Practical Exercise

Measuring Ground

Deformation

November 2016
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Goals of the Exercise

— Familiarize with open source ESA
SNAP/Sentinel-1 Toolbox

— Training on TOPS Differential SAR
Interferometry (DINSAR) for
measuring ground deformation

— Provide instruction on step-by-
step interferometric processing
of Sentinel-1 TOPS data (incl.

parameters, tips etc.)

— End-to-end show case (Fogo
Volcano eruption)

Contains modified
Copernicus Sentinel data [2014]
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Input Dataset

— A set of Sentinel-1A SLCs YYYYMMDDTHHMMSS
S1A_IW_SLC_ 1SSV _20141103T195043 20141103T195057 003122_00395A F396.zip
S1A IW_SLC 1SSV 20141127T7195042 20141127T195056_ 003472 004117 2B48.zip
[downloadable @ https://scihub.esa.int]

— Sentinel-1 Precise Orbits (PODs) for the corresponding S1A dates (auxiliary
data)

S1A_OPER_AUX_POEORB_OPOD_*.EOF.zip
[downloadable @ https://qc.sentinell.eo.esa.int]
[stored locally @ C:\Users\#username#\.snap\auxdata\Orbits\Sentinel-1\POEORB\2014]

— Digital Elevation Model (DEM) dataset from SRTM 3 arc-sec covering the
Area of Interest (auxiliary data)

srtm_32 09.zip & srtm_32 10.zip
[stored locally @ C:\Users\#username#\.snap\auxdata\dem\SRTM 3Sec]
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EXERCISE
Sentinel-1 TOPS
Interferometry with S1TBX

PART 1
TOPS InSAR Processing

PART 2
Phase Unwrapping using SNAPHU

PART 3
Displacement Measurements & ))
Terrain Geocoding

Geocoded Terrain Corrected
S1 TOPS Ground Displacement Map
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EXERCISE

PART 1
Sentinel-1 TOPS InSAR Processing
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EXERCISE Processing Steps (PART 1)

— Split IW Subswath (incl. Polarization) over AOI

— Update Orbit State Vectors

— Backgeocoding (DEM-assisted coregistration)

TOPS

— Correct for Range and Azimuth Shifts (ESD algorithm) Coregistration

— Interferogram Generation (incl. Coherence)

— Goldstein Phase Filtering
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Read Sentinel-1 SLC Products (directly *.zip files)

AP - "IEN

v e

LC__155V_20141103T195043_20141103T195057_003122_00395A_F396.zip
LC__155V_20141127T195042_20141127T195056_003472_004117_2B48.zip

1ebeuey el L | Jabeuey eAe ([} | i g Pnposd

| Al Fles

Slide 8

— 0l b z= ™ L I W := "Il C =Bl T i K2 I+l




Sentinel-1 IW TOPS (Swath of 250km)
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Splitting S1 SLC Products (@Subswath and Burst level)
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Splitting S1 SLC Products (@ Subswath and Burst level)

Selection of sub-swath (IW1, IW2 & IW3), burst and polarization (VV & VH)

File Help

1O Parameters | processing Parameters

Source Product
soUrce:

| (1] 51A_Tw_SLC__155v_20141103T195043_20141103T195057_003122_00335A_F356

Target Product
MName:

|s1a_1w_5Lc_1ssv_zn 1411037195043_20141103T195057_003122_003954_F39s[EERT]

Tseve z

Directory:

|C:\Users‘mﬁnumelis

[+] Open in SMAP

Il b c= ™ - 1 ™= = " 1111

E=

I+l
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Splitting S1 SLC Products (@ Subswath and Burst level)

nation\processed\S1A_IW_SLC_1SSV_20141127T195042_20141127T195056_003472_004117_2B48_IW3_VV _Orb.dim] - SNAP - &
Q- search (Ctr+])

ke ([} | haeigr pnposg G0

sabeueypsey Iy | Jebeueyy
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Update Orbital Information (Orbit State Vectors)

nation\processed\STA_IW_SLC_ 1SSV_20141103T195043_20141103T195057_003122_00395A_F396_IW3 VV.dim] - SNAP - o
~ Search (Cirl+T)

JzBeep sel I | Jebeuey Jaie [[f) | Adeig] Pnpoid &
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S1 Precise Orbits (https://gc.sentinell.eo.esa.int)

Automatically adding suffixes (product_*) indicating processing implemented

File Help

IO Parameters | Processing Parameters

File Help

IjO Parameters | Processing Parameters

Source Product

source:

| [3] 51A_IW_SLC__155V_20141103T195043_20141103T195057_D03122_00395A_F395_IW3_W

vl

Target Product
Mame:

|S 1A_IW_SLC_ 155V_20141103T195043_20 141m3r]3505?_003122_00395A_F396_IW3_W

] sove

Directory:

|C:Wsers‘u11foumelis

[+] Open in SNAP

Orbit State Vectors:
Palynomial Degree:

3

[] Do not fail if new orbit file is not found

— 0l b c= 8 4 I W= "Il - 2

== I+l
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Back-geocoding TOPS SLCs (Geometric Co-registration)

nation\processed\STA_IW_SLC__1SSV_20141127T195042_20141127T195056_003472 004117_2B48_IW3_ VW Orb.dim] - SNAP - O
Q- search (Ctr+])
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Back-geocoding TOPS SLCs (Geometric Co-registration)

ProductSet-Reader | Badk-Geocoding | Write |

File Name
S1A_TW 5Lt
S1A_TW _SLe
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S1 TOPS Co-registered Stack

N

NO DATA areas between S1 bursts
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Improvement of Co-registration Accuracy
Enhanced Spectral Diversity (ESD)
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Enhanced Spectral Diversity (ESD) algorithm

Implementation of the

Enhanced Spectral Diversity (ESD)
algorithm for correcting shifts in S
range and azimuth direction
considering the burst overlap areas

Mumber of Windows Per Overlap for ESD: |

[] Use user supplied shifts

The overall azimuth shift:

The overall range shift:
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S1 TOPS ESD Co-registered Stack

TOPS interferometry
requires coregistration
accuracy <0.005 pixel
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Alternative Option for TOPS Coregistration (all-in-one)

acoding | Erhanced-Gpectral-Diversity | Wirite |

Lat —Llen - Zoom —- Level — @
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Sentinel-1 TOPS Interferogram Generation

nation\processed\coregi_stack esd.dim] - SNAP - o
Q» Search (Ctrl+)

W

»

3

z

&

Fl

=4

=

@

=

]

a

e

=

i

S

g

L
! Sizes
Run Close
Off Globe

X —¥ — Lat —Llon - Zoom - Level - @
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Sentinel-1 TOPS InSAR (InSAR Phase & Coherence)

Slide 23

— 0l e = 4 == " Il o ==0112T5 20 I+l



Sentinel-1 TOPS Deburst
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Sentinel-1 TOPS Deburst

File Help

File Help

10 Parameters | Processing Parameters |
Polarisations: [

IO Parameters | Processing Parameters

Source Product
source:
\[5] coregi_stack_esd_ifg

Target Product
MName:
|coregi_513dc_esd_ifg

Save as: BEAM-DIMAP
Directory:
|C:‘|tU5ers‘u11meElis

[+] Open in SMAP
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S1 Debursted Products (InSAR Phase & Coherence)
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Goldstein Phase Filtering (Adaptive Filter)

Lat —Llen - Zoom —- Level — @
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S1 Filtered InSAR Phase
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Topographic Phase Removal (Differential InSAR Phase)

eueyy i@he ([} | Alegr Jnpo.

abevey ey By | e
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Topographic Phase Removal (Differential InSAR Phase)

File Help File Help

I/ Parameters | Processing Parameters 1jO Parameters | Processing Parameters |
Source Product Orbit Interpolation Degree: |3
Source product: Digital Elevation Model:  |sRTM 3Sec (Auto Download)
' [10] coregi_stack_esd_ifg_deb — : topo_shase

Tile Extension [¥c] | 100
Target Product
MName:
\coreqi_stack_esd_ifg_deb|IEiEE

Save as: BEAM-DIMAP v/
Directory:
|C:‘4Jsers‘u1‘|Foumelis

[#] Open in SNAP

Slide 30
— 0l e c= ' W= "Il =011

— == I+l



Differential Interferogram & Simulated Topo Phase
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Differential Phase Filtering (Goldstein Filter)

File Edit View Analysis Layer Vector Raster Optical

a% BB AT BRI

Radar | Tools Window Help

Product Explorer X | Pixellnfo |

[ =1
=1
="
="
e
(8=
a8 =1
g
[ =1
[ =1
=1
="

[1] S1A_TW_SLC__1S5V_20141103T195043_2014110)
[2] S1A_TW_SLC__1S5V_20141127T195042_2014112]
[3] S1A_TW_SLC__155V_20141103T135043_2014110)
[4] 51A_IW_SLC__155V_20141127T195042_2014112
[5] S1A_TW_SLC__155V_20141103T195043_2014110)
[5] S1A_IW_SLC__155V_20141127T195042_2014112]
[7) coregi_stack

[8] coreqi_stack_esd

[9] coreqi_stack_esd_ifg

[10] coregi_stack_esd_ifg_deb
[11] coreqi_stack_esd_ifg_deb_fit

Apply Orbit File
Radiometric

Speckle Filtering
Coregistration
Interferometric
Polarimetric

Geometric
Sentinel-1TOPS
ENVISAT ASAR

SAR Applications

SAR Utilities

SAR Wizards
Complex to Detected GR
Multilooking

hvE9eis NMEHD

Search (Ctrl+)

Spectral Filtering

Galdstein Phase Filtering

bal Products v

» || Filtering Y
» Unwrapping v
G PSINSBAS »

G InSAR Stack Overview

Navigation Colour Manipulation X | Uncertainty Visualisation World View

This tool window s used to manipulate the
colouring of images shown in an image view.
Right now, there is no selected image view.

Il b

- g

Bv
Fe |,

= = 1111

Jabeuey eAe ([} | haeigr pnposy G0

sabeuer e )
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Differential Phase Filtering

File Help

1/0 Parameters | Processing Parameters

Source Product
Source product:

File Help

1jO Parameters | Processing Parameters |

'[12] coregi_stack_esd_ifg_deb_dinsar

Target Product
MName:

|coregi_s13dc_esd_ifg_deb_dinsar

[V] Save as: |BEAM-DIMAP v/

Directory:

|C:‘4Jsers‘u1‘|Foumelis

[#] Open in SNAP

Adaptive Fiter Exponentin (0,1]:

FFT Size:

64

Window Size:

3

[ ] Use coherence mask

Coherence Threshold in [0, 1]: \

— 0 b co N = ] =

= O 11 " 2= 2 I+l
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S1 Filtered DInSAR Phase
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Spatial Subset over AOI

AD\Ground_Deformation\processed\coregi_stack esd_ifg_deb._dinsar_fltdim - SNAP -a
Q.- Search (Ctl+])

haeigr pnpolg 50

e seren )

Estimated,

X —-¥ — Lat -
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Spatial Subset over AOI

Save to “coregi_stack _esd _ifg_deb _dinsar flt sub.dim”
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S1 TOPS Filtered DInSAR Phase (Wrapped)
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Geocoding of Wrapped DINSAR Phase & Coherence

Range-Doppler Terrain Correction approach

mation\processed\coregi_stack esd_ifg_deb_dinsar_flt sub.dim] - SNAP - a

e ([} | Ateigr Jnp

R | Jabeuely
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Range-Doppler Terrain Correction

—_— 1 b

Pixel Spacing (deg):

File Help

IjO Parameters | Processing Parameters

12014
114
How2014
12014

| 1.3474729261792829E-4

- g

WG524(DD0)

Source Bands: i_VW_03Nov2014_27Nov2014
g_WW_03MNov2014_27Mov2014
Intensity_WVV_03Mov2014 2 Mov2014
Phase_WV_03Nov2014_27MNov2014
topo_phase_VW_03Mov2014_27MNov2014
coh_IW3_WW_03MNov2014 27Novw2014

Digital Elevation Model: |SRTM 3Sec (Auto Download)

DEM Resampling Method: |BILINEAR_INTERPOLATION

Image Resampling Method: |BILINEAR _INTERFOLATION

Source GR. Pixel Spacngs (azxrg):  13.93(m) x 3.39(m)

Pixel Spacing (m): |15

Pixel Spacing (deg): |1.34?4?B261?92524E4

Map Projection: [ LUITM Zone 26 / World Geodetic System 1984

Mask out areas without elevation Output complex data
Output bands for:
[#] Selected source band [JoEM [ Latitude & Longitude

[ Incidence angle from ellipsoid [ Local incidence angle || Projected local incidence angle

] Apply radiometric normalization

|| save Sigmal band |Use projected local inddence angle from DEM

[ save Gamma0 band |USE projected local incidence angle from DEM

[ 5ave Betad band

Auxiliary File (ASAR only): |Latest Audliary File

= == O 011 T 3= K2 I+l

Slide 39



Terrain Corrected
S1 TOPS Differential Interferogram & Coherence Levels
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EXERCISE

PART 2
Unwrapping using SNAPHU
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EXERCISE Processing Steps (PART 2)

— Phase Unwrapping (SNAPHU)
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Phase Unwrapping
Statistical-cost Network-flow Algorithm for Phase Unwrapping (SNAPHU)
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Phase Unwrapping
Export to SNAPHU format

Export files required by SNAPHU to “...\outputs\snaphu” folder
Copy wrapped phases to “...\outputs\snaphu”

Snaphurt

Target folder: |I:‘lPSUAD‘!,5na|:|hu

Statistical-cost mode: | DEFO
Initial method: | MCF

Murnber of Tile Rows: |

Mumber of Tile Columns:

Mumber of Processors:

Column Overlap:

Tile Cost Threshold:

|
|
Row QOverlap: |
|
|
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Phase Unwrapping
Virtual Machine (VM) Setup

Download and install the
dedicated Linux VM on
Windows to run SNAPHU
and apply phase
unwrapping
http://sourceforge.net/
projects/sltbx/files/sna

phu vm/SAR%20Mint%o
2064.zip/download

g

Open the VMware player
and browse for the
virtual machine

] Edit the virtual machine
settings to increase the
memory and setup a
shared folder between
— =t Linux and Windows.

ﬁ | U, Lancel relp

— 0l e = 4 == " Il o ==0112T5 20 I+l
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http://sourceforge.net/projects/s1tbx/files/snaphu_vm/SAR%20Mint%2064.zip/download

Phase Unwrapping
VM Initialization

Password: SarO1
N
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Phase Unwrapping
Working in Linux Terminal

Right Click and select
“Open Terminal Here”
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Phase Unwrapping

NAVigating to Processing Folder

> cd /mnt/hgfs/snaphu/
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Phase Unwrapping
Running Predefined Unwrapping Command

Unwrapping command
for the specific data
inputs can be found in
snaphu.conf

> snaphu -f snaphu.conf Phase VV_03Nov2014 27Nov2014.snaphu.img 7546

Slide 50

— 0 b c= ' - I W= " 101 - = O 11 " 2= 2 I+l



Phase Unwrapping

SNAPHU Processing

Elapsed Time
00:26:23
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Phase Unwrapping

Import from SNAPHU format

eueyy i@he ([} | Alegr Jnpo.

abevey ey By | e
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Phase Unwrapping

Import from SNAPHU format

 1-Read-Phase | 2-pead-Unwrapped-Phase | 3-Snaphulmport | 4-write|
Source Product
Mame:
|[15] coregi_stack_esd_ifg_deb_dinsar_fit_sub v [ee ]

Data Format:

v ]
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Unwrapped Differential Phase (in radians)
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EXERCISE

PART 3
Displacement Measurements &
Terrain Geocoding
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EXERCISE Processing Steps (PART 3)

— Convert Phase to Displacement

—— Terrain Correction Geocoding
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Conversion of Unwrapped Phase to Displacement

= | [17] coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw - [I\PSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw.dim] - SNAP - o -
File Edit View Analysis Layer Vector Raster Optical |Radar| Tools Window Help - Search (Ctrl+)
> GCP E N 2
B AL BIET [rmonre 1 LY TR
Radiometric »
Product Explorer X | Pixellnfo | Speckle Fitering ) - =%
2 [1]S1A_IW_S.C_ 1S5V_20141103T195043_2014110 X =
Coregistration 3 g
S [2] S1A_IW_SLC_ 1S5V_20141127T195042_2014112) g
= [3] S1A_IW_SLC__155V_20141103T195043_2014110 Interferometric Lo Products - Interferogram Formation =
5 &
= [4] 51A_IW_5LC__155V_20141127T195042_2014112) Pelarimetric G Filtering 3 Coherence Estimation F
=2
% meumac_sonorame s | e | s
AW — o -t inel- »
8 [ coreg stk S ANUS PSNSBAS D Three-pass Differential InSAR =
a coreaLs ENVISAT ASAR 4 InSAR Stack Overview I -
5] tack_esd ase to Heig
[8] coregi_stack_es SAR Applications v ki
& [9] coregi_stack_esd_ifg AR Ut Phase to Displacement =
H
S [10] coregi_stack_esd_ifg_deb dsS T — n z
&= [11] coregi_stack_esd_ifg_deb_fit SAR Wizards . g
Integer Interferogram Combination
& [12] coregi_stack_esd_ifg_deb_dinsar Complex to Detected GR
S [17] coregi_stack_esd_ifg_deb_dinsar_fit Multilooking =
& [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub -
& [16] coregi_stack_esd, o
E) g
2
®
LOJ |
Navigation X | Colour Manipulation | Uncertainty Visualisation | World View -
Run Close
X —¥ — Lat —Llon - Zoom - Level - @
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Ground Displacement along the Line-of-Sight (LOS)
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Geocoding of Sentinel-1 Ground Displacements
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Geocoding of Sentinel-1 Ground Displacements

File Help Tz oy

1/0 Parameters | processing Parameters 1/0 Parameters | Processing Parameters
Source Product Source Bands: displacement
source:

| [17] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp

Target Product
Mame:
|coregi_smdﬁ_esd_ifg_deb_dinsar_ﬁt_sub_unw_dsp_TC

Digital Elevation Model: |SRTM 352c (Auto Download)

Save as: BEAM-DIMAP w DEM Resampling Method: |BILINEAR_INTERPOLATION
Directory: . Image Resampling Method: |BILINEAR_INTERPOLATION
|C:‘.User5\mfoumel|s Source GR Pixel Spacings (azxrg):  13.98(m) x 3.3%(m)

Openin SNAP Pixel Spacing (m): 15

Pixel Spacing (deg): 1.347472926 179282464

Map Projection: [ LM Zone 26 [ World Geodetic System 1984

Mask out areas without elevation [ | Output complex data

Output bands for:

[+] Selected source band []oEM [ Latitude & Longitude

[] ncidence angle from elipsoid | ] Local incidence angle [ ] Projected local indidence angle

[] Apply radiometric normalization

[ ] 5ave Sigma0 band |Use projected local incidence angle from DEM

[ ] 5ave Gamma0 band |U5e projected local inddence angle from DEM

[ ] 5ave Betad band

Aundliary File (ASAR only): |Latest Audliary File
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Terrain Corrected

S1 TOPS Ground Displacements

SN

File Edit View Anal

is Layer Vector Raster Optical Radar Tools Window Help

a eBEacCe XE veaAANNYEYOR

T
e N

Product Explorer X | Pixelinfo |

S 0 G O G G Y D G D O D G G G G

[1] S1A_IW_SLC_ 1SSV_20141103T195043_20141103T195057_003122_00395A_F395
[2] S1A_IW_SLC_ 1SSV_20141127T195042_20141127T195056_003472_004117_2B48

[3] 51A_Tw_5LC__155V_20141103T135043_20141103T195057_003122_D0335A_F336_IW3_WV
[4] 51A_IW_SLC__155V_20141127T195042_20141127T195056_D03472_004117_2B48_TW3_WV

[5] 51A_IW_SLC__155V_20141103T195043_20141103T195057_003122_00395A_F396_IW3_VV_Orb
[6] 51A_IW_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B48_TW3_WV_Orb

[7] coregi_stack

[8] coregi_stack_esd

[9] coregi_stack_esd_ifg

[10] coregi_stack_esd_ifg_deb

[11] coregi_stack_esd_ifg_deb_fit

[12] coreqi_stack_esd_ifg_deb_dinsar

[13] coregi_stack_esd_ifg_deb_dinsar_fit

[14] coregi_stack_esd_ifg_deb_dinsar_fit_sub

[15] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC
[16] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw

[17] coregi_stadk_esd_ifg_deb_dinsar_fit_sub_unw_dsp
[18] coregi_stadk_esd_ifg_deb_dinsar_fit_sub_urw_dsp_TC

-2 Metadata

ion - [18] displace... | Colour i ion - [...

World View

— 0l b C= N 4 |1

Name: displacement_VV
Unit: meters
Min: -0.107
Max: 0.117

@ PP |
IO

@

[ [18] displacement_wv

I+l
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Post-processing
Selection of Local Reference

=] [18] displacement_VV - [coregi_stack esd_ifg_deb_dinsar_fit
File Edit View Analysis Layer Vector Raster Optical Radsr Tools Window Help
; : 239 GoP ~ 2
& By G2 comelativePlot rE sy o AN DR R S
Scatter Plot B
Product Expla — 18]
L plof L, Profile Plot (18]
& [1]514 . 143_20141103T195057_003122_00395A_F336
-2 [251a @ | Information l42_20141127T195056_003472_004117_2543
g [A)51a ** Geo-Coding {43_20141103T195057_003122_D0395A_F396_TW3_W
-8 [51a] [4] | Histogram [2_20141127T195056_003472_004117_2843_TW3_W
E B S gotistics [43_20141103T195057_003122_00395A_F336_IW3_vW_Orb ~
& [6] $1A_rwoore —mov—zorrrrorroowd2_20141127T195056_003472_004117_2B48_IW3_W_Orb _]
& [7] coregi_stack ==
& [8] coregi_stack_esd %
& [9] coregi_stack_esd_ifg Z
& [10] coregi_stack_esd_ifg_deb §
-2 [11] coregi_stack_esd_ifg_deb_fit ]
-8 [12] coregi_stack_esd_ifg_deb_dinsar _ |
-2 [13] coregi_stack_esd_ifg_deb_dinsar_fit .
& [14] coregi_stack_esd_ifg_deb_dinsar_fit_sub =
& [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC i
& [16] coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw ?
& [17] coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw_dsp .§
-8 [18] coreqi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp_TC ]
-[18] displace... | Colour i ion - [... X i i isati World View | -
Editor: (") Basic (®) Sliders (7) Table g @'
)
Name: displacement_VV E,
Unit: meters 95% 100%
Min: -0.107 o
Max: 0,117 @) @y
Logyp F5%
| ———— . RRR——S—.
. 0 . = ™
FO
moom o om T
I I @ ™ ™
# More Options @
evel — @
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Post-processing
Referencing Displacements

Jsers\mfoumelis\Desktop\coregi_stack esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC.dim] - SNAP - o
Qg Search (Cul+)

Jebeuey Jaie [[f) Adeig] Pnpoid &

JzBeep sel I

3 Errors.

Help

evel — @
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Post-processing
Arranging Colour Ramps

SN

File Edit View A

lysis Layer Vector Raster Optical Radar Tools Window Help
GCP b} GGP =

% 4REecTe B rAANNTREYOR 2

Product Explorer X | Pixel Info [ [15] displacement_ref X

~E [1] S1A_IW_SLC__1SSV_20141103T195043_20141103T 195057_003122_00385A_F396
B8 [2] SIA_IW_SLC__1SSV_20141127T195042_20141127T185055_003472_004117_JB48
~E8 [3] S1A_IW_SLC__155V_20141103T 195043_20141103T 195057_003122_00335A_F396_IW3_VV
-6 [4] S1A_IW_SLC__155V_20141127T195042_20141127T 195056_003472_004117_2B48_IW3_W
-6 [5] S1A_IW_SLC__155V_20141103T195043_20141103T 195057 _003122_003954_F396_TW3_W_Orb
B [6] S1A_IW_SLC__155V_20141127T195042_20141127T 195056_003472_004117_2B43_IW3_W_Orb
& [7] coregi_stack
& (8] coregi_stack_esd
B8 [9] coregi_stack_esd_ifg
& [10] coregi_stack_esd_ifg_deb
B [11] coregi_stack_esd_ifg_deb_fit
&8 [12] coregi_stack_esd_ifg_deb_dinsar
&8 [13] coregi_stack_esd_ifg_deb_dinsar_fit
& [14] coregi_stack_esd_ifg_deb_dinsar_fit_sub
& [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC
4 [16] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw
B [17] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp
=B [18] coreqi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp_TC
-~ displacement_yv
+[F] displacement_ref
Navigation - [18] displace... | Colour -[... X | Uncertainty Visualisati World View | -
Editor: (7) Basic (@) Sliders Table @ l@‘
Name: displacement_ref E, A
Unit: null 5% 1008 X |
Min: -0. 108 )
Sxclc A @ & displacement_ref
@; @§, #Pixels total: [2108131 2
- =
Loayg Fk
2¢
x
Coef Variation: [NaN 1
EML: INal &
P75 threshold: [0.0042 R
P80 threshold: [0.0058 % 1
P85 threshold: [0.0089 1
PS0 threshold: [0.0139
Maxerror:  |2.2356E-4 :
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Post-processing

Spatial Profile Plots

O

Slide 65

— 0l e = 4 == " Il o ==0112T5 20 I+l



Data Reprojection Geographic Lat/Lon (WGS'84)

[18] coregi_stack_esd_ifg_deb_dinsar_flt_sub unw_dsp_TC - [I\PSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC.dim] - SNAP - o

File Edit View Analysic Layer Vector |Raster| Optical Radar Tools Window Help Search (Ctrl+I)
3 oC Ep Ab Lo
S GRE AT INTVEQe = |
Product Explorer X | PixelInfo | = &
- [1] S1A_IW_S.C_ 155V_20141103| -
- [2] S1A_IW_SLC_15SV_20141127| Z
B [3] S1AIW SLC_155V_20141103] Geo-Cading Displacement Bands... 3w =
5
- [4] S1A_IW_SLC__155V_20141127] Subset... 3w 2
4
& [5] 514 IW_SLC__155V_20141103] Geometric Operations ’ Level-3 Binning
S [5] S1A_IW_SLC__1S5V_20141127] T N
E [7] coregi_stack Mosaicing =
& [5] coregi_stack_esd s D Reprojection g
88 [9] coreqi_stack_esd_ifg Data Conversion 3 Resampling =
g
&4 [10] coregi_stack_esd_ifg_deb Image Analysis 3 - é
-8 [11] coregi_stack_esd_ifg_deb_fit Classification 3 &
&8 [12] coregi_stack_esd_ifg_deb_ding Export D
&8 [13] coregi_stack_esd_ifg_deb_dinsar—mr .
& [14] coregi_stack_esd_ifg_deb_dinsar_fit_sub =
& [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC g
& (18] coregi_stack_esd_ifg_deb_dinsar_fit_sub_urmw §
5 [17] coreqi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp -rgn
W="W15] coregi_stack_esd_ifg_deb_dinsar_flt_sub_urm_dsp_TC a
% | Colour Wiorld View -
; [] Add delta latflon bands Resampling method: |Mearest
Output Information
Scene width: 2171 pixel Center longitude:  24°23'3¢
Scene height: 2425 pixel Center latitude: 14°55'3]
CRS: WGES84(DD)
X —-Y - Lat -—Llon - Zoom — Level — @
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Inspection of Reprojected Products

) [19] displacement_ref - coregi_stack esd_ifg_deb_dinsar_fit_sub_unw_dsp_TC reprojected - I\PSUAD\Grou
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

aB BEeceXErvpasINvEREOR 2
Product Explorer X | Pixelinfo | [ [19] displacement_ref X

[1] S1A_IW_SLC__ 1SSV_20141103T195043_20141103T195057_003122_00395A_F396
[2] S1A_IW_SLC__1SSV_20141127T195042_20141127T195056_003472_004117_2848

[3] S1A_TWi_SLC__155V_20141103T195043_20141103T195057_003122_00395A_F396_IW3_WV

[4] S1A_IW_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B48_TW3_VV

[5] 51A_IW_SLC__155V_20141103T195043_20141103T195057_003122_00395A_F396_IW3_VV_Orb
[6] 51A_IW_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B48_IW3_VV_Orb
[7] coregi_stack

[8] coregi_stack_esd

[9] coregi_stack_esd_ifg

[10] coregi_stack_esd_ifg_deb

[11] coregi_stack_esd_ifg_deb_fit

[12] coreqi_stack_esd_ifg_deb_dinsar

[13] coregi_stack_esd_ifg_deb_dinsar_fit

[14] coregi_stack_esd_ifg_deb_dinsar_fit_sub

[15] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC

[16] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw

[17] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp

[18] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp_TC

[19] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp_TC_reprojected

33 Metadata

23 vector Data
=53 Bands
i@ displacement_vv
i displacement ref

Sy 0 G O ) G A G D D O O G D G ) )

- [19] displace... | Colour i -[... X | Uncertainty Vi isati World View

Bw| |
@a |,

MName: displacement_ref
Unit: null

Min: -0.07

Max: 0.087

Rough statistics!

£® B3
g @

@

J |Ill|. 1

Slide 67

i
I
I
I

== K2 Il

— 00 he c= W = ] W




Export to Google Earth (*.kmz file)

[19] displacement_ref - coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC reprojected - |

Window Help

— | | B [19] displacement_ref

o aga coP Sh e
= Open Product... =t = AN YRR
Recpen Product »
B Product Library |
11037 195043_201411037 195057_003122_003954_F395
Close Praduct 1127T195042_20141127T 195056_003472_004117_2848
Close All Products 11037 195043_20141 1037 195057_003122_00395A_F336_TW3_WV
Close Other Products 11277 195042_20141127T 195056_003472_004117_2B48_IW3_W
11037 195043_201411037 195057_003122_00335A_F336_TW3_W_Orb

Seshed s 1127T195042_20141137T 195056_D03472_004117_2B48_IW3_W_Orb
Save Product As...
Session 3
Import 3
Export L Other ’ Colour Legend as Image
Exit SAR Formats L Colour Palette as File

[13] coregi_stack_esd_ifg_de csv Geo-Coding as ENVI GCP File

[14] coregi_stack_esd_ifg_de GeoTIFF / BigTIFF

[45] coregi_stack_esd_ifg_de T e

[18] coregi_stack_esd_ifg_de

[17] coregi_stack_esd ffg_de| | ENV!

[18] coregi_stack_esd_ifg_de) GeoTIFF

[19] coregi_stack_esd_ifg_de| HDF5 View as Image

NetCDF4-BEAM View as Gaagle Earth KMZ
NetCDF4-CF
B displacement_yv NetCDF-BEAM
B displacement_ref NetCDF-CF
Navigation - [19] displace... | Colour - [... X | Uncertainty Vi: isati World View

Editor: (7) Basic (@) Sliders

A More Options

Name: displacement_ref

Unit: null
Min: -0.07

Max: 0.087
Rough statistics!

Bw| |
@a |,

S
g

w a1
g e

£
=
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- 01 b= ==

- g
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:
Zoom — Level — E@
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Sentinel-1 Interferometric Data in Google Earth
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Visualize in Google Earth
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Lesson Learnt

— SNAP/Sentinel-1 Toolbox supports SAR interferometry (InSAR) for multiple SAR
missions (incl. acquisitions in TOPS mode).

— TOPS Interferometry requires high SAR image registration accuracy (< 0.005
pixel), reachable using dedicated Enhanced Spectral Diversity (ESD) approach.

— Phase unwrapping is performed using SNAPHU external tool (import/export to
integrated in SNAP), provided via a pre-configured Virtual Machine (VM).

— End-to-end processing chains can be built using the Graph Builder. (*.xml file)
and automated using scripts (batch, python etc.).
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Would you like to know more?

Visit step.esa.int
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