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ISCE: A modaular, reusable library for scalable
SAR/InSAR processing

ISCE Team (JPL/Caltech/Stanford)
S



What is ISCE?

INSAR Scientific Computing Environment

Processing framework for SAR / INSAR data
= C/C++/Fortran core for performance
= Python interface for user scripting and testing

* Applications / workflows built on top of the same set of

building blocks
= Reuse capability as much as possible
= Easy incorporation of new sensors / imaging modes

Readers
/ Writers

Applications
(Science users)

Core
processing
algorithms




Core SAR/InSAR Processing Capabilities




SAR - Focusing and Geometry
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SAR - Radiometric Terrain Correction / Simulation

Using S1B GRD data

GammaO

« Simple band math with output of isce.zerodop.topozero
« Shadow Layover mask
* Local incidence angle
* Projection angle
* Lat, Lon, Hgt



Geometric Image Coregistration

Slide modified from: Fattahi et al (2016)

« Exploit precise orbit information
* Geometry system is important
* Residual constant offsets
« Azimuth clock errors
« Slant range bulk media shift
*  Most modern SAR sensors provide high
quality orbit information
« Metadata quality has significantly improved
over last decade

O

Using Orbit Using Orbit Slave
Master Lat, Lon, Ht 8 . :
. . € > > Azimuth Time,
Azimuth Time, On ground
& DEM (geo2rdr) Slant Range
Slant Range
(rdr2geo)

Needs precise Orbits (few cm).

Doesn’t Need Accurate DEM

(few 10s of m vertical acc is fine).




Comparing co-registration methods

Traditional polynomial Geometric
based coregistration coregistration

4 year, 4km baseline ALOS PALSAR dataset over Hawaii




Comparing coregistration methods

Polynomial-based Geometry-based

2km baseline ALOS PALSAR dataset over Eastern California

« Geometric co-registration performs better over steep terrain
« Geometric co-registration works better for wider range of
baselines
« Better alignment of pixels in stacks of radar images
« Hard to meet Sentinel-1 TOPS InSAR requirements with
traditional co-registration methods



Speckle tracking - pixel offsets

Azimuth offsets

Range offsets

GPU implementation in
the works

Geometric co-registration
reduces complexity




ISCE in action
Real-life examples from advanced users




Sentinel-1 TOPS interferometry (rattahi et al)

-125 115

Geometry-based processing
allows us to stitch numerous

frames of SLCs seamlessly
— Good to about 1/100 th of pixel

Sentinel-1 azimuth mis-
registration refinement
implemented using burst

overlaps
— Good to about 1/1000 th of pixel




3D pixel offset time-series (Minchew et al.)
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lonospheric corrections for Sentinel-1 (Liang et al.,
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Infrastructure monitoring (Bekaert et al)

LOS time-series with respect to each reference (*)
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2016 Hurricane Matthew, Lumberton, North Carolina (Lin etal. in prep) @8

OBSERVATORY
OFSINGAPORE

« Open water mapping straightforward
« Urban flood mapping is challenging

e Multitemporal SAR analysis produced
sensitivity by 85%

« Deep learning is being explored



185 people killed Over 1000 buildings destroyed US $30+ billion damage
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Economic LOSS

Feb 2011 Christchurch Earthquake

b DPM PDF for Land Damage Levels
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Figure 11. a) Land damage map, b) Histogram of the DPM for each level of the land damage.




Amatrice Earthquake (M6.2 Aug 24, 2016), ltaly ARIA
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https://www.nasa.gov/feature/jpl/nasa-produced-maps-help-gauge-italy-earthquake-damage
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https://www.nasa.gov/feature/jpl/nasa-produced-damage-maps-may-aid-mexico-quake-response

: Residential B

Bl Qﬂﬁ

PM | | ‘ Before | After

Soriana Tasquefia i
—— n

DPM vs Ground Observation (M7.1 Mexico City Earthquake) e

NS
‘~al 3

uilding

G J

25 oIPCREl @ S

: * oy 2R SR SaOE RSN NY L W R

.. -Adriana Zehbrauskas (The New York Times)

. * 7 https://www.nytimes.com/interactive/2017/09/23/world/americas/
mexico—city—ear‘chﬁ%‘ake—surveying—destruction—da‘mage.htmI?_r=0

=" Source:Google Street View
SR -t e s

S

eet) |||

(




ARIR September 2018 M7.5 Palu Earthquake, Indonesia EARTHQ Aéﬁ\
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https://www.nasa.gov/feature/ipl/nasas-aria-maps-california-wildfires-from-space



https://www.nasa.gov/feature/jpl/nasas-aria-maps-california-wildfires-from-space

“We estimated that Louisiana would have about 27,000 domaged homes, but'it'was through the acquisition of SAR data and
other remotely sensed data that we were able to see that it was a muchilargerimpact than we had forecast.”

Glenn Russell, FEMA
After the August 2016 Louisiana Floods

“It is so fascinating to see this map. The pattern of the distribution of red areas correlate with most realities on the ground.”

Indra Sharan, OFDA, USAID
From Nepal after the M7.8 2015 Gorkha Earthguake

*During our reconnaissance missions we have used damage proxy maps (DPMs)...... My findings clearly show that the DP
published right after the event was very effective in defining collapsed buildings.”

Paolo Zimmaro, UCLA/GEER
After GEER fieldwork of the 2016 Cenftral ltaly earthgquakes

“After the tragic August earthquake in Amatrice, Italy, NASA's JPL produced maps of the greatest damage. These
sophisticated maps will be used in the rebuilding efforts.”

Barack Obama, Former President of the US
At.the White House with Mateo Renzi on Oct 28, 2016



ARIA DPM/FPM on ME
ALOS-2, 49 items

September 2018 M7.5 Sulawesi Earthquake, Indonesia
“NASA's ARIA Maps Indonesia Quake, Tsunami Damage”,
nt page), October 5, 2018. Available online at:

“NASA's ARIA Maps Indonesia Quake, Tsunami Dama
2018. Available online at: =
L Space Images at: M

“Sulawesi Island, Indonesia Earthquake and Tsuna,
sasters Program Website, September 28, 20

September 2018 M6.6 Hokkaido Earthquake, Japan

“Japan Earthquakes (ARIA Damage Proxy Map) otojourn

hotojournal, October 5,

JP

", NASA Applied Sciences Di
able online at:

, September 10, 201

8. Available online at: JPL Sp
ace Images at: i
“ARIA Damage Proxy Map of Hokkaido, Japan Appl:ed Sciences Dis

asters Program Website, September 10,

August 2018 Lombok Earthquakes, Indonesia
“ARIA Damage Proxy Map of Lombok, Indoné
ember 5, 2018. Available online at:
JPL Space Images at:
NASA Applied Sciences Di
8. Available online at:

August 2017 Texas Floods (Hurricane Harvey), TX,
“New NASA Satellite Flood Map of Southeaste
rnal, August 31, 2017. Available online at: {giafee"

JPL Space Images at:

“Updated NASA Satellite Flood Map of Southeas
urnal, August 31, 2017. Available online at:
JPL Space Images at:

“Extent of Texas Flooding Shown in New NASA Map
7. Available online at:
ace Images at:

August 2016 Louisiana Flood, LA, USA
“Sizing Up Floods from Space: NASA Science for U.S. Floo
ciences Video, December 9, 2016. Available online at:

mhﬁ

August 2016 M6.2 Amatrice Earthquake, Italy
“NASA-Produced Maps Help Gauge Italy Earthquake Damage”, NASA Feature Story, Oc
tober 5, 2016. Available online at:

"NASA;Produced Maps Help Gauge Italy Earthquake Damage”, JPL News, October 5, 2

016. Available online at:
/,“New lite Damage Maps Assist Italy's Earthquake Disaster Response”, JPL Phoy)jo
urnal, September 1, 2016. Available online at:

-~
April 2015 M7.8 Gorkha Earthquake, Nepal
“NASA Proxy Maps Reveal Earthquake Damage”, Sensor Technology, June 2016
“Damage Maps Provide Critical Data”, NASA Tech Briefs, April 2016. Available opline at

“Damage Maps from NASA Could Assist When Future Quakes Strike”, Satnews, Februa
: ry 1, 2016. Available online at:
y . ;
« "NASA damage maps may help in future quakes”, Phys.Org, February 1, 2016. Availabl
F e online at:
"NASA Damage Maps May Help in Future Quakes”, NASA Feature Story, January 29,2
’ 016. Available online at:

"NASA Damage Maps May Help in Future Quakes”, JPL News Website, January 29, 201
6. Available online at:
“Earthquake rescue: Compare and contrast”, The Economist, November 1. .2015' Avail
B able online at: v/
14 = ’7 F
“How to find earthquake victims faster”, The Economist, November 13, 2015 hallable
online at: .

"NASA Aids Response to Nepal Quake”, NASA Feature Website, May 1, 2015. Available
online at:

"NASA-Geherated Damage Map to Assist with 2015 Gorkha, NepaliEarthquake Disaste
r Response”, JPL Photojournal, May 1, 2015. Available online at:

-

"New ALOS-2 Damage Map Assists 2015 Gorkha, Nepal Dlsaste{ Response« NASA Web
site, May 11, 2015. Available online at: ,d

"New ALOS-2 Damage Map Assists 2015 Gorkha, Nepal Disaster Re‘Sponce" .IP Photo;

ournal, May 11, 2015. Available online at: & q g

E 2

"NASA's ARIA Project Provides New Look at Earth Surface Deformation ﬂom Nepal Qu

ake”, JPL Photojournal, May 4, 2015. Available online at: 5
bd -~

'

"Radar Shows Kathmandu Area Uplifted 5 Feet by Gorkha Nepal Earthquake” JPL Pho *

tojournal, May 7, 2015. Available online at: goJk

"NASA/Caltech Team Images Nepal Quake Fault Rupture, Surface Movements”, JPL Ph
otojournal, May 4, 2015. Available online at:

"NASA's ARIA Project Maps Deformation of Earth's Surface from Nepal Quake”, JPL Ph
otojournal, May 2, 2015. Available online at:

5

"NASAhasjoir{ed thggre‘lief effort in Nepal”, Federel News Radio, May 11, 2015. Availa

_ bleonlineat: .~ "

- ' seatih:dys

"Nepal’s Earthquake was So;fnténie*’t Changed Both Land and Air, says NASA”, Nature
World News, May 4, 2015. Available online at:

"Local NASA Team’s, Satellite Technology, Maps Saving Countless Lives In Quake-Ravag
ed Nepal”, CBS, May 1, 2015. Available online at:

”~
2 »
"NASA data aids.Nepal earthquake re¢ovéry”, FCW, May 5, 2015. Available online at:
"'Sensing How'l\mme Earth Moved in Nepal”, Earth Observatory, May 14, 2015. Ava

_ilable online at:
"Scientist-volunteers map landslides from Nepal earthquakes”, UN-SPIDER, May 6, 201

5. Available online at:

"COSMO-SkyMed "maps" the earthquake in Nepal”, ASI - Italian Space Agency Websi
te, May 3, 2015. Available online at:

-
"NASA Tech Helping Locate People Trappedi p Wake of Nep

N
am%zagﬂight
Insider, May 5, 2015. Available online at: SP g 5id

. .
"NASA)-generated damage map to assist with 2015 Gorl
_response”, ESA’s eoPortal News, May 2, 2015. 2
" 4

"NASA aids response to Nepal quake”, Phys.Org, May 4, Zoﬁiﬁailable online at:

"COSMO-SkyMed "maps" the earthquake in Nepal”, Global People Daily News, May 3,
2015. Available online at:
i
"Heartbeat-detecting NASA invention saved four Nepal earthquake survivors”, Masha
ble, May 6, 2015, Available online at:
"This terrifying map shows how much the earth moved during the Nepal earthquakes”
Bus Insider Indonesia, May 16, 2015. Available online at:
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https://www.jpl.nasa.gov/news/news.php?feature=7253
https://photojournal.jpl.nasa.gov/catalog/PIA22746
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Sentinel-1, 53 items

November 2018 Camp & Woolsey Fire, California, USA
“Updated NASA Damage Map of Camp Fire from Space”, NASA Fe
page), November 20, 2018. Available online at:
“Updated NASA Damage Map of Camp Fire from Space”, JPL N, s on the JPL front page),
November 19, 2018. Available online at: g0

A, November 17, 2018. Avai
.

(was on the NASA front pag

“Assisting Those Fighting the California Wildfires”, This We
lable online at: D
“NASA’s ARIA Maps California Wildfires from Space”, NAS,
e), November 13, 2018. Available online at:
“NASA’s ARIA Maps California Wildfires from Space”, JP, as on the JPL front page), Nov
ember 12, 2018. Available online at:

October 2018 Super Typhoon Yutu, Northern Mariana Islaj
“NASA's ARIA Damage Proxy Map Shows Devastating
Applied Sciences Disasters Program Website, Q

Typhoon Yutu”, NASA
lable online at:

October 2018 Hurricane Michael, Florida, USA
“ARIA Damage Proxy Map Using ESA-Sentinel 1”, N,
site, October 11, 2018. Available online at:

September 2018 Hurricane Florence, NC, USA
“NASA's ARIA Maps Aftermath from Florence”, JPL
online at: talog/PIA22704
d=PIA22704
“NASA's ARIA Maps Damage from Florence”, JPL Phd
nline at:

“Hurricane Florence Resources - ARIA Flood Extent
gram Website, September 15, 2018. Available o

“Hurricane Florence Resources - ARIA Damage Proxy
ogram Website, September 18, 2018. Available o

June 2018 Fuego Volcano Eruption, Guatemala
“NASA Damage Map Shows Effects of Destructive Guatem
al, June 15, 2018. Available online at:
JPL Space Images at:
“ARIA Damage Proxy Map from the Fuego Volcano Eruption”,
rogram Website, June 12, 2018. Available online at:
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. December 2017 Southern California Wildfires, CA, USA -

"NASA Produced Map Shows Extent of Southern California Wildfire Damage”, JPL Phatolournal
" December 14, 2017. Available online at:
. _ JPL Space Images at:
- e
October 2017 Northern California Wildfires, CA, USA ¢
4 "NASA age Map Aids California Wildfire Response”, JPL News (was on the JPL front page),
Oc obe: 18, 2017. Available online at:

“NASA Damage Map Aids California Wildfire Response”, NASA Feature (was on the NASA front
page)%ctober 18, 2017. Available online at:

“NASA bamage Map'Aids Northern California Wildfire Response”, JPL Photojournal, October 18,
2017. Available online at: JPLSpace I’
mages at:

“NASA’s ARIA Damage Proxy Map of.Northern €alifornia using Copernicus Sentinel-1 satellite SA

’ 'R data”, NASA Applied Sciences Dlsasters Program Website, October 17, 2017. Available o
nline at:

September 2017 Dominica Damage (Hurricane Maria), Dominica
4 “Dominica Hurricane Damage Mapped by NASA's ARIA Team”, JPL Photojournal, September 29,
2017. Available online at: JPL Space |
mages at: /

“ARIA Damage Proxy Map of Dominica from Hurricane Maria”, NASA Applied Sciences Disasters

Program Website, October 2, 2017. Available online at:
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Multi-temporal Multi-polarization Interferometric Coherence Analysis
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