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INSAR Processing Steps

Co-register the two radar images,

Form the complex interferogram and construct interferometric phase, amplitude
and coherence;

Post-processing to remove the topographic phase and filter the interferogram;

Unwrapping to convert the interferometric phase into line-of-sight (LOS)
displacement;

Geocoding to switch the radar image coordinates into geographic coordinates



Processing workflow

1. Data input

2. Preprocessing
1. Create subset (optional)
2. Automatic Coregistration

Interferogram generation
Removal of topographic phase
Phase filtering

Multilooking

Phase unwrapping via Snaphu

Conversion of unwrapped phases to vertical displacement values

o K N O VoW

Geocoding

10.Export to Google Earth



° 5
o A% ',o Kad l‘.'o
3 LUIS Mexico Tah
|'< 1D
o Lo
AQUAK S te
o
° o
* Iadalajara rapuat )
y )
a ° Rx &
=] o o
yama )
Mocy , agna g
o
o S of 12
ianzani R 0'. | ° JOPD o
° »
o At nzaba
o
) yroenas
)
' \
Wpancing
]
Jor I H
e \re2 o
o
|

Land subsidence in Mexico City

Image Source: JOSH HANER/THE NEW YORK TIMES (http://www.sciencemag.org)



Data Used

* Two Sentinel-1A images acquired on June 6, 2016 and September 10,
2016 (downloadable @ https://vertex.daac.asf.alaska.edu/)

STA_IW_SLC__1SSV_20160606T122537_20160606T122601_011590_011B5B_Eb555.zip
STA_IW_SLC__1SSV_20160910T7T122542_201609107T122606_012990_0148FA_r6D7 .zip


https://vertex.daac.asf.alaska.edu/
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Create Subsets

Radar Tools Window Help

Apply Orbit File @ |[§_)_ Ii‘x&

Radiometric >

#

Y %

Speckle Filtering >

Coregistration >

Interferometric 2

Polarimetric ’

Geometric ?

Sentine-1TOPS > | 5.1 5LC to GRD
ENVISAT ASAR 4 5-1 Slice Assembly
SAR Applications > 5-1 TOPS Split
SAR Utilities ? 5-1 TOPS Deburst

5-1 TOPS Merge

5-1 Remove GRD Border Noise
5-1 TOPS DerampDemod

5-1 EAP Phase Correction




Apply Orbit File

* The first processing step is to apply the orbit files in Sentinel-1 products in order to provide
accurate satellite position and velocity information.

Radar Tools Window Help
Apply Orbit File
Radiometric > E

Speckle Filtering >

Coregistration >
Interferometric >
Polarimetric >
Geometric >

Sentinel-1 TOPS >
ENVISAT ASAR >
SAR Applications >
SAR Utilities >



Coregistration

* The phase difference is determined at pixel level on the two images, therefore
pixels must correspond.

Radar Tools Window Help

Apply Orbit File | I |# v % % % ,% Gg [ ;{ % o )

Radiometric >

Speckle Filtering >

Coregistration > Coregistration
Interferometric ’ 51 TOPS Coregistration > 5-1 TOPS Coregistration
Polarimetric ? DEM-Assisted Coregistration > 5-1 TOPS Coregistration with ESD
Geometric >

| Stack Tools ’ S-1 Back Geocoding
Sentinel-1TOPS > Cross InSAR resampling

5-1 Enhanced Spectral Diversity
5-1 Azimuth Shift Estimation

ENVISAT ASAR >
SAR Applications >

SAR Utilities 5-1 Double Difference Interferogram

L



Apply Orbit File
Radiometric
Speckle Filtering
Coregistration
Interferometric
Polarimetric
Geometric
Sentinel-1 TOPS
ENVISAT ASAR
SAR Applications
SAR Utilities

Radar Tools Window Help
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>
>

Form the Interferogram

Products

Filtering

Unwrapping
PSIN\SBAS

InSAR Stack Overview

Interferogram Formation
Coherence Estimation
Topographic Phase Removal
Three-pass Differential InSAR
Phase to Height

Phase to Displacement
Phase to Elevation

Integer Interferogram Combination



TOPS Deburst

Radar Tools Window Help

appiyOvitFie | @ 1@ w 14 T D W

Radiometric

Speckle Filtering >
Coregistration >
Interferometric >

Polarimetric >

Geometric >

Sentinel-1 TOPS > 5-1SLC to GRD
ENVISAT ASAR > 5-1 Slice Assembly
SAR Applications > S-1 TOPS Split
SAR Utilities d 5-1 TOPS Deburst

S-1 TOPS Merge

5-1 Remove GRD Border Noise
5-1 TOPS DerampDemod

5-1 EAP Phase Correction




Remove Topographic Phase

Radar Tools Window Help

Apply Orbit File Pl TRELASE ;‘C |~
Radiometric >
Speckle Filtering >
Coregistration >
Interferometric > Products > Interferogram Formation
Polarimetric » Filtering 4 Coherence Estimation
Geometric ¢ Unwrapping > Topographic Phase Removal
Sentinel-1TOPS > PSISBAS » Three-pass Differential InSAR
ENVISATASAR > | InSAR Stack Overview Phase to Height
SS:E i'l‘g:::;:t'ﬂm i Phase to Displacement

] Phase to Elevation

Integer Interferogram Combination



Multi-looking

Radar Tools Window Help

Apply Orbit File ®PwlE Y G

Radiometric »

Speckle Filtering >

Coregistration >
Interferometric »
Polarimetric »
Geometric >

Sentinel-1TOPS >
ENVISAT ASAR »
SAR Applications >
SAR Utilities > || Resampling > |
| Auwxiliary Files >
Complex to Detected GR
Multilooking




Phase Filtering

Radar Tools Window Help

Apply Orbit File | @ @ e | Y % ig ]

()=
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Radiometric »

Speckle Filtering >

Coregistration >

Interferometric > || Products >

Polarimetric > Filtering > Spectral Filtering
Geometric > Unwrapping > Goldstein Phase Filtering
Sentinel-1TOPS > PSI\SBAS > |

ENVISAT ASAR > InSAR Stack Overview

SAR Applications > |
SAR Utilities >




Interferogram

SNAP

Eile Edit View Analysis L

ayer Vector Raster Optical

Radar Tools Window Help
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SNAPHU Export

Radar Tools Window Help

Apply Orbit File @@ML{ Y %%%452

Radiometric >

Speckle Filtering >

Coregistration >

Interferometric » Products »

Polarimetric » Filtering ?

Geometric ? Unwrapping > | Snaphu-unwrapping
Sentinel-1 TOPS > PSIN\SBAS > Snaphu Export
ENVISAT ASAR > INSAR Stack Overview Snaphu Import

SAR Applications >

SAR Utilities >




Phase Unwrapping

Radar Tools Window Help

Apply Orbit File
Radiometric

Speckle Filtering
Coregistration

Interferometric

o

Polarimetric
Geometric
Sentinel-1 TOPS
ENVISAT ASAR
SAR Applications
SAR Utilities

W oW || W | W

OPkl~T %

O
oo
0

Products
Filtering
Unwrapping

>
>
> |

W W W W

PSI\SBAS
InSAR Stack Overview

>

Snaphu-unwrapping

Snaphu Export
Snaphu Import




SNAPHU Import

Radar Tools Window Help

Apply Orbit File @ ],@ e 1# ¥ q i'h :15 % sg

Radiometric

Speckle Filtering >

Coregistration >

Interferometric > | Products >

Polarimetric > Filtering >

Geometric > Unwrapping > Snaphu-unwrapping
Sentinel-1 TOPS  » PSINSBAS > Snaphu Export
ENVISATASAR > InSAR Stack Overview | Snaphu Import

SAR Applications > |
SAR Utilities >




Displacement Map

Radar Tools Window Help

wvosife | @ @ lw X T G0 A B B
Radiometric > . |
Speckle Filtering >
Coregistration »
Interferometric > Products > Interferogram Formation
Polarimetric > Filtering ’ Coherence Estimation
Geometric > Unwrapping 4 Topographic Phase Removal
Sentinel-1TOPS > PSNSBAS ? Three-pass Differential InSAR
ENVISATASAR > InSAR Stack Overview Phase to Height
SAR lications > |

AF'P ' ! Phase to Displacement
SAR Liilities > :

Phase to Elevation

Integer Interferogram Combination



Displacement Map

SNAP

WNAF

File Edit view Analysis Layer Vector Raster Optical Radar Tools Window Help
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Geocoding

Radar Tools Window Help

Apply Orbit File @ ]1@ e [# ¥ % ig :

-
&
o
o
*3,
38
B

Radiometric ’

Speckle Filtering  »
Coregistration >
Interferometric >

Polarimetric »

Geometric » Terrain Correction > Range-Doppler Terrain Correction
Sentinel-1 TOPS > Ellipsoid Correction > SAR Simulation

ENVISAT ASAR > SAR-Mosaic SAR-Simulation Terrain Correction
SAR Applications > SAR Mosaic Wizard

SAR Utilities ’ ALOS Deskewing

Slant Range to Ground Range

Update Geo Reference



Geocoded Map

IFile Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

a & D @ | 4 & o

Product Explorer X | Pixel Info
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Convert to KM/Z

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

& Open Product... h | . ) A [ oA m E@ LN_V“ l_..e-‘ ¥

Reopen Product H]

[1] displacement_W X |

‘4 Product Library

Close Product

Close All Products

Save Product

Save Product As...

Session ?

Projects >

Import »

Export 4 Other 2 Colour Legend as Image

Exit S5AR Formats ’ Colour Palette as File
SMOS EE Files to NetCDF... Geo-Coding as ENVI GCP File
GDAL
SMQS Grid Points ...
JPEG-2000

¢ ? csv

GeoTIFF / BigTIFF e —
BEAM-DIMAP View as Google Earth KMZ




Assignment!

* Create one single graph for all these operations using Graph Builder.
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