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Learning Objectives

By the end of this presentation, you will be able to:
« Understand the basic physics of SAR interferometry and SAR pixel tracking

» Describe what SAR intferferometric phase tells about the land surface and
landslides

« Describe the necessary data processing for making an interferogram
« Understand the information in SAR interferometric images about land motion
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Prerequisites

« Basics of Synthetic Aperture Radar 2017
* SAR Processing and Data Analysis 2017
* Infroduction to SAR Intferferometry 2017
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» See the 2017 ARSET training “Introduction to SAR Interferometry” for more details

SAR Interferometry Theory

* Quick review of synthetic aperture radar interferomeftry theory

* In SAR interferometry, it is all about the phase of the SAR signal
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SAR Phase - A Measure of the Range and Surface Complexity I :

The phase of the radar signal is the number of cycles of
oscillation that the wave executes between the radar
and the surface and back again

Number of Cycles . :
 (actually milions!) The total phase is a two-way range measured in wave

% 0’ cycles + random components from the surface

Collection of random path lengths jumbles the phase
/ of the echo

Only inferferometry can sort it out!

Slide modified from Paul Rosen (JPL)
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A Simplistic View of SAR Phases

.

4

Phase ofiImage 1 ¢1 = F p1 + other constants + ny
41t

Phase of Image 2 ¢, = F p, + other constants + n,

1. The “other constants” cannot be directly determined

2. "Other constants” depends on scatterer distribution in the resolution cell, which is
unknown and varies from cell to cell

3. The only way of observing the range change is through interferometry
(cancellation of “other constants”)

Slide modified from Paul Rosen (JPL)
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SAR Interferometry Applications

* Mapping/Cartography
— SAR interferometry was used for the 2000 Shuttle Radar Topography Mission
(SRTM), new 2018 release as NASADEM

— Radar Interferometry from airborne platforms is routinely used to produce
topographic maps as digital elevation models (DEMs)

« 2-5 meter circular position accuracy

* 5-10 m post spacing and resolution

* 10 km by 80 km DEMs produced in 1 hr on a mini-supercomputer
* NASA SAR topography presently acquired by GLISTIN

— Radar imagery is automatically geocoded, becoming easily combined with
other (multispectral) data sets

— Applications of topography enabled by interferometric rapid mapping

* Land use management, classification, hazard assessment, intelligence, urban
planning, short and long fime scale geology, hydrology

Slide modified from Paul Rosen (JPL)
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SAR Interferometry Applications

« Deformation Mapping and Change Detection

— Repeat Pass Radar Interferometry from spaceborne platforms is routinely used to
produce topographic change maps as digital displacement models (DDMs).

* 0.1-1 centimeter relative displacement accuracy

* 10-100 m post spacing and resolution

« 10-350 km wide DDMs produced rapidly once data is available
— Applications include

« Earthquake and volcano monitoring and modeling

» Landslides and ground subsidence

» Glacier and ice sheet dynamics

» Deforestation, change detection, disaster monitoring

h NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Differential Interferometry

« When two observations are made from the same location in space but at different
times, the interferometric phase is proportional to any change in the range of a
surface feature directly

4

4
I ?I? Df= _7(’(t1) - r(tz)) - TIODrc-:hange

Slide modified from Paul Rosen (JPL)
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Differential Interferometry Sensitivities

* The reason differential interferometry can detect milimeter-level surface deformation is
that the differential phase is much more sensitive to displacements than to tfopography.

d¢  2mpbcos(f —a)  2mpby

Oh —  Mpsin®  Mpsind Topographic Sensitivity
0¢ 47 . o
(¢ & A9) 0Ap ~ X\ Displacement Sensitivity
(‘igb 47 bJ_ . o
Tdrove = 3R = X psinf " Topographic Sensitivity Term
6gb 4’”‘ H ege o
Tdaisn = GALTRP = T TB Displacement Sensitivity Term

Od ;. o
S|nce 9 << 1 ==> ¢d15p >> ';btopo
P OAp Oh

Meter Scale Topography Measurement - Millimeter Scale Topographic Change

Slide modified from Paul Rosen (JPL)
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Phase Unwrapping

* From the measured, wrapped phase, unwrap the phase from some arbitrary
starting location, then determine the proper 2-pi phase “ambiguity”

Ag, ... = mod(A(pmpoln)

-7 / A¢unwrap (S’ p) = A¢t0p0 (S’p) + A¢c0nst

A¢Const
Aqbtopo

Slide modified from Paul Rosen (JPL)
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Correlation* Theory

* INSAR signals decorrelate (become incoherent) due to

— Thermal and Processor Noise
— Differential Geometric and Volumetric Scattering

— Rotation of Viewing Geometry
— Random Motions Over Time

» Decorrelation relates to the local phase standard deviation of the interferogram

phase
— Affects height and displacement accuracy

— Affects ability to unwrap phase

*Correlation” and “YCoherence” are often used synonymously

Slide modified from Paul Rosen (JPL)
NASA's Applied Remote Sensing Training Program 14 \gme,
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INSAR Correlation Components

« Correlation effects multiply, unlike phase effects that add

« Low coherence or decorrelation for any reason causes loss of information in that
areq

Y= YvYgVYtYc
where

Y, IS volumetric (frees)

Y4 IS geometric (steep slopes)
Y;Is tfemporal (gradual changes)
Y. IS sudden changes

NASA's Applied Remote Sensing Training Program
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Wavelength: A Measure of Surface Scale

Light interacts most strongly with objects
around the size of the wavelength

C(écm) X (3 cm)

B N
Forest: Leaves reflect X-band “‘“
wavelengths but not L-band M
\ §\\\\:\\\ \\\\

Dry Soils: Surface looks rough >\m\

to X-band but not L-band %

Ice: Surface and layering look
rough to X-band but noft L-
band

Slide modified from Paul Rosen (JPL)
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Coherent Change Detection
SIR-C L- and C-band Interferometry

« 6-month time separated observations to form interferograms
» Simultaneous C and L band

C-Band A =5.6cm L-Band A =24 cm C-Band A =5.6cm L-Band A =24 cm NDVI

0 Correlation 1

1 Cycle of Interferometric Phase il

1 Vegetation 0

INSAR experiments have shown good correlation at L-band

NASA's Applied Remote Sensing Training Program
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Pixel Offset Tracking with SAR

.

« Large displacements of surface, more than about 1/10 of the SAR pixel size, cause
loss of INSAR coherence

» Landslides and earthquakes can involve large displacements

 Pixel offset tracking or image correlation can measure large displacements
« Can be used with optical or SAR images

 Similar to INSAR, measures displacements between two images

« SAR pixel offsets measure 2D deformation along the slant line-of-sight and
horizontal flight directions

« Cross correlates SAR amplitude images with subpixel precision to measure changes

h NASA's Applied Remote Sensing Training Program
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Pixel Offset Tracking with SAR

- Advantages:
* Provides 2D measurements

« No deformation rate limit (INSAR has a
limit)

e measures a continuous deformation
field

No problem with clouds

littfle or no atmospheric effects
Limitations:

cm- to m-scale sensitivity

Vegetation : .
Observational bias - - - -Deformation maps

Leprince et al., 2007
NASA's Applied Remote Sensing Training Program 19 NGy
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Cadlifornia Landslides

« Landslides in the California Coast Ranges:

— Franciscan Complex Lithologic Units are weak rocks
that are prone to landslides

— Active tectonics along plate boundary generates
mountains

— High seasonal rainfall

Korphed compozite: 20717-02-14 12:00:00 UTC
=
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Credit (left): Credit: Nature Geoscience (2017). DOI: 10.1038/nge02894; (Right) Handwerger et al., Scientific Reports (2019)
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NASA/JPL Uninhabited Aerial Vehicle Synthetic Aperture Radar
(UAVSAR)

« NASA Gulfstream Il

« High resolution SAR

— (0.6 m along-flight direction, 1.6 m
look direction)

SAR processing and time series inversion

* INSAR Scientific Computing
Environment (ISCE) (Rosen et al., 2012)

« Generic INSAR Analysis Toolbox (GIANT)
(Agram et al., 2013)

— Small Baseline Subset (S BAS) method Using an airborne radar to study earth science (earthquakes, volcanoes,
(SChmldT Clnd B(Jrgmcmn 2003) vegetation, hydrology, ice, etc.), with emergency response potential

NASA's Applied Remote Sensing Training Program
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Northern California landslides

Hundreds of active landslides in the Eel
River catchment

UAVSAR flights on 4 lines

Perpendicular flight lines to get three-
dimensional surface displacements

11 sets of flights April 2016 to May 2019

Handwerger, A. L., E. J. Fielding, M. H. Huang, G. L. Benneftt, C. Liang, and W. H. Schulz (2019),
Widespread Initiation, Reactivation, and Acceleration of Landslides in the Northern California
Coast Ranges due to Extreme Rainfall, Journal of Geophysical Research: Earth Surface, 124(7),
1782-1797, doi:10.1029/2019jf005035.

NASA's Applied Remote Sensing Training Program
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Eel River UAVSAR Results

Landslide identification N Bl 3 - g <
1 : 2.4 % Kekawaka
« Deformation signall o G S miioe |
* Previously published inventories p 7 3
« Landslide morphology (DEM:s) ) M) §
« Downslope motion 2 R
¢ Google EOrTh E QBould’erCreek
- : landslide SRS - LOS
Landslide inventory N s W oER Fa O
77 ) 1235 ongitude (° 1234
¢ 3] 2 |Gﬂd$||des befweeﬂ Apfl' 20] 6 Clﬂd = s = -8 B | active, previously unmapped
February 2018 A e 3’%9 aj}“th 0§ O xhe prevowlyace
. . ~ = L0s - g§ = [ ] dormant, previously dormant
« 102 previously unmapped landslides o =PI
1235 longitude (°) 1234

* (i.e. new orreactivated)

Handwerger et al., JGR (2019)
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Eel River UAVSAR Results

Velocity
(m/yr)
0

0.5

Pixel offset tracking

10

(9]

Displacement (m)

o

Precipitation (m)

WY2016 WY2017 WY2018
-(a)
| — median
— —»
2016.5 2017 2017.5 2018
" (c) _/_j
2016.5 2017 20175 2018
Time (yrs)

» Horizontal displacement measured from pixel offsets

* Displacement time series analyzed
» Seasonal displacement driven by rainfall

Handwerger et al., JGR (2019)
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Central California landslides

CA Sentinel-1 InSAR time-series

LOS time-series with respect to each reference ({5{ )

 Sentinel-1 A/B data

| | |
122°0'W 121°30'W 121°0'W

« Dozens of active landslides
Olong 'I'he Cen'l‘rdl Mean rate = -31.1 mm/yr (o=1 mm/yr) -100
CO”fO rniO COOST g Mean rate = -39.7 mm/yr (0=0.9 mm/yr) 0
R =
3 c 33:’!::‘?3“’\" 2 | 50
X o
5 3
8 2 | -100
LOS rate Ho e ateen 0
[mm/yr] - oy gy NP ]
50
0 05 1Km -50
0 i
0 5 10 20Km
-50 LOS Mean rate = -6.8 mm/yr (0=0.6 mm/yr) 100
Landslide Database Yo
[:Deﬁnite B Historic X 0 E
;_ RRProbable B D<'>rmalntYoung G o e L .%
o "JQuestionable B Dormant Mature 5 £
2
fa)

Mean rate = -17 mm/yr (6=0.5 mm/yr) -100

Jan-2015 Jan-2016 Jaﬁ-2017 Jan-2018
Sentinel-1 available for free under Copernicus program

Slide from David Bekaert, P. Agram, H. Fattahi (JPL)
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Central California Landslides

Avgerage velocity and strain rate (2009 - 2017) of Mud Creek landslide, CA
velocity (cm/yr) —— a.horizontal velocity (cm/yr) b. vertical strain rate
AT N0 . . . , x10‘3(yr") .

. c.strain rate | azimuth +

ook direction

S1T42 7y

0 s1T35 1.
1 UAVSAR . . ~
2N T05016
das - - "\ P .
e /1 N @pre-catastrophlc
o0 Tef pixel . - .
7140 c/yr \ ¢ post-catastrophic

100 m

~
~,
-, -
---------
~~~~~~~~

Mud Creek landslide
* Failed catastrophically on May 20, 2017
« Repair cost ~$54 million

« Sentfinel-1 and UAVSAR data combined for 3D
displacement

= March 2017
Top: Handwerger et al., Scientific Reports (2019); Bottom: Warrick et al. 2019, https://walrus.wr.usgs.gov/remote-sensing/
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Central Cadlifornia Landslides

WY2016 Wy2017

:May 20,2017
— -O:ﬁapse

Mud Creek Landsllde

w
#2015-03.01
- .

Displacement
m)

o 2015 20155 2016 20165 2017 20175
2 :
S > 10 5
2 & s
or . . . , .
2015 20155 2016 20165 2017 20175
c 20r .
-_,% cumulative '
Pacific Ocean g = 1-0 - precip. : Q —_—
: .9—5 precip. : 102 49‘ )
N Q ' 01 22
dslid . g N T /rate ; 0 8 E
e ———— 0772015 20155 2016 20165 2017 20175
0 0.5 1 -I—me

(Left) INSAR Time Series from Sentinel 1; (Right) Handwerger et al., Scientific Reports (2019)
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Oregon Coast Landslides

-13_4.380 -124.370 -124.360
[ JRA ':'?ﬁ-loos’f(a‘haden landslide

Y % é tinel-1 pixel offset tracking
February 26,2019 - March 4, 2019 |
» - A.L Handwer‘gﬁ‘

BLIES S

Hooskanaden landslide

42.210

: k
-124.380 -124.370 -124.360

» Destroyed US101 near Brookings, OR
 Pixel tracking with Sentinel-1 SAR data
« ~6 meters of displacement in the LOS direction between Feb 26 and Mar 4, 2019

(Left) Tidewater photo via ODOT from March 3, 2019

NASA's Applied Remote Sensing Training Program
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Slumgullion Landslide, Colorado

* The active Slumgullion Landslide:
« Peak velocity:1-2 cm/day

« Average Slope: 8 degrees
* Length: 3.9 km

« Width: ~300 m

 Depth: ~14 m

« Volume: 20x10° m

NASA's Applied Remote Sensing Training Program
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Slumgullion UAVSAR L-band interferograms

« Four flight directions (green L'ne,lgs‘g,?‘",,‘&
Qrrows) (B e
» Four lines of sight (blue s
arrows) &
.« April 141 d —
April 16™M and 23 2012 Tine: 03501 70 0

* Velocity in centimeters per ,%/zf,w '
Dy £ *n'" -12
aay s oy i3
4. oy “- ST :xﬁ"h" -3.0

B. Delbridge, UC Berkely

NASA's Applied Remote Sensing Training Program



Slumgullion 3-D displacements

Four UAVSAR 7-day
interferograms combined

Full 3-D displacement of surface

Converted to velocity in
cm/day

Horizontal component shown
with color and vectors

Largely parallel to sides except
mini-slide on top

Delbridge, B. G., R. BUrgmann, E. Fielding, S. Hensley, and W. H. Schulz (2016), 3D surface deformation derived from airborne interferometric UAVSAR: Application to the Slumgullion Landslide, Journal of Geophysical Research, 121(5),
3951-3977, doi:10.1002/2015JB012559.

NASA's Applied Remote Sensing Training Program 32 .



Slumgullion thickness inversion

2.0

1.5¢

1.0t

0.5

[em/day]

Along-slide Velocity Profiles

— East - April, 12 -- Up-July, 12
North - April, 12 Horizontal - July, 12
— Up - April, 12 ¢ ¢ April, 12 - Domain Average
Horizontal - April, 12 v v July, 12 - Domain Average
East - July, 12 ¥ ¥ 1985-1990 Domain Average
North - July, 12
17
S
>|<g I8 f
4 5
T11 %
W 4 3
10 ¥ g2
o— @ ;1

Resulting Basal Geometry

Depth Inversion

— Topography
——  Smoothing Parameter = 0.03
Smoothing Parameter = 0.33
Smoothing Parameter = 3.30

» *Depth vertically Exaggerated by factor of 10

500 1000 1500 2000 2500 3000 3500
Distance Along Transect [m]

Delbridge et al. (2016)

NASA's Applied Remote Sensing Training Program
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SAR Satellites

European ERS-1 1992 — 2000
ERS-2 1995-2001 (<2011 limited) | =2 {1+ 3 183) :
Canadian Radarsat-1 1995-2013 24 6
: 2003 - Sep 2010 35
European Envisat Oct 2010 - Apr 2012 30 S
Japanese ALOS Jan 2006 — Apr 2011 46 24
German Terra SAR-X 2007 — present . 3
TanDEM-X 2010 — present
falian COSMOjSkyMed 2007 — present 16 (1, 4,7, 8) 3
constellation
Canadian Radarsat-2 Dec 2007 - present 24 6

h NASA's Applied Remote Sensing Training Program
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New SAR Spacecraft

European Sentinel-1 (A: Apr 2014, B: May A 12 B4 4
2015) ’
Japanese ALOS-2 (May 2014) 14 24
Indian RISAT-1 (Apr 2012) 25 6
NASA-ISRO SAR (NISAR) Mission (Jan 2022) 12 12, 24

h NASA's Applied Remote Sensing Training Program
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NASA-ISRO SAR Mission (NISAR)

High spatial resolution with frequent
revisit fime

Earliest baseline launch date: 2021

Dual frequency L- and S-band SAR

— L-band SAR from NASA and S-band
SAR from ISRO

3 years science operations (5+ years
consumables)

All science data will be made
available free and open

https://nisar.jpl.nasa.gov

Slide courtesy of Paul Rosen (JPL)

NASA's Applied Remote Sensing Training Program

NISAR Characteristic:

Would Enable:

L-band (24 cm wavelength)

S-band (12 cm wavelength)

SweepSAR technique with
Imaging Swath >240 km

Polarimetry
(Single/Dual/Quad)

12-day exact repeat

3-10 meters mode-dependent
SAR resolution

3 years since operations (5
years consumables)

Pointing control < 273
arcseconds

Orbit control < 500 meters
>30% observation duty cycle
Left/Right pointing capability

Noise Equivalent Sigma Zero <
-23db

Low temporal decorrelation and
foliage penetration

Sensitivity to light vegetation

Global data collection

Surface characterization and
biomass estimation

Rapid Sampling

Small-scale observations

Time-series analysis

Deformation interferometry

Deformation interferometry
Complete land/ice coverage
Polar coverage, North and South

Surface characterization of
smooth surfaces
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Accessing Sentinel-1 Data for Interferometry

1. Go to the Alaska Satellite Facility Sentinel Data Portal: https://search.asf.alaska.edu/

« Identify the area (-121.463489 35.88952, -121.388017 35.88952, -121.388017 35.821763, -
121.463489 35.821763) and dates (2016-04-12, 2016-05-6) of interest (Mud Creek landslide,
California, USA)

ldentify images of interest (Sentinel-1 A/B)

Click More>Additional Filters>File Type> "L1 Single Look Complex (SLC)"
Click More>Additional Filters>Direction> "Descending"

Click Search

Select Granule:
STA_IW_SLC_ 1SSV _20160412T140755 201604121T140823 010789 O101FE_956F-SLC

Download the L1 Single Look Complex (SLC) (2.01 GB) Product

/. Similarly download SLC for Granule:
STA_IW_SLC__1SSV_20160506T140756_20160506T140824_011132_010CD3_980D-SLC

h NASA's Applied Remote Sensing Training Program

o MDD

o



https://arset.gsfc.nasa.gov/

Accessing Sentinel-1 Data for Interferometry

¥4 EARTHDATA Other DAACs - € Feedback (2]
Search Type Dataset Area of Interest + Start Date End Date SEARCH Clear -! e < T
AS F Geographic  ~ Sentinel-1 v -121.463489 3¢ ¥ 4/12/2016 © 5/6/2016 [ More ‘*e ot

250 ~ of 3 Files

Data Search File Types: SLC, Flight Dir: Descending

Y

Results v
3 Scenes (3 of 3 Files) [7] W Scene Detail 1 File

S1A_IW_SLC__1SSV...956F |l

S1A_IW_SLC__1SSV...980D 2 L1 Single Look Complex (SLC)
May. 6, 2016 E3 ¥ 171 Sentinel1 - C-Band 2.07 GB o ¥
Baseline Tool Citation
S1A_IW_SLC__1SDV...3089 H W
= 0/1
Apr. 24,2016 Aquisition Date - Apr. 12,2016 +
Beam Mode * IW +
i;ﬁl‘zhll—;)ﬁ%—‘l SSV...956F 0 '!. 171 Path - 42 +

Frame « 472 +
Flight Direction - DESCENDING -+

NASA's Applied Remote Sensing Training Program
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Opening the Data with the Sentinel Toolbox

* Initiate the Sentinel Toolbox (SNAP) by clicking on its desktop icon
* In the Sentinel Toolbox interface, go to the File menu and select Open Product

» Select the folder containing your Sentinel-1 SLC file, and double click on the .zip file
(do not unzip the file; the program will do it for you)

h NASA's Applied Remote Sensing Training Program 41 NG,
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Opening the Data with the Sentinel Toolbox
SLC Data Has a Different Format Than GRDH

Product Expl lorer Pixel Info

[ Th e P rO d U C‘I‘ Exp | O re r Wi n d OW Of 'I'h e S e n 'I'i n e | TO O | b OX v ? é] :Ale;?;dlwa_;LC_ISSV_ZO160506T140756_20160506T140824_011139_010CDS_9800

» (3 Vector Data

» (2 Tie-Point Grids

contains your file. ooty

» (3 Bands
» = [2] SIA_IW_SLC_ 1SSV_20160412T140755_20160412T140823_010789_0101FE_956F

1. Double click on the file to view the directories within | = sssmsc s oo sz oo e sso oo s
the file, which contain information relevant to the
Image, including:

— Metadata: parameters related fo orbit and dafa e T e &

— Tie Point Grids: interpolation of lafitude/longitude, 17 =
incidence angle, etc.

— Quicklooks: viewable image of whole scene in
radar coordinates

— Bands: complex values for each subswath “i"” and weves
“qg"” and intensity (intensity is the amplitude
squared, a virtual band)

=

NASA's Applied Remote Sensing Training Program
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Opening the Data with the Sentinel Toolbox

Viewing Subswath Images

2. The Worldview image (lower left)
shows the footprint of the whole
Image selected

3. Select intensity image for swath [W2
\AY

— Note: Each SAR image is flipped
east—west because it is oriented the
same way it was acquired with side
closest to satellite on the left
(descending track in this case)

NASA's Applied Remote Sensing Training Program
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Interferometry Data Preparation

Coregistering the Scenes

® 0 S-1 TOPS Coregistration

1. The first step of inferferometry is 1O COreqister  ru  rede BEEEESIE Tosacsoie  Appy-orbirile >
TWO SLC imoges Subswath: W2 E

Polarisations: VV

2. From the fop main menu bar, select Radar > ™ oo == T
Coregistration > S1 TOPS Coregistration > S1 vl >
TOPS Coregistration again

® OO0 S-1 TOPS Coregistration
< Apply-Orbit-File Apply-Orbit-File(2) Write
Digital Elevation Model: SRTM 1Sec HGT (Auto Download) i
DEM Resampling Method: BILINEAR_INTERPOLATION w
Resampling Type: BILINEAR_INTERPOLATION o
Mask out areas with no elevation
Output Deramp and Demod Phase
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Interferometry Data Preparation

Coregistering the Scenes

3.

® 0 S-1 TOPS Coregistration

In the Read tab, select the 20160412 SLC vead  readd) RIS TOPSAR-SPIt®  Aply-Orbit-File >
and in the Read(2) tab select the 20160506~ soser - w2 B

Polarisations: VV

S LC Bursts: 1 to 9 (max number of bursts: 9)

In TOPSAR-Split and TOPSAR-Split(2) tabs, '
select Subswath: IW2 Polarisations: VV

Back-Geocoding tab- SRTM Tsec HGT (auto

d Own | OO d) | NON | S-1 TOPS Coregistration

. . < Apply-Orbit-File Apply-Orbit-File(2) Back-Geocodinc Write
In the Write tab, select the directory where Digital Elevation Mode: SRTM 15ez HGT (Auto Downioas) 5
you want to save your processing results A AL EmO oY -

Mask out areas with no elevation

Output Deramp and Demod Phase

NASA's Applied Remote Sensing Training Program
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Interferometric Processing

Forming a Raw Interferogram

1. Second step of interferometry is to make an File Help
iInterferogram out of the coregistered SLC JOeii Processing Parametes
images Souceprodct

[3]1 SIA_IW_SLC__1SSV_20160412T140755_20160412T140823_010... | ...

2. From the top main menu bar, select Radar,

then Interferometric, then Products, and then v
Interferogram Formation /_20160412T1121:_;?;i24mogz3_010789_0101FE_956F_Orb_5tack_ifg
v | Save as: - 5
3. |n I/O quqmeiers Tqb, SeleCT The “Orb_STGCk” I?/ieric”t:z;eam/My Drive/Courses/ARSET/InSARdata/SNAPtest/SNAPtest | ...
product created by the coregistration step . onen in snAp

— By default, the output target is in same
directory and adds “ifg” to the name

— For basic processing, no need to change
defaults in Processing Parameters tab

Run Close

NASA's Applied Remote Sensing Training Program
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Interferometric Processing
TOPS Deburst
1.

Merge all burst data into a single image,
apply the TOPS Deburst operator from the
Sentinel-1 TOPS menu.

From the top main menu bar, select Radar,
then Sentinel-1 TOPS, then $1 Tops Deburst,

In 1/O Parameters tab, select the "ifg’

NASA's Applied Remote Sensing Training Program

File Help

Processing Parameters

Source Product

source:
[1] S1A_IW_SLC__1S5V_20160412T140755_2016... <

Target Product
Mame:

0160412T140823_010789_0101FE_956F_Orb_Stack_ifg_deb

+| Save as: BEAM-DIMAP o
Directory:
Jrive/Courses /ARSET/InSARdata/SMNAPtest/SNAPtest | ...

+| Open in SNAP

Run Close
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Interferometric Processing

Viewing Differential Interferogram — Phase Image

W [4] FNASE_IIY_IWZ _VV_I1ZAPIZV ID_UDVIAYZU 1D -~ DIA_IVV_DLL__IDDV_LVU IDUA 1L 14U/D0_LUIDUA 1ZL] 14UBLS_ VIV/BY_V IVIFE_YD0r_UID_DLECK_IIg - /VOIUITIES/LOLYIEUIIVE/IVIY UIIVE/LOUTSES/AKD...

Fhd PR IOk b e £ v+ cwanm 0

Product Explorer

Pixel Info

» [ Quicklooks
» (21 Bands
& [2] SIAIW_SLC__1SSV_20160412T140755_20160412T140823_010789_0101FE_956F
= 3] SIA_IW_SLC__1SSV_20160412T140755_20160412T140823_010789_0101FE_956F_Orb_Stack
» (3 Metadata
» (3 Vector Data
» (23 Tie-Point Grids
» (21 Bands
= [4] SIA_IW_SLC__1SSV_20160412T140755_20160412T140823_010789_0101FE_956F_Orb_Stack_ifg
» (1 Metadata
» (@ Vector Data
» (2 Tie-Point Grids
v & Bands
[ i_ifg_IW2_VV_12Apr2016_06May2016
B q_ifg_IW2_VV_12Apr2016_06May2016
) Intensity_ifg_IW2_VV_12Apr2016_06May2016
[ Phase_ifg_IW2_VV_12Apr2016_06May2016
B coh_IW2_VV_12Apr2016_06May2016

Navigation - [4] Ph... | Colour Manipulation... | Uncertainty Visualis... ] World View [ Quicklooks g:;} 5

San Francisco

San Jose

Off Globe
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Interferometric Processing

Topographic Phase Removal

1. Next step for all inferferometry is o remove ane Help
the topographic phase using a DEM. VTl Frocessing Parameters

2. From the top main menu bar, select Radar et
> |n-|-erferome-|-ric > Producfs > Topogrqphic [5] SIA_IW_SLC__1SSV_20160412T140755_20160412T140823_0... & ..
Phqse RemOVGI Target Product
Name:

40755_20160412T140823_010789_0101FE_956F_Orb_Stack_ifg_deb_dinsar

v Save as: BEAM-DIMAP )
Directory:
rive_JPL/data-Drive/Mud_Creek_S1/SNAP_processing/Mud_Creek_S1 | ...

v Open in SNAP

Run Close

NASA's Applied Remote Sensing Training Program
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Interferometric Processing

Topographic Phase Removal

5. In1/O Parameters tab, select the File  Help
“Orb_Stack_ifg_deb"” product created by Ty — L s
the deburst step or "Stack_ifg” if not TOPS Source Product
Source product:
mOde [5]S12\_IW_SLC__1SSV_20160412T140755_20160412T140823_0... Tl ...
— By default, the oufput target adds raroet Product
“dinsar” to the name Name:
. 40755_20160412T140823_010789_0101FE_956F_Orb_Stack_ifg_deb_dinsar
— The Processing Parameters tab shows the N v Diwar 5
default is fo download SRTM 3-arcsecond Directory:

rive_JPL/data-Drive/Mud_Creek_S1/SNAP_processing/Mud_Creek_S1 | ...

DEM, which is fine for basic processing
but landslides may require SRTM 1-
arcsecond DEM to get better resolution

v| Open in SNAP

Run Close
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Interferometric Processing

.

Fillering and Multi-Looking Interferogram

1. Two steps can reduce the noise level in the interferogram, filtering and multi-
looking. We apply filtering first, but you can also do mulfi-looking first.

2. From the top main menu bar, select Radar, then Interferometric, then Filtering,
and then Goldstein Phase Filtering

— In 1/O Parameters tab, select the “ifg_deb” product created by the previous
step

— By default, the output target adds “flt"” to the name

— For landslide processing, it is better to change defaults in Processing
Parameters tab

h NASA's Applied Remote Sensing Training Program SVA
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Interferometric Processing

.

3. Multi-looking is averaging multiple pixels in each direction, what radar engineers
call "taking multiple looks”. It results in larger pixels and can greatly reduce the
noise.

— The amount of multi-looking you should do depends on the spatial resolution you
need and the spacing of the fringes

— Landslides are generally small compared to Sentinel-1 resolution, so do less
multilooking than for other INSAR targets

Fillering and Multi-Looking Interferogram

h NASA's Applied Remote Sensing Training Program
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Interferometric Processing

Multi-Looking Interferogram

1. The Mud Creek landslide is ~500 m long and Bd :elp Multiooidng
~500 m wide
1/O Parameters
2. From The TOp m(]iﬂ menu bCII', S@'GCT RCIdCIl' Source Bands: i_ifg_IW2_VV_12Apr2016_06May2016
fnen SAR Utilies fnen Mulfilooking

Phase_ifg_IW2_VV_12Apr2016_06M...

— In1/O Parameters tab, select the
“ifg_deb_flt" product created by the filtering

step and, by default, the output target adds

GR Square Pixel Independent Looks
“ML” TO The Nname Number of Range Looks: 4
— In Processing Parameters tab, select Source Humbsroiaimutitecksd |
Mean GR Square Pixel: 14.324733

Bands “i_ifg”,"qg_ifg”, and “coh”. For this
scene, | use 4 range looks and 1 azimuth Note: Detection Torcompicats
looks to give ~14 m output pixels Is done without resampling.

— Don’t choose “Phase” or “Intensity” bands! B | cos

Output Intensity

NASA's Applied Remote Sensing Training Program
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Interferometric Processing
Viewing Multi-Looked Interferograms

1. First, we need to make a new virtual phase
band after multi-looking the complex
interferogram

2. Selectthei_ifg_VV or g_ifg_VV band

3. From the top main menu bar, select
Raster, then Data Conversion, then
Complex i and g to Phase

4. Now you can display the new phase band
» The fringes are much less noisy

« Aspect ratio has changed so the pixels are
roughly square on the ground

NASA's Applied Remote Sensing Training Program
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Interferometry Data Preparation

Creating a Subset

1.

To analyze a single landslide you can
create a subset around the area of
interest. This will save unwrapping
and later processing time.

Click Raster > Subset > Geo
Coordinates > enter "North; 35.89,
South: 35.82, West: -121.46, East: -
121.39"

NASA's Applied Remote Sensing Training Program
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Interferometric Processing
Phase Unwrapping: SNAPHU plugin for SNAP 7.0

* Installation and usage instructions:

— This plugin is now available under SNAP plugins. The SNAPHU Unwrapping plugin
can be installed from Tools > Plugins > Available Plugins.

« Choose the plugin, click “Install” and follow the installation procedure. Restart
SNAP when SNAPHU Unwrapping installation is finished.

« Once installed the plugin will be available under Radar > Interferometric >
Unwrapping > Snaphu-unwrapping*
— * When running SNAPHU Unwrapping tool for the first time the user will be nofified
about the need to set up working path for the plugin
— Click OK and proceed with bundle download/installation

— After these steps the plugin will be ready use. On Linux, after the plugin
installation, make sure to add the execute permission on snaphu script under
: $HOME/ .snap/auxdata/snaphu-v1.4.2_linux/bin before starting to use the plugin.

NASA's Applied Remote Sensing Training Program S7 NG
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Interferometric Processing

.

Phase Unwrapping

» Before unwrapping a product has to be exported using Snaphu Export
— Radar > Interferometric > Unwrapping >Snaphu Export

« When the export is done, the Snaphu Unwrapping can be executed
— Radar > Interferometric > Unwrapping > Snaphu-unwrapping

h NASA's Applied Remote Sensing Training Program
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Interferometric Processing

.

Phase Unwrapping

« On the first tab, select the product previously exported with Snaphu Export (e.g.
Phase.hdr)

« On the parameters tab select the output folder

— In order to be able to open the unwrapped product, it is mandatory to select as
an output folder the same folder where your exported files (e.g. phase.img,
snaphu.conf efc.) are located

— You can also check “Display execution output” in order to be able to view the
log and the unwrapping execution progress.

 Then click “Run”

« After the phase is unwrapped it can be imported to SNAP for further analysis using
Radar > Interferometric > Unwrapping > SNAPHU Import (for using the unwrapped
output product in SNAPHU Import, make sure to previously save it)

h NASA's Applied Remote Sensing Training Program
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Interferometric Processing

Phase Unwrapping

. Older SNAP 6.0 does not include phase unwrapping
plugin. It has way to export interferogram to unwrap
with third-party program Snaphu (Statistical-cost,

Initial method: MCF

Network-flow Algorithm for Phase Unwrapping) by umberofTeons:
Chen Ond Zebker. Number of Processors:
1. From the fop main menu bar, select Radar >

Tile Cost Threshold:

Interferometric > Unwrapping > Snhaphu Export.

2. Inthe Read tab, select the "ML" product created by

Th e m U H-i | O O ki n g STe p Error: [Nodeld: SnaphuExport] Please add a target folder
@I Help r:> Run

3. In Snaphu Export tab, change the Stafistical-cost
mode to “SMOQOTH"

4. Also change the number of tile rows and columns
and number of processors to “1" because we don't

need mulfiple tiles after multilooking and subsetting
NASA's Applied Remote Sensing Training Program
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.

Interferometric Processing

Phase Unwrapping

5. In Snaphu Export tab, you also need to specity
a target folder for exported files. | put the

File: snaphu_unw

Snaphu files in a separate folder (here called demo :
“snaphu unw'), SO You need o create it either — ~ T Dare odied

_ . . . R demo_proj Thursday, July 26, 2018 3:04 PM
from the selection dialog or in another window. der re T o 26 2018 308

6. The Snaphu Export pop-up dialog does not
work quite right in SNAP 7.0 on MacOS.

Workaround:

— Navigate to directory that includes the
“snaphu unw"” folder

— The “select” button won't work to chose the New Folder
"snaphu unw’ folder

— Type “snaphu unw" in the File: box at the
top, then choose Select

h NASA's Applied Remote Sensing Training Program 61 NG,
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Interferometric Processing

.

/. Now you can press Run button and SNAP exports the inferferogram phase and
coherence with a “snaphu.conft” file

Phase Unwrapping

8. Now, we import the unwrapped phase. From the fop main menu bar, select
Radar, then Interferometric, then Unwrapping, and then Snaphu Import.

9. The Read-Phase tab should be set to the wrapped product that you exported.
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Interferometric Processing

Phase Unwrapping

]O° |n The Reqd-unwrapped-Phase TGb' 1-Read-Phase - ic:c-_-zccec-rzs: 3-Snaphulmport  4-Write
SeleCT The Uﬂerpped Source Source Product
. Name:
prOdUCT [3]1 S1B_IW_SLC__1SDV_20180205T003836_20180205T003906_009481_0110E0... ¢ | ...
— Navigate to folder where you N
expor'l'ed for Sﬂ(]phu 1 File: "V_05Feb2018_17Feb2018.snaphu.hdr
- SeleCT The S1B_IW_SLC__1SDV_20180... £
“UnwPhase ifg*.snaphu.hdr” file ~ Name ~ Date Modfed
— % coh_IW1_VV_05Feb2018_17Feb201... Thursday, July 26, 2018 3:20 PM
& coh_IW1_VV_05Feb2018_17Feb201... Thursday, July 26, 2018 3:20 PM
] ] . GO '|'O Wri‘l‘e T(]b C”’]d CheCk prOdUC'l' % Phase_ifg_VV_05Feb2018_17Feb20... Thursday, July 26, 2018 3:20 PM
" " & Phasa:]_ifg_vf\l_OSFeb2018_17Feb20... I:ursgay,Ju:ygg, ;giz ;;g :m
oufput name (I add "_unw™ fo S iy ey iy 26 2018 325
wrapped product name, so | get @ B UnPhas i V¥ DSFeb2018, 17 Thursday, iy 26, 2018 528 P
new prodUCT) Error: [ 05T0...
File Format: = All Files s

. New Folder Cancel Select .
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Interferometric Processing
Phase Unwrapping

12. Finally, we can display the unwrapped
phase

13. Select the Unw_Phase_ifg band

14. Go to the Colour Manipulation tab and
select "95%" to stretch color scale, then
adjust sliders to best show landslide

—  Unwrapped phase is still in radians

— Phase is reference image minus
coregistered image. If reference
Image is earlier, then negative phase is
land moving toward satellite (negative
range change)

NASA's Applied Remote Sensing Training Program

Product Explorer © | Pixel info (3] Phase_ifg_ or 06 16 €3] @ (5] Unw_Phase_ifg_12Apr2016_06May2016
» & [1]S1A W SLC_1S5V_20160412T140755_20160412T140823_010 -/ o ol LA g oy P
» & [2]S1A_W_SLC_155V_20160412T140755_20160412T140823_014 : . B 4 4
& (3] S1A_W_SLC_1S5V_20160412T140755_20160412T140823_014
& [4] subset 2_of SIA_W_SLC_15SV_20160412T140755_20160412T
& (5] subset_2_of SIA_W_SLC_155V_20160412T140755_20160412T)
» O Metadata
» (3 Vector Data
» (O Tie-Point Grids
v & Bands
@ iifg_VV_12Apr2016_06May2016
@ q_ifg W_12Apr2016_06May2016
B Intensity_ifg_VV_12Apr2016_06May2016
@ coh_IW2_VV_12Apr2016_06May2016
@ Phase_ifg VW_12Apr2016_06May2016
@ Unw_Phase_ifg_12Apr2016_06May2016

4vvy

_Navigation - [... | Colour Mani_ " | Uncertainty Vis... |  World View
Editor:  Basic ) Sliders Table
w_Phase_ifg_12Apr2016_06May2016

# More Options
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Interferometric Processing
Phase to Displacement

1. We can convert the unwrapped
phase to displacements. From the
top main menu bar, select Radar,
then Interferometric, then Products,
and then Phase to Displacement.

— The I/O Parameters tab should be
set to the unwrapped product that
you imported.

— default for target product name is
to add "_dsp” to the name

NASA's Applied Remote Sensing Training Program

Product Explorer € | PixelInfo

» & [4] subset_2_of S1A_IW_SLC_ 1SSV_20160412T140755_20
¥ = [5] subset_2_of S1A_IW_SLC_1SSV_20160412T140755_20

@ i.ifg_VV_12Apr2016_06May2016

B q_ifg VV_12Apr2016_06May2016

@ intensity_ifg_VV_12Apr2016_06May2016

B coh_W2_VV_12Apr2016_06May2016

[ Phase_ifg_VV_12Apr2016_06May2016

B unw_Phase_ifg_12Apr2016_06May2016
6] SIA_W_SLC__1S5V_20160412T140755_20160412T140823_0

16041
16041;

Navigation = [7... | Colour Mani... £} | Uncertainty Vis... World View
Editor:  Basic @ Sliders Table

Name: displacement
Unit: meters

Min: -0.145

Max: 0.051

Rough statistics!

% More Options

2@

9% 100%

) | B 5] unw._Phase_ifg_12Apr2016_06May2016 | @ (7] displacement £
» & [3] SIA_W_SLC_1SSV_20160412T140755_20160412T140823_0 - M AEPRTT
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Interferometric Processing
Phase to Displacement

2. Now, we can display displacement
band of result. Again, better to
stretch colors.

— Displacements now in meters.

— Sign was changed so positive
displacement is towards satellite
(Up or east on this track)

NASA's Applied Remote Sensing Training Program

Product Explorer © | Pixel Info se_ifg_12Apr2016_ 2 \| @ (7) displacement £
» & (3] SIA_W_SLC_1SSV_20160412T140755_20160412T140823_0 60, &) X IR T L
» & [4] subset_2_of S1A_IW_SLC_1SSV_20160412T140755_2016041
¥ & [5] subset_2_of S1A_W_SLC__1S5V_20160412T140755_2016041
» O Metadata
» (3 Vector Data
» (3 Tie-Point Grids
¥ & Bands
@ iifg_WV_12Apr2016_06May2016
B q_ifg VV_12Apr2016_06May2016
@ intensity_ifg_VV_12Apr2016_06May2016
B coh_W2_VV_12Apr2016_06May2016
[ Phase_ifg_VV_12Apr2016_06May2016
=] Unw_Phase_ifg_12Apr2016_06May2016
» & [6] SIA_W_SLC_155V_20160412T140755_20160412T140823_0
¥ & (7] subset_2_of S1IA_IW_SLC_1SSV_20160412T140755_2016041:
» (2 Metadata
» (3 Vector Data
» (2 Tie-Point Grids
v &3 Bands

[i= W displacement

Navigation - [7... | Colour Mani... © | Uncertainty Vis... |  World View
Editor:  Basic @ Sliders Table

(555%)
wall

Name: displacement
Unit: meters

Min: -0.145

Max: 0.051

Rough statistics!
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Interferometric Processing

Geocoding results—Terrain Correction

Range Doppler Terrain Correction

1. SNAP calls geocoding with topography “Terrain e e
Correction.” From the top main menu bar, select R
Radar, then Geometric, then Terrain Correction, ™™
and then Range-Doppler Terrain Correction.

- The I/O quameters TOb ShOUld be Se-l- TO The Digital Elevation Model:
displacement product that you imported (or BLINEAR INTERPOLATION B
Oﬂe O.I: .I.he O.I.her ML prOdUCTS). Image Resampling Method: BILINEAR_INTERPOLATION

— default for target product name is to add e e
H_TC 1 .I.O .I.he nO me Map Projection: WGS84(DD)

Mask out areas without elevation Output complex data

— Under Processing Parameters tab, select

Selected source band DEM Latitude & Longitude

Source Bands and any additional Oufpuf Incidenc.eang\%frome\li.pso-id el T el @ S s e
Bands. You can choose DEM (SRTM 1Sec HGT
is actually 1-arcsecond or 30 m), output

Save Beta0O band

spacing (15 m), and map projection.

RGN cose
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Interferometric Processing
Geocoding results—Terrain Correction

2. Now, we can display
displacement_vv band of geocoded
result. Again, better to stretch colors.

— Displacements in meters with
positive values towards satellite in
Line-of-Sight direction (up or east).

— Product is now evenly spaced in
latitude and longitude at roughly
15 meter spacing (1.35x104
degrees).
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» & [6] S1IA_W_SLC_1S5V_20160412T140755_20160412T140823_0
¥ & (7] subset_2_of SIA_W_SLC__15SV_20160412T140755_2016041;

Product Explorer © | Pixelinfo U] (5] Unw._Phase_ifg_12Apr2016_06May2016 < | (7] displacement | [] (8] displacement_W
» O Tie-Point Grid:
¥ & Band

@ iifg_VV_12Apr2016_06May2016

B q_ifg_VW_12Apr2016_06May2016

@ intensity_ifg_VV_12Apr2016_06May2016
B coh_Iw2_VV_12Apr2016_06May2016
@ Phase_ifg_VV_12Apr2016_06May2016
@ unw_Phase_ifg_12Apr2016_06May2016

» (O Metadata
» O Vector Data
» @ Tie-Point Grids
v & Bands
[ displacement
¥ & (8] subset 2_of SIA W_SLC_1SSV_20160412T140755_2016041.
» O Metadata
» (3 Vector Data
¥ & sands
@ displacement WV

Navigation - [8... | Colour Mani... © | Uncertainty Vis... |  World View

Editor;  Basic ) Sliders Table

Name: displacement_W Q
. meters
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