


Goals of the Exercise @k eSa

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

— Training on TOPS Differential SAR
Interferometry (DINnSAR) 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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298 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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E 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)

SNAP - a

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

e entiasexXEreq A\ TR%0eR N NEEN

Product Explorer X | Pixelinfo | - =Y
E
5
&
]
=4
=
z
@
=
]
2
2
r
. : =
Lookin: | |, inputs v| BerE- i
b
P Lil] STA_IW_SLC__155V_20141103T195043_201411037195057_003122_00395A_F3%6.zip %34
:‘-.: Liﬂ STA_IW_SLC__155W_20141127T195042_20141127T195036_003472_004117_2B48.zip é‘
Recent Items )
Desktop
Documents
Navigation - [1] Intensity_... | Colour Manipulation - ... X World View \ -
28 LY
- ‘ This PC
@ File name: ‘ | | Open
Metwork  gjeg of type: [AlFes vl [ ol
This tool window is used to manipulate the
«colouring of images shown in an image view.
Right now, there is no selected image view.
=)
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Sentinel-1 IW TOPS (Swath of 250km)

A SNAP
File Edit View Anslysis Layer Vector Raster Optical Radar Tools Window Help
iy G = 252 I G 7
& [~ 4 L e b @ ® A U N % =
Product Explorer X | Pixel Info - =)
i [1]S1A_Iw_SLC_ 1SSV_20141103T195043_20141103T195057_003122_003954_F396 ¥
- [2] S1A_IW_SLC_ 1S5V_20141127T195042_20141127T195056_003472_004117_2543 g
&
]
=4
=
b
2
@
=
w
3
a
a
e
=
=
w
2
=
&
3
@
a
2
Navigation - [1] Intensity_... | Colour Manipulation - [1] ... | Uncertainty Visualisation World View x -
Cape Verde
Lat 15.6021° Lon -22,1850% Elev  Ometers
i~}
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Splitting S1 SLC Products (@Subswath and Burst level)

5 SNAP
File Ecit View Analysis Layer Vector Raster Optical [Radar Tools Window Help
. d
= B rad Apply Orbit File 9 —
Radiometric L
Proglct Explorer % | Pixel Info Speckle Filtering » = ;
:
E: Coregistration v ;
B [2] S1A_IW_SLC_ 1SSV_20141127T195042_2014112) :
Interferometric L3 &
Polarimetric L ]
=
Geometric L
Sentinel-1 TOPS ’ 5-15LC to GRD =4
ENVISAT ASAR b 5-1 Slice Assembly 3
SAR Applicaticns L4 -1 TOPS Split :
=
SAR Utilities 4 5-1 TOPS Deburst i
&
SAR Wizards ' 5-1TOPS Merge :
Complex to Detected GR 51 Remove GRD Berder Noise
Mutltilooking 5-1 EAP Phase Correction i
5
Z
=
£l
&
3
Navigation Colour Manipulation Uncertainty Visualisation World View X -
Off Globe
o= = lat —lon - Zoom - Level — @s
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Splitting S1 SLC Products (@ Subswath and Burst level) & eéSa

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

=] S-1 TOPS Split “ =] S-1 TOPS Split “

File Help File Help

1/O Parameters | Processing Parameters IjO Parameters | Processing Parameters

Source Product

Subswath:  |pw3 >
Polrisatons: [
[1] 51A_Iw_SLC_ 155V_20141103T195043_20141103T195057_003122_003954_F396 W[ [ Bursts: 1to 2
» | I A I
Target Product

Mame:
S1A_IW_SLC_ 15SV_20141103T195043_20141103T195057_003122_00335A_F3asElERT]

Save as: | BEAM-DIMAP v
Directory:
C:\Wsersimfoumelis

Open in SMAP

Run Close Run Close
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Splitting S1 SLC Products (@ Subswath and Burst level)

) [4] STA_IW_SLC__1SSV_20141127T195042_20141127T195056_003472_004117_2B48_IW3_VV_Orb - [I\PSUAD\Ground_Deformation\processed\S1A_IW_SLC_1SSV_20141127T195042_201411271195056_003472_004117_2B48_IW3 VW Orb.dim] - SNAP - O
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- se trl+1)
= (] SRIE M AT
Product Explorer X | Pixel Info =]
i+ & [1]51A_Iw_SLC_ 1SSV_20141103T195043_20141103T195057_003122_00395A_F396 E
+ & [2] 51A_Iw_SLC_ 1SSV_20141127T195042_20141127T195056_003472_004117_2B48 %
G M=W[5) 51A_IW_SLC__1SSV_20141103T195043_20141103T 185057_003122_00395A_F396_IW3_W_Orb g
G (=W [4) 51A_Iw_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B48_IW3_V¥_Orb H
=
=
N
K
=
]
2
e
=
i
E
g
&
Colour i i L i i isati World View X -
Off Globe
X —-Y - Lat -—Llon - Zoom — Level — @ 5
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Update Orbital Information (Orbit State Vectors)

B [3] STA_IW_SLC_ 1S5V_20141103T195043_20141103T195057_003122_00395A_F396_IW3_VV - [I\PSUAD\Ground_Deformation\processed\S1A_IW_SLC_ 155V_20141103T195043_20141103T195057_003122_00395A_F396_IW3_VV.dim] - SNAP
File Edit View Analysis Layer Vector Raster Optical |Radar| Tools Window Help Q- Sea
= oA ool 8 Apply Orbit ile . A7 e P =
Radiometric b
Product Explorer X | Pixel Info Speckle Filtering N - | 2]
#-Ed [1] S1A_IW_SLC_ 1SSV_20141103T195043_2014110) —— \ z
B [2] S1A_IW_SLC_ 1SSV_20141127T195042_2014112] R =3
- Interferometric v a
-6 [4] S1A_IW_SLC_ 155V_20141127T185042_2014112] Polarimetric [ il
Geometric b =
Sentinel- 4
entinel-1 TOPS 5
ENVISAT ASAR 3 5
SAR Applications v &
SAR Utilties v g
SAR Wizards b ';‘z
Complex to Detected GR
Multilooking =
g
Z
£
&
Navigation - [1] Intensity_|__ | Colour Manipulation - [1] I__ | Uncertainty Visualisation | World View x| =
Cape Verde
Off Globe
<]
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S1 Precise Orbits (https://gc.sentinell.eo.esa.int)

=

N~

Automatically adding suffixes (product_*) indicating processing implemented

File Help

IO Parameters | Processing Parameters

File Help

IjO Parameters | Processing Parameters

Source Product

source:

| [3] S1A_IW_SLC__155V_20141103T195043_20141103T195057_003122_00335A_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 Degrea:

3
["] Do not fail if new orbit file is not found

=

— 01 b=

- g

- 101l = = 5=

Slide 14

== = S L

European Space Agency



Back-geocoding TOPS SLCs (Geometric Co-registration)

R [6] STA_IW_SLC_1SSV_20141127T195042_20141127T195056_003472_004117_2B48_IW3_VV_Orb - [IAPSUAD\Ground_Deformation\processed\STA_IW_SLC_1SSV_20141127T195042 20141127T195056_003472 004117_2B48_IW3_ VWV _Orb.dim] - SNAP - O
Qr se. {Ctrl+1)

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

N g — & SN Lo,
a [ sl § | Apply Ot File -yl BN N
Radiometric 4
Product Explorer X | Pixel Info Speckle Filtering » - ‘ [><]
-5 [1] S1A_IW_SLC_ 1S5V_20141103T195043_2014110 = — N ?
: oregistration 7
@i [2] S1A_IW_SLC__1SSV_20141127T195042_2014112) 9 Coregistration g
- [3] 51A_TW_SLC_ 155%_20141103T135043_2014110 Interferametric 4 51 TOPS Coregistration 4 51 TOPS Coregistration =
: &
@ [4] S1A_IW_SLC__155V_20141127T195042_2014112) Pelarimetric 4 DEM-Assisted Coregistration  » S1TOPS Coregistration with ESD 9
=1 Geometric Lt Stack Tools 4 .
=8 Sentingl- TOPS N 5-1 Back Geocoding
entinel-
ENVISAT ASAR N o IS AR resamping 5-1 Enhanced Spectral Diversity ?
SAR Applications N 5-1 Double Difference Interferogram H
SAR Utilities v H
H
SAR Wizards 3 s
Complex to Detected GR
Multilooking =
=
g
=
5
2
]
Navigation - [1] Intensity_I._. | Colour S[]L World View x| =
Off Globe
[~
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Back-geocoding TOPS SLCs (Geometric Co-registration)

ProductSet-Reader | Back-Geocoding | Write|

y
®
7
A

,_
=
I 7

Digital Elevation Model:

Back-Geocoding | virite

DEM Resampling Method:
Resampling Type:

|SRTM 35ec (Auto Download)

BILINEAR_INTERPOLATION

BILINEAR. _INTERPOLATION

Mask out areas with no elevation

[ Dutput Deramp and Demod Phase!

— ] b c= ®E - ] === "I 1

Slide 16
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S1 TOPS Co-registered Stack \\-:‘

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
5 SR worg o
aB IRELSTB AT N O A

N v

> IEW

Q Search (Ctrl+1)

SNAP

\E.'x pr s

% com

29e JIMEAED

Product Explorer X | Pixelinfo |

[B [7] 1ntensity_Iw3_vv_mst_03Nov2014 X

4

[1] S1A_Iw_SLC__ 1SSV_20141103T195043_20141103T185057_003122_00385A_F396
[2] S1A_Iw_SLC__1SSV_20141127T185042_20141127T185056_003472_004117_7B48

[3] S1A_Tw_SLC__155V_20141103T185043_20141103T 185057_003122_00335A_F396_IW3_VV

[4] 514 _Tw_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B43_TW3_WV

[5] 514 _Tw_SLC__155V_20141103T195043_20141103T135057_003122_00395A_F396_IW3_W_Orb
[6] 514 _Tw_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B48_IW3_WV_Orb
[7] coregi_stack

4B Metadata

433 Vector Data

- [E3 Tie-Point Grids

=-Z3 Bands

-l ILIW3_W_mst_03Novan14

-l qIwW3_vv_mst_03Nov2014

i m Intensity_IW3_VV_mst_03Nov2014

- i_IW3_W_slv1_27Nov2014

- qIw3_v_sivl_27Nov2014

[ Intensity_IW3_VV_slvl_27Nov2014

i.-[l derampDemodPhase_slv1 27Nov2014

AT AT AT

)
=
=
)
g
)

MASTER

e Prpolg

abevey) ket [}

1aBevep el )

Navigation - [7] Intensity_L..| Colour Manipulation - [7] 1... | Uncertainty Visualisation | Warid View

[ [7] Intensity_TW3_WV_slv1_2Mov2014 X

Lat 16.0656% Lon -23.3201° Elev -2,670 meters

X - = Lat -—-Llon —
Slide 17
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Improvement of Co-registration Accuracy
Enhanced Spectral Diversity (ESD)

R [7] coregi_stack - [I\PSUAD\Ground_Deformation\processed\coregi_stack.dim] - SNAP

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

5 = 5
= oA 55 Apply Orbit File . C R
Radiometric L3
Product Explorer X | Pixel Info Speckle Filtering » - ‘ [><]
i [1]S1A_IW_SLC_ 1SSV_20141103T195043_2014110 = o " i
oregistration R
65 [2] S1A_IW_SLC_ 1SSV_20141127T195042_2014112 g Coregistration i
- [3] 51A_TW_SLC_ 155%_20141103T135043_2014110 Interferametric 4 51 TOPS Coregistration b 51 TOPS Coregistration jad
g
@+ [4] S1A_IW_5LC__155V_20141127T195042_2014112) Pelarimetric 4 DEM-Assisted Coregistration  » 51 TOPS Coregistration with ESD é
-8 [5] 51A_IW_SLC_ 155Y_20141103T135043_2014110 Geometric 3 Stack Tools y 1 Back Geoeod
X -1 Back Geocoding
@ & [5]51A_IVi_SLC__155V_20141127T195042_2014112) Sentinel-1 TOPS N Cross InSAR resampling e =
=E ENVISAT ASAR » B =
SAR Applications N 5-1 Double Difference Interferogram H
SAR Utilities v H
]
SAR Wizards C s
Complex to Detected GR
Multilooking =
=
&
2
=
3
2
a
Navigation - [1] Intensity_I_. | Colour -1 World View x| =
Cape Verde
Off Globe
[~
Slide 18
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Enhanced Spectral Diversity (ESD) algorithm

(=
(0]
(dp)
QO

File Hel
Implementation of the i

Enhanced Spectral Diversity (ESD) [1/0 Parameters | Processing Parameters |
algorithm for correcting shifts in Registration Window Width: Bl
range and azimuth direction Registration Window Feight: EE
considering the burst overlap areas

Search Window Accuracy in Azimuth Direction: | 16

Search Window Accuracy in Range Direction: | 16

Window oversampling factor: | 128

Cross-Correlation Threshold: |

Coherence Threshold for Outlier Remaval: |

Mumber of Windows Per Overlap for ESD: |

[] Use user supplied shifts

The overall azimuth shift:

The overall range shift:

Slide 19
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S1 TOPS ESD Co-registered Stack

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
¥ Dog e
= B LRIk W

Product Explorer X | Pixel Info

-5 [1S1A_IW_SLC_ 1SSV_20141103T195043_20141103T195057_003122 003954 _F395
[2] S1A_IW_SLC_ 1SSV_20141127T195042_20141127T195056_003472_004117_2B48

[7] coregi_stack

Colour L World View X

El

& [3] 51A_IW_SLC__155V_20141103T195043_20141103T185057_003122_00395A_F396_IW3_VV

S [4] 51A_IW_SLC__1S5V_20141127T195042_20141127T185056_003472_004117_2848_TW3_WV

&S [5] 51A_IW_SLC__ 1SSV_20141103T195043_20141103T195057_003122_00385A_F395_IW3_VW_Orb
=

=l

=l

[8] coregi_stack_esd - [I\PSUAD\Ground_Deformation\processed\coregi_stack_esd.dim] - SNAP

e

[6] 51A_IWi_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B48_TW3_WV_Orb

TOPS interferometry
requires coregistration
accuracy <0.005 pixel

Off Globe

— 01 b=

Lat

- Lon

]
»
i
g
5
=
o
=2

abevey) ket [}

1aBevep el )

Zoom — Level — @
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Alternative Option for TOPS Coregistration (all-in-one)

= | [7] coregi_stack - [I\PSUAD\Ground_Deformation\processed\coregi_stack.dim] - SNAP
File Edit View Anslysis Layer Vector Raster Optical Radar| Tools Window Help
N 2 S
= oA 55 Apply Orbit File . C R
Radiometric 4
Product Explorer X | Pixel Info Speckle Filtering » - ‘ [><]
@i [1]S1A_IW_SLC__ 1SSV_20141103T195043_2014110 = — N - ?
G- [2) 514 Iw_SLC_ 1S5V_20141127T195042_2014112) oregistration Coregistration :
- [3] 51A_TW_SLC_ 155%_20141103T135043_2014110 Interferametric 4 51 TOPS Coregistration 4 51 TOPS Coregistration =
: &
& S [4] S1A_IW_5LC__155V_20141127T195042_2014112) Pelarimetric 4 DEM-Assisted Coregistration  » 51 TOPS Coregistration with ESD é
@& [5] S1A_IW_5LC__155V_20141103T195043_2014110 Geometric 4 Stack Tools 4 51 Back Geocoding
-5 [5] S1A_IW_SLC__155V_20141127T195042_2014112) Sentinel-1TOPS » Cross InSAR resampling et S Biver =
=& ENVISAT ASAR v - v =
+ 8] tack_esd -
i-E [8] coregi_stack_est SAR Applications R 5-1 Double Difference Interferogram H
SAR Utilities v H
SAR Wizards 4 é
Complex to Detected GR
Multilooking =
=
g
C $1TOPS ESD Coregistration x| :
H
kS
Read(2) | TOPSAR-Split | TOPSAR-Split(Z) | Apply-Orbit-File | Apply-Orbit-File(2) | Back-Geocoding | Enhanced-Spectral-Diversity | Write
Source Product
Name:
[7] coregi_stack Y]
Data Format: Any Format  w
Navigation | Colour Manipulation | Uncertainty Visualisation | World View X% -

Cape Verde

@' Help ™ Run

Off Globe
X —¥ — Lat —Llon - Zoom - Level - \;g
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Sentinel-1 TOPS Interferogram Generation

R [8] coregi_stack esd - [I\PSUAD\Ground_Deformation\processed\coregi_stack_esd.dim] - SNAP

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

= oA ol § | Apply Orbit File iy C R
Radiometric »
Product Explorer X | Pixel Info Speckle Filtering » - [><]
w-i [1] S1A_IW_SLC_ 155V_20141103T195043_2014110 X 3
Coregistration 3 ]
] Q [2] S1A_Iw_SLC__1SSV_20141127T195042_2014112| %
@ [3] S1A_IW_SLC_ 155V_20141103T195043_2014110 Interferometric Lo Products - Interferogram Formation =
@& [4] S1A_IW_SLC__1S5V_20141127T195042_2014112 Polarimetric L4 Filtering » Coherence Fstimation i.‘—
i 2
* S monswac s mumoon o | e | s s
[+ 1 - »
OB Dloreg sk - AU PSNSBAS D Three-pass Differential InSAR =
g = E::‘iATIf\SAR 4 InSAR Stack Overview Phase to Height B
t 3 = ~ &
o Phase to Displacement -G Interferogram Formation Ex z
SAR Utilities » ) a i
Phase to Elevation ¥
SAR Wizards C i N s
———— Integer Interferogram Combination File Help
Multilooking =
=
. 5
I/0 Parameters | Processing Parameters =
Subtract flat-earth phase B
Degree of "Flat Earth™ polynomial 5
Murmber of "Flat Earth™ estimation points | 5q4
Orbit interpolation degree 3 >
Include coherence estimation
Navigation Colour Manipulation Uncertainty Visualisation World View X -
Square Pixel [ ] independent Window Sizes
. ]
o Coherence Range Window Size 2|3|
Coherence Azimuth Window Size 5
Run Close
Off Globe
X —¥ — Lat —Llon - Zoom - Level - \;g
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_ (s,
Sentinel-1 TOPS INSAR (InSAR Phase & Coherence) i\&\\?— Sa

] |
= Search (Cirl+1)

= [9] Phase_ifg_IW3_VV_03Nov2014_27Nov2014 - coregi_stack_esd_ifg - I\PSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg.dim - SNAP

Window Help

a ANy RdYOeR s IBEBED

File Edit View Analysis Layer Vector Raster Optical Radar Tool

aB LA XE»

Product Explorer X | Pixelinfo | — | [ 191 Phase_ifa_1w3_wv_03Nov2014_2/ovanid < &
2 [1]51A_IW_SLC_ 1SSV_20141103T195043_20141103T195057_003122_00395A_F396 ¥
2 [2S1A_IW_SLC_ 1SSV_20141127T195042_20141127T195056_003472_004117_2B48 g
2 [3]51A_IW_SLC__155V_20141103T135043_20141103T195057_003122_00355A_F336_TW3_VV Jas

&
= [4] S1A_IW_5LC__155V_20141127T135042_20141127T195056_003472_004117_2B48_IW3_WV F
= [5] S1A_IW_SLC__155V_20141103T135043_20141103T195057_003122_00395A_F395_IW3_VV_Orb =
S [5] S1A_IW_SLC__155V_20141127T155042_20141127T195056_003472_004117_2B48_TW3_WV_Orb
S [7) coregi_stack s
& [8] coregi_stack_esd %
i [8] coregi_stack_esd_ifg 2
3 Metadata E]
33 vector Data @
23 Tie-Point Grids
-3 Bands =
- iLifg IW3_W_03Nov2014_27Nov2014 =
(~H qifg_IW3_W_D3Nov2014_27Nov2014 &
[ Intensity_ifg_TW3_VV_03Nov2014_27Nov2014 5
i--[ Phase_ifg_IW3_Vv_03Nov2014_27MNovw2014 .;.:
il coh_IW3_VW_D3Nov2014_27MNov2014 -
Navigation - [9] Phase_ifg... | Colour Manipulation - .. X | Uncertainty Visualisation | World View | — | [ [9] coh_tw3_w_D3Nov2014_aMNov2014 X
Editor: () Basic (@) Sliders () Table 2 IE‘
Name: Phase_ifg_IW3_VV_03MNov2014_27Nov2014 3}
Unit: phase 958 100%
Min: -3.141 TEEE
Max: 3.142 1 @&t
Rough statistics! ®§ ®’§
Logyy F5%
A More Options @
X —-Y - Lat -—lon - Zoom - Level — @
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Sentinel-1 TOPS Deburst

R [9] coregi_stack esd_ifg - [I\PSUAD\Ground_Deformation\processed\coregi_stack esd_ifg.dim] - SNAP

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

b = =~ T
= b 3:‘{3 Apply Orbit File 9 e
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Sentinel-1 TOPS Deburst

(=
®
(¢))
Q

File Help File Help

10 Parameters | Processing Parameters 1/0 Parameters | Processing Parameters |

Source Product poeristons: [

source;
|[5] coregi_stack_esd_ifg

Target Product
MName:
|coregi_513dc_e5d_ifg

Save as: BEAM-DIMAP
Directory:
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[+] Open in SMAP
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S1 Debursted Products (InSAR Phase & Coherence)

£ | SNAP

s
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
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Goldstein Phase Filtering (Adaptive Filter)
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File Edit View Analysic Layer Vector Raster Optical Radar|Tools Window Help
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= oA ol § | Apply Orbit File iy &
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=] SAR Utilities 3 B
. F
SAR Wizards ’ File He|p @
Complex to Detected GR
Multilooking =
I/0 Parameters | Processing Parameters H
i
=
5
. o . &
Adaptive Filter Exponent in (0, 1]: 1.0 E
FFT Size: 64 W
Window Size: 3 ")
[ ] use coherence mask
Coherence Threshald in [0,1]: 0.2
Navigation Colour Manipulation Uncertainty Visualisation World View X -
Run Close
Off Globe
X —¥ — Lat —Llon - Zoom - Level - \;g
Slide 27
— 1 I re— - - — = S




_ (s,
S1 Filtered INnSAR Phase i\\\\*}'esa
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Topographic Phase Removal (Differential INSAR Phase)
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Topographic Phase Removal (Differential INSAR Phase)
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File Help File Help

/O Parameters | processing Parameters [1/0 Parameters | Processing Parameters |
Source Product Orbit Interpolation Degree: |3
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Directory:
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Differential Interferogram & Simulated Topo Phase N\
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[1] S1A_IW_SLC__1SSV_20141103T195043_20141103T195057_003122_00395A_F396

[2] S1A_IW_SLC__1SSV_20141127T195042_20141127T195056_003472_004117_2B48
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Differential Phase Filtering (Goldstein Filter)
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= BEN

File Edit View Analysis Layer Vector Raster Optical

aB s aesc X

Radar | Tools Window Help

Apply Orbit File

hvBEY@ R s \MEED

~ Search (Ctrl+1)

— 01 b=

- g

= = 1111

Radiometric »
Product Explorer X | Pixel Info Speckle Fitering ) - =%
9 [1]514_IW_5LC_ 155V_20131103T195043_2014110 ) b
Caregistration 3 g
S [251A W 5LC_ 1S5V_20141127T195042_2014112) g
S [3] 51A_IW_SLC__155V_20141103T195043_2014110 Interferametric b Products 4 &
= 5
S [4] 51A_IW_SLC__155V_20141127T195042_2014112 Polarimetric Ll Filtering b Spectral Filtering F
2
S [5]51A_IW_5LC__155V_20141103T195043_2014110 Geometric v Unwrapping » || Goldstein Phase Filtering _
& [5] 514_IW_SLC__155V_20141127T195042_2014112) Sentinel-1 TOPS s PSINSBAS 5
=) =
[7) coregi_stack )
ENVISAT ASAR 4 InSAR Stack Overview 5
& [8] coregi_stack_esd T . 2
cations E
S [9] coregi_stack_esd_ifg b :
S [10] coregi_stack_esd_ifg_deb SIS ' E]
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Differential Phase Filtering

File Help File Help

I/Q Parameters | Processing Parameters 10 Parameters | Processing Parameters |
Source Product

source product Adaptive Fiter Exponentin (0,1]:
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Window Size: |3
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Directory:
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[#] Open in SHAP
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S1 Filtered DINSAR Phase

= | [13] coregi_stack _esd_ifg_deb_dinsar_flt - [I\PSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg_deb_dinsar_flt.dim] - SNAP
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Spatial Subset over AOI \\\\\\\?esa
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<
S [5] 51A_IW_SLC__155V_20141103| Geometric Operations » w3 vv_orb
" "
S gsm_l.\t_t:i:_lssv_zomny TRt , w3 w_orb =
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File | Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
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[13] coreqgi_stack_esd_ifg_deb_dinsar_fit
[15] coregi_stack_esd_ifg_deb_dinsar_fit_sub
3 Metadata
(3 vector Data
(3 Tie-Point Grids
=23 Bands
i i_VV_D3Nov2014_27Nov2014
[ g_vw_03Now2014_27Movz0i4
i m Intensity_VV_03Nov2014_27MNov2014
[ Phase_¥v_03Novw2014_27Nov2014
i w topo_phase_VV_03Nov2014_27Nov2014
B coh IW3_ W _03Nov2014 27Nov2014

abevey) ket [}

=

1aBevep el )

FELLL D

Navigation - [15] Phase... X | Colour Manipulation - [15]... | Uncertainty Visualisation | World View

X o-Y - lat -—-Llon - Zoom - Level — (<]
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Geocoding of Wrapped DINnSAR Phase & Coherence

Range-Doppler Terrain Correction approach

= [15] coregi_stack_esd_ifg_deb_dinsar_flt_sub - [IAPSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg_deb_dinsar_flt_sub.dim] - SNAP

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

= oA ol § | Apply Orbit File .
Radiometric »
Product Explorer X | Pixel Info Speckle Filtering » [><]
2 [1]S1A_IW_S.C_ 1S5V_20141103T195043_2014110 . =
Caregistration 3 g
S [2] S1A_IW_SLC_ 1S5V_20141127T195042_2014112) g
S [3] 51A_IW_SLC_ 155V_20141103T195043_20 14110 Interferametric Yy &
&
5 [4) S1A_IW_SLC_ 155V_20141127T195042_2014112) Polarimetric [ i
=2
= [5] S1A_IW_5.C__155V_20141103T195043_2014110 Geometric ’ Terrain Correction r Range-Doppler Terrain Correction
S [6] 51A_IW_SLC__155v_20141127T195042_2014112 Sentinel-1TOPS , Ellipsoid Correction o T =
[7] coregi_stack
HLUERIEAT3 ' SAR-Mosaic SAR-Simulation Terrain Correction z
& [8] coregi_stack_esd T . 2
Pplications ALOS Deskewit =
&2 [5] coregi_stack_esd_ifg R R eskewing =
&= [10] coregi_stack_esd_ifg_deb AR Wizard . Slant Range to Ground Range é
&2 [11] coregi_stack_esd_ifg_deb_fit izards Update Geo Reference E
S [12] coregi_stack_esd_ifg_deb_dinsar Complex to Detected GR
S [13] coregi_stack_esd_ifg_deb_dinsar_fit Multilooking =
= [TEr =l E T 2
i
2
=
5
2
]
Navigation | Colour Manipulation | Uncertainty Visualisation | World View X% -
Off Globe
X —¥ — Lat —Llon - Zoom - Level - @
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Range-Doppler Terrain Correction

File Help

1jO Parameters | Processing Parameters

File Help

(=
(0]
(dp)
QO

1jO Parameters | Processing Parameters

Source Bands: i_VW_03Nov2014_27Nov2014
g_WW_03Mov2014_27Mov2014
Intensity_WVV_03Mov2014 2 Mow2014
Phase_VV_03Nov2014_27MNov2014
topo_phase_VW_03Mov2014_27MNov2014
coh_IW3_WW_03MNov2014 27Novw2014

Digital Elevation Model: |SRTM 35ec (Auto Download)

DEM Resampling Method: |BILINEAR_INTERPOLATION

Image Resampling Method: |BILINEAR _INTERPOLATION

Source GR. Pixel Spacngs (azxrg):  13.98(m) x 3.39(m)

Pixel Spading (m): |15

Pixel Spacing (deg): |1.3474729251792824E-4

Map Projection: | wssaq{m}

Mask out areas without elevation Dutput complex dats

Coordinate Reference System (CRS)
(@) Custom CRS

Geodetic datum: |World Geodetic System 1984

Projection: |UTM / WGS 84 (Automatic)

Projection Parameters...

| Select...

() Predefined CRS |

Source Bands: i_VW_03Nov2014_27Nov2014
g_WW_03Mov2014_27Mov2014
Intensity_WVV_03Mov2014 2 Mow2014
Phase_VV_03Nov2014_27MNov2014
topo_phase_VW_03Mov2014_27MNov2014
coh_IW3_WW_03MNov2014 27Novw2014

Digital Elevation Model: |SRTM 35ec (Auto Download)

DEM Resampling Method: |BILINEAR_INTERPOLATION

Image Resampling Method: |BILINEAR _INTERPOLATION

Source GR. Pixel Spacngs (azxrg):  13.98(m) x 3.39(m)

Pixel Spading (m): |15

Pixel Spacing (deg): |1.3474729251792824E-4

Map Projection: [ LITM 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

— 0l b E= ™ LI W= T Il D R B3EIlI T 2EAZE IM

Slide 39

European Space Agency



Terrain Corrected WS Sa
S1 TOPS Differential Interferogram & Coherence Levels  \<

= [16] coregi_stack esd_ifg_deb_dinsar_flt_sub_TC - [I\PSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg_deb_dinsar_flt sub_TC.dim] - SNAP a

Mindow el
a ANy REdeR: IEMED

[B [15] Phase_vv_03Mov2014_27Nov2014 X

File Edit View Analysis Layer Vector Raster Optical Radar Tool
S ) GoP gaa
AP LRBTLLTBE

Product Explorer X | Pixelinfo | -
[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] 51A_IW_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B45_TW3_VV

[5] 51A_TW_SLC__155V_20141103T195043_20141103T185057_003122_00385A_F396_IW3_VV_Orb

[6] 51A_IWi_SLC__155V_20141127T195042_20141127T195056_D03472_004117_2B48_IW3_VV_Crb

[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] coreqgi_stack_esd_ifg_deb_dinsar_fit

[15] coregi_stack_esd_ifg_deb_dinsar_fit_sub

[16] coregi_stack_esd
3 Metadata
(3 vector Data
23 Bands

i i_VV_D3Nov2014_27Nov2014
q_¥V_D3Nov2014_27Nov2014
topo_phase_VV_03Nov2014_27MNov2014
coh_IW3_VV_03MNov2014_27Nov2014
Intensity_WV_03Nov2014_27MNov2014
Phase_WV_03Novw2014_27Nov2014

¥ O [ [16] coh_Iw3_VV_03Nov20D14_27Nov2014 X ~ g

Aleiqr] prposg G

abevey) ket [}

1aBevep el )

o e O G G0 D D 0 0 0 0 6

Navigation - [16] coh_IW3_._. | Colour Manipulation - .. X | Uncertainty Visualisation | World View

Editor: () Basic (@)

1:5°)
@

Name: coh_TW3_VV_03Nov2014_27Nov2014
Unit: coherence

Win: 6,89E46,

Mak:l0.988

£ BT
9oy B

(]

A More Options @

X o-Y - lat -—-Llon - Zoom - Level — (<]
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PART 2
Unwrapping using SNAPHU
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E EXERCISE Processing Steps (PART 2)

— Phase Unwrapping (SNAPHU)
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Phase Unwrapping

Statistical-cost Network-flow Algorithm for Phase Unwrapping (SNAPHU)

[15] coregi_stack_esd_ifg_deb_dinsar_flt_sub - [IAPSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg_deb_dinsar_flt_sub.dim] - SNAP

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

&

Snaphu Export
Snaphu Import

N o \
oA 3:‘{3 Apply Orbit File . C R
Radiometric 4
Product Explorer X | Pixel Info Speckle Filtering » - ‘
[1] 51A_Iw_SLC__1S8V_20141103T135043_2014110 )
Coregistration 3
[2] §1A_Iw_SLC__1S8V_20141127T185042_2014112
[3] S1A_TW_SLC__155V_20141103T155043_2014110) Interferometric Lo Products 4
[4] S1A_IW_5LC__155v_20141127T195042_2014112 Polarimetric v Filtering v
[5] S1A_IW_SLC__155V_20141103T195043_2014110) Geometric v Unwrapping »
[6] S1A_IW_5LC__158V_20141127T195042_2014112 Sentinel-1 TOPS s PSINSBAS 5
17] coregi stack ENVISAT ASAR ’ InSAR Stack Overview
[8] coregi_stack_esd SAR Applicat .
cations
[5] coregi_stack_esd_ifg L
[10] coreqi_stack_esd_ifg_deb SIS '
[11] coreqi_stack_esd_ifg_deb_fit SAR Wizards 4
[12] coregi_stack_esd_ifg_deb_dinsar Complex to Detected GR
[13] coregi_stack_esd_ifg_deb_dinsar_fit Multilooking

O 0 G G O D Y ) G G G D G G

[16] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC

Navigation Colour Manipulation Uncertainty Visualisation World View X -

— 01 b=

Off Globe

- g

i
I

Lat

- Lon

=5
»
]
g
5
=2
F
=2

Jabeueyy eAe ([}

sabeuer e )

Zoom - Level - \;g
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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”

Read || SnaphuExport |

s

{zesa

Source Product

Mame:

Target folder: |I:\PSUAD‘|,sna|:|hu

Statistical-cost mode: | DEFO

|[15] coregi_stack_esd_ifg_deb_dinsar_fit_sub

Data Format: Any Format  w

Initial method: \MCF

Mumber of Tile Rows: |

Mumber of Tile Columns:

Mumber of Processors:

Column QOverlap:

Tile Cost Threshold:

|
|
Row Overlap: |
|
|

— 1 he c= BN - ] ==

= S I D O I e ER BN T RS2 EX BRI
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Phase Unwrapping

Virtual Machine (VM) Setup

Virtual Machine Settings
Hardware | Options
Settings E— Folder sharing
) ﬁ Shared folders expose your files to programs in the
=l General Mint 64 virtual machine, This may put your computer and
P Power your data at risk. Only enable shared folders if you
J]' ER i ThicT Enahled trust the virtual machine with your data.
@'«-‘Mware Tools Time sync off () Disabled
Unity (@) Always enabled
%3'““11"0@” Mat supparted Enabled until next power off or suspend
Folders
MName Host Path
].JI snaphu_... L:\PSUAD\Ground_Deformati...
Shared Folder Properties: snaphu_psuad “
Mame
snaphu_psuad

Host path

|I:‘I,P5U.ﬁ.D‘n,Ground_DeFormaﬁnn‘nprncessed\pnaphu | Browse...

o roprtes

Properties
Enabled
[]read-only
Help

Ok, Cancel Help

— Il e c= ™ W= "Il D - =011 T ==

=

c
17

7

=

-CSd

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%2620Mint%o
2064.zip/download

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
Linux and Windows.
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http://sourceforge.net/projects/s1tbx/files/snaphu_vm/SAR%20Mint%2064.zip/download

Phase Unwrapping
VM Initialization

— 01 b=

&

Mint 64 - VMware Player (Non-commercial use only)

Pyer v | I » & I T

Password: SarO1

- 4= := 1]

= O 11 T == =

I+l

’_

—

=
r

=

®
»
D
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Phase Unwrapping
Working in Linux Terminal

Player =

Mint 64 - VMware Player (Non-commercial use only)
- & 1

Terminal
|sar@Mint64

~/Desktop $

o = E |3 mwerminal |

— 01 b= - .=

Right Click and select
“Open Terminal Here”
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Phase Unwrapping

NAVigating to Processing Folder

=
=
7

==

f/

//‘—-

d=esa

y
f

Player = - &. T |DJ

Terminal
$ cd /mnt/hgfs/snaphu psuad/

lcoh_IW3 Vv _03Nov2014 27Nov2014.snaphu.hdr
{coh_IW3 VV 63Nov2814 27Nov2814.snaphu.img
[Phase_VV_83Nov2614 27Nov2014.snaphu.hdr
IPhase_VV_03Nov2014_27Nov2014.snaphu.img
snaphu.conf

<
-3

o = E |3 mwerminal - |

ki Mint 64 - VMware Player (Non-commercial use only)

insar_flt sub

> cd /mnt/hgfs/snaphu/

4

i
I

— 00 he = W - ] W

o) ® 4 07:58
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Phase Unwrapping
Running Predefined Unwrapping Command

| ki Mint 64 - VMware Player (Non-commercial use only)

B+ | 1]+ & 1L Unwrapping command

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

?I‘Jou_ 14. snaphu img
Nov20814.snaphu.hdr
27Nov2014. snaphu. img

> snaphu -f snaphu conf Phase _VV_03Nov2014 27Nov2014.snaphu.img 7546

E"@_
o = E |3 mwerminal | Y 07:58
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Phase Unwrapping

SNAPHU Processing

béq Mint 64 - VMware Player (Non-commercial use only)

Blayer « - &. i |DJ

L
Terminal

hu -f snaphu.conf Phase VV_83Nov2814 27Nov2014.snaphu.img 7546

snaphu v1.4.2
eters input from file snaphu.conf (84 lines total)
) e tile--disregarding multiprocessor option

Logging run-time parameters to file snaphu.log
Reading wrapped phase from file Phase VV ©3Nov2014 27Now2814.snaphu.img
No weight file specified. Assuming uniform weights
Reading correlation data from file coh IW3 WV 83Nov2814 27Nov2814.snaphu.img
Calculating deformation-mode cost parameters
Building range cost arrays
Building azimuth cost arrays
Initializing flows with MCF algorithm
Setting up data structures for cs2 MCF solver
Running cs2 MCF solver
Running nonlinear network flow optimizer
Maximum flow on network: 5
Number of nodes in network: 17127151

Flow increment: 1 (Total improvements: @)

e: 17127151 Pivots: 1284094 Improvements:

aximum flow on network: 2

Flow increment: 2 (Total improvements: 13378)
Treesize: 17127151 Pivois: 2 Improvements:
Maximum flow on network: 2
Total solution cost: 56922618
Integrating phase
Writing output to file UnwPhase VV 83Nov2814 27Nov2814.snaphu.img
Program snaphu done
Elapsed processor time:
Elapsed wall clock time:
sar@int64 /mnt/ aphu_psua stack_esd ifg deb dinsar_flt_sub §

¥ ; -
¥ :n

i -

cEE|Bn minal - |

’f

W % 08:26

|
|
]
]
|
|
|
[ 1L}
i
[
§
]
]
1
1]
[ ] |
Fi
NV
%N

I+l

Elapsed Time
00:26:23
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Phase Unwrapping

Import from SNAPHU format

= [15] coregi_stack_esd_ifg_deb_dinsar_flt_sub - [IAPSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg_deb_dinsar_flt_sub.dim] - SNAP

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

Snaphu Export
Snaphu Import

= oA ol § | Apply Orbit File . C R
Radiometric 4
Product Explorer X | Pixel Info Speckle Filtering » - ‘
9 [1]514_IW_5LC_ 155V_20131103T195043_2014110 )
Coregistration 3
S [251A W 5LC_ 1S5V_20141127T195042_2014112)
S [3] 51A_IW_SLC_ 155V_20141103T195043_20 14110 Interferometric Lo Products 4
S [4] 51A_IW_5LC_ 155V_20141127T195042_2014112) Polarimetric v Filtering v
S [5]51A_IW_5LC__155V_20141103T195043_2014110 Geometric v Unwrapping »
& [5] 514_IW_SLC__155V_20141127T195042_2014112) Sentinel-1 TOPS s PSINSBAS 5
8 17 coregistack ENVISAT ASAR ’ InSAR Stack Overview
& [8] coregi_stack_esd SAR Anplicat N
S [2] coregi_stack_esd_ifg pplications
S [10] coregi_stack_esd_ifg_deb SIS '
& [11] coreqi_stack_esd_ifg_deb_fit SAR Wizards 4
S [12] coregi_stack_esd_ifg_deb_dinsar Complex to Detected GR
S [13] coregi_stack_esd_ifg_deb_dinsar_fit Multilooking
& [16] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC

Navigation Colour Manipulation Uncertainty Visualisation World View X -

Off Globe

- g

i
I

— 01 b=

Lat

- Lon

=5
»
]
g
5
=2
F
=2

Jabeueyy eAe ([}

sabeuer e )

Zoom - Level - \;g
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Phase Unwrapping N\
Import from SNAPHU format

7=
®
(7))
Q

a=

 1-Read-Phase | 2-neadUnwrapped-Phase | 3-Snaphulmport | 4-rite|
Source Product
MName:
|[15] coregi_stack_esd_ifg_deb_dinsar_fit_sub

Data Format: | &

1-Read-Phase 2-Read-Unwrapped-Phase | 3-Snaphulmport | 4-Write|
Source Product
MName:
\UnwPhase_VV_03Nov2014_27Nov2014.snaphu v|[=]

| 1-Read-Phase | 2-Read-Unwrapped-Phase | 3-Snaphulmport | 4-4rite |

[] Do MOT save Wrapped interferogram in the target product

é '_| =

1-Read-Phase | 2-Read-Unwrapped-Phase | 3-Snaphulmport | +-Write |
Target Product
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Unwrapped Differential Phase (in radians) \= Sda

A SNAP N x|

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Search (Cirl+T)

aRARnBELATeHE r@AAINVRIOR: \MEED

Product Explorer X | Pixelinfo | — | [ 151 Phase_wv_osnova014_2miovaois x &
2 [1]51A_IW_SLC_ 1SSV_20141103T195043_20141103T195057_003122 003954 _F395 3
2 [2 S1A_IW_SLC_ 1S5V_20141127T195042_20141127T195056_003472_004117_2B48 g
2 [3] 51A_IW_SLC__155V_20141103T195043_20141103T195057_003122_00335A_F336_IW3_VV =

&
= [4] S1A_IW_5LC__155V_20141127T195042_20141127T195056_003472_004117_2B48_TW3_WV o
& [5] S1A_IW_SLC__155V_20141103T195043_20141103T195057_003122_00385A_F396_IW3_VV_Orb =
& [5] S1A_IW_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B48_TW3_VV_Orb
S [7) coregi_stack =
& [8] coregi_stack_esd %
&= [9] coregi_stack_esd_ifg =
& [10] coregi_stack_esd_ifg_deb C
8 [11] coregi_stack_esd_ifg_deb_fit ki
& [12] coregi_stack_esd_ifg_deb_dinsar
& [13] coregi_stack_esd_ifg_deb_dinsar_fit =
& [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub =
& [16] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC £
E-& [17] coregi_stadk_esd_ifg_deb_dinsar_fit_sub_unw z
(3 Metadata é
s
(23 vector Data -
(3 Tie-Point Grids
-3 Bands
[ Unw_Phase_ifg_03Nov2014_27Nov2014
Navigation - [17] Unw_Pha... | Colour Manipulation - . X | Uncertainty Visualisation | World View | — | [ [7] Unw_Phase _ifg_D3Nov2014_aNov2014 X
Editor: () Basic (@) Sliders () Table 2 E‘
Name: Unw_Phase ifq_03Nov2014_27Novan14 ﬁ @
Unit: abs_phase 9595 100%
Min: -28.078 b
Max: 25.834 @\} @é
Logyy 755
" L L 4 T 2 © =
c & o
& & b i 2 & & &
& & &
A More Options @
X 586 Y 736 Lat 14°51'49° N Lon 24°28'57° W Zoom Li7.2 Level 2 @
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PART 3

Displacement Measurements &
Terrain Geocoding
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E 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
S ) GCP c N
S% _BELTRIFK] wwonn ~vRYen s
Radiometric »
Product Explorer X | Pixellnfo | Speckle Fitering ) - =%
S [1] 51A_IW_SLC_ 155V_20141103T195043_2014110) X »
Caregistration 3 g
S [2] 51A_IW_SLC_ 155V_20141127T195042_20141132 g
= [3] S1A_IW_SLC__155V_20141103T195043_2014110 Interferometric Lo Products - Interferogram Formation =
&
5 [4) S1A_IW_SLC_ 155V_20141127T195042_2014112) Polarimetric G Filtering b Coherence Estimation [l
2
S [5] S1A_IW_5LC__155V_20141103T195043_2014110 Geometric v Unwrapping » T Or e n Phese Remeval
S [6] 51A_IW_SLC__155V_20141127T195042_2014112 Sentinel-1 TOPS » PSISBAS b el — =
[7] coregi_stack ENVISAT ASAR 3 ; =
S [8) coregi_stack_esd ) InSAR Stack Overview Phase to Height =
SAR Applications v H
&S [9] coregi_stack_esd_ifg Phase to Displacement =
S [10] coregi_stack_esd_ifg_deb SIS Phase to Elevation . @ i ;
@ [11] coreg_stack_esd sfg_ceb it AR Wizards , _ & Phase to Displacement ]
Integer Interferogram Combination
S [12] coregi_stack_esd_ifg_deb_dinsar Complex to Detected GR
S [13] coregi_stack_esd_ifg_deb_dinsar_fit Multilooking F||E He|p =
& [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub =
& [16] coregi_stack_esd_ifa_deb_dinsar_fit_sub_TC &
s _ i
1O Parameters | processing Parameters H
]
Source Product
source:
[17] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw (VRN
Target Product
Navigation X | Colour Manipulation Uncertainty Visualisation | World View -
Y MName:
@, coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw
o Save as: | BEAM-DIMAP w
3 Directory:
By C:\Usersimfoumelis
Open in SMAP
Run Close
X —¥ — Lat —Llon - Zoom - Level - @
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m_
Ground Displacement along the Line-of-Sight (LOS) \\K\L eéSa

/’

= | [17] coregi_stack esd_ifg_deb_dinsar_flt_sub_unw_dsp - [I\PSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw_dsp.dim] - SNAP - O -
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q Search (Cul+D)

Sh, o) ) 6P [N
a% Lui BEEroaANVEQOR S
Product Explorer X | Pixel Info — |[ B 1171 displacement x ~oOg
2 [1]51A_IW_SLC_ 1SSV_20141103T195043_20141103T195057_003122 003954 _F395 3
2 [2 S1A_IW_SLC_ 1S5V_20141127T195042_20141127T195056_003472_004117_2B48 g
2 [3] 51A_IW_SLC__155V_20141103T195043_20141103T195057_003122_00335A_F336_IW3_VV =
&
= [4] S1A_IW_5LC__155V_20141127T195042_20141127T195056_003472_004117_2B48_TW3_WV o
& [5] S1A_IW_SLC__155V_20141103T195043_20141103T195057_003122_00385A_F396_IW3_VV_Orb =
& [5] S1A_IW_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B48_TW3_VV_Orb
S [7) coregi_stack =
& [8] coregi_stack_esd %
&= [9] coregi_stack_esd_ifg =
& [10] coregi_stack_esd_ifg_deb C
8 [11] coregi_stack_esd_ifg_deb_fit ki
& [12] coregi_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 g
-2 [17] coregi_stack_esd_ifa_deb_dinsar_fit_sub_unw_dsp .(E‘n
43 Metadats B
433 Vector Data
%[22 Tie-Point Grids
=-23 Bands
- displacement
- [17] displacement | Colour Manipulation - [17] displ... X | Uncertainty Visualisation | World View | -
rr— =] <
! Unit: meters 95% 008
| Min: -0.114 ]
I Man: 0.124 @ @y
|
| =N
| Loayg F%
i =
: &
|
|
|
|
Il I 2 e @
a = 5 3 oo
I T L
S T
A More Options @
X 102Y 178 Lat 14°4707" N Lon 24°28'58"° W Zoom Li6.6 Level 2 @
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Geocoding of Sentinel-1 Ground Displacements

[17] coregi_stack esd_ifg_deb_dinsar_flt_sub_unw_dsp - [I\PSUAD\Ground_Deformation\processed\coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw_dsp.dim] - SNAP
File Edit View Analysis Layer Vector Raster Optical Radar|Tools Window Help

N g P 2 S @
A% LRELDE KT Awomne vREYeR =
Radiometric r
; - X

Product Explorer X | Pixel Info ‘ Speckle Filtering . m [17] displacement

2 [1]S1A_IW_S.C_ 1S5V_20141103T195043_2014110 -

Coregistration L]

S [2] S1A_IW_SLC_ 1S5V_20141127T195042_2014112)

S [3] 51A_IW_SLC__155V_20141103T195043_2014110 [isdfeiometnc Y

S [4] S1A_IW_5LC__155V_20141127T195042_2014112) Polarimetric P

= [5] S1A_IW_5.C__155V_20141103T195043_2014110 Geometric r Terrain Correction Range-Doppler Terrain Correction

S g sm_I.\nt_t:i:_lssv_zo1411271'195042_1014112 Sentinel-1 TOPS » Ellipsoid Correction G

coregi_sf
S [5] coreg_stad esd ENVISAT ASAR ' SAR-Mosaic SAR-Simulation Terrain Correction
- SAR Applications v ALOS Deskewi

2 [9] coregi_stack_esd_ifg eskewing

S [10] coregi_stack_esd_ifg_deb SARULIS) e Slant Range to Ground Range

& [11] coregi_stack_esd_ifa_deb_fit SAR Wizards 4 Update Geo Reference

S [12] coregi_stack_esd_ifg_deb_dinsar Complex te Detected GR

S [17] coregi_stack_esd_ifg_deb_dinsar_fit Multilooking

& [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

433 Metadata

-3 Vector Data

-3 Tie-Point Grids
=-&3 Bands
[ displacement
- [17] displacement | Colour -[171displ... X | Uncertainty Visualisation | World View =

Editor:

(7) Basic

Sliders () Table

A More Options

Name: displacement
Unit: meters
Min: -0.114
Max: 0.124

ey
a e
@4

L+ S
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\=CSd

o BEW

Q Search (Ctrl+T)

Jzbeue)) Jade [m Adegr] 3anpag

JzBeep sel I
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Geocoding of Sentinel-1 Ground Displacements

File Help

1f0 Parameters | Processing Parameters

=
=
Ya

=

N

File Help

1/0 Parameters | Processing Parameters

Source Product
source:

| [17] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp

Target Product
Mame:

|coregi_smd;_esd_ifg_deb_dinsar_ﬁt_sub_unw_dsp_TC

Save as:  BEAM-DIMAP v
Directory:

|C:‘.User5\mfoumelis

[+] Open in SNAP

Source Bands: displacement

Digital Elevation Model: |SRTM 35ec (Auto Download)

DEM Resampling Method: |B]J_U\EAR_]J\ITERPC)LATIDN

Image Resampling Method: |B]II_EI\EAR_]II\ITERPDLA'I'IDI'J

Source GR Pixel Spacings (az xrg):  13.98{m) x 3.3%(m)

Pixel Spacing (m): 15

Pixel Spacing (deg): 1.347472926 179282464

Map Projection: | UTM Zone 26 / World Geodetic System 1984

Mask out areas without elevation [ | Output complex data

Output bands for:

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

[] Incidence 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 indidence angle from DEM

[ ] 5ave Betad band

Auxiliary File (ASAR only):

|Latest Ausdiary File

— 0] b c= ®E - | === " R0 11

= = BR 01 T 22 EX ZE I¥l
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Terrain Corrected N\

S1 TOPS Ground Displacements \=CSa

A SNAP N x|

Q Search (Ctrl+1)

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
~ i Dea ) GCP hS
A CBEACR XErAAINTREYORZ |

Product Explorer X | Pixelinfo | — | [ 118] dsplacement_w 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] 51A_IW_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B45_TW3_VV
[5] 51A_TW_SLC__155V_20141103T195043_20141103T185057_003122_00385A_F396_IW3_VV_Orb
[6] 51A_IWi_SLC__155V_20141127T195042_20141127T195056_D03472_004117_2B48_IW3_VV_Crb
[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] coreqgi_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
433 Metadats
#1-[23 Vector Data
=-23 Bands
m

Aleiqr] prposg G

abevey) ket [}

1aBevep el )

M) 0 G O O G Y D G D O D G G G G

Navigation - [18] displace... | Colour i -[... ¥ | Uncertainty Vis! i World View

>0

B |
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Name: displacement_yV
Unit: meters
Min: -0.107
Max: 0.117

£® B3
g U @
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A More Options @
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Post-processing = Sa
Selection of Local Reference \&

E | [18] displacement_VV - [coregi_stack esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC] - [C\Users\mfoumelis\Desktop\coregi_stack _esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC.dim] - SNAP - o -
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Qr search (Ctrl+D)
& By Gl coneltivepiot P s o AN BRYQOR S
Scatter Plot
Product Explor, — | |8 (18] displacement_vv  x O &
Profile Plot
= [151A . l43_20141103T195057_003122_00395A_F336 3
S [251a @ | information l42_20141127T195056_003472_004117_2543 g
& [A51a] ** Geo-Coding 143_20141103T195057_003122_D0395A_F396_TW3_W A =
&
& [518] 4] Histogram M2_20141127T195056_003472_004117_2848_IW3_WV Statistics * | &
8 [S1A]%  siomistics H3_20141103T195057_003122_00395A_F356_IW3_YV_Orb =
& [6] 518_tw—ore—mmov—zmrrrmzrrroood2_20141127T195056_003472_004117_2B48_IW3_WW_Orb displacement_VV E@‘
G 17 coregi_stack #Pucks ol 2109151 27,500 0.125 Use ROI masks) =
& [8] coregi_stack_esd 25,000 0.100 — %
& [9] coregi_stack_esd_ifg R . =
22,500 - m
& [10] coreqi_stack_esd_ifg_deb Sigma: . N 0.075 2
S [11] coreqi_stack_esd_ifg_deb_fit Median: 20,000 T 0050 =
S [12] coregi_stack_esd_ifg_deb_dinsar Coef Variation: 17,500 E
: o5
& [13] coregi_stack_esd_ifg_deb_dinsar_fit S:;m - 15,000 ? 0,025 =
reshold: |0.! . ’ £
S [14] coregi_stack_esd_ifg_deb_dinsar_fit_sub P80 troshoid: [0.00%6 | 12,500 = 0.000 =
& [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC P85 threshald: [0.0077 S 0o =
& [16] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw P90 threshold: [0.0127 10,000 E 2 §
S [17] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp Maxerror: |2, 2356E4 7,500 0,050 selectal [ Select none ]
-8 [18] coreqi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp_TC 5,000 0.075 -
3 Metadata . Histogram accuracy
2,500 -0.100
33 vector Data [ Auto sceuracy
- a
=23 Bands 010 005 000 085 040 =0 75 Histogram accuracy:
Value Percentile (20) @
Navigation - [18] displace... | Colour L i i isati World View | -
Table bl |
Name: displacement_VV (E2]
_9596 1009:6
Max: 0,117 @y @y
Logyp Fia
@l
; 5 7 = ™
FO
moom oom Toom
I ta @ ™ ™
A More Options @
X =Y - Lat -—Llon - Zoom — Level — @
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Post-processing
Referencing Displacements

[18] coregi_stack esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC - [C\Users\mfoumelis\Desktop\coregi_stack esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC.dim] - SNAP

ThxvOooaeBms .

TW3_Vv
ERG
IW3_\W_Orb
IW3_WW_Orb

A
File Edit View Analysic Layer Vector |Raster| Optical Radar Tools Window Help
=% %}% A %4 BandMaths..
Product Explorer X | PixelInfo |
& [1 S1A_IW SLC_ 1SSV_20141103|
68 [2] SIA_IW_SLC_ 1SSV_20141127|
B [3]S1AIW SLC_is5v_20141103]  Geo-Coding Displacement Bands...
-8 [4] S1A_IW_SLC_ 1S5V_20141127] Subset..
-6 [5] S1A_IW_SLC_ 1S5V_20141103] Geometric Operations
i [5] S1A_IW_SLC_ 1SSV_20141127] —
& [7] coregi_stack
& [5] coregi_stack_esd Masks
-4 [9] coregi_stack_esd_ifg Data Conversion
&4 [10] coregi_stack_esd_ifg_deb Image Analysis
& [11] coregi_stack_esd_ifg_deb_fit Classification
&8 [12] coregi_stack_esd_ifg_deb_ding Export
&8 [13] coregi_stack_esd_ifg_deb_dinsar—mc
& [14] coregi_stack_esd_ifg_deb_dinsar_fit_sub
& [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC
& (18] coregi_stack_esd_ifg_deb_dinsar_fit_sub_urmw
B [17] coregi_stack_esd_ifg_deb_dinsar_fit_sub_urmw_dsp
=84 [18] coregi_stack_esd_ifg_deb_dinsar_fit_sub_urw_dsp_TC

- E2 Metadata
- (@3 Vector Data
-3 Bands
L@ displacement_vv

Navigation - [18] displace... | Colour

-[... X | Uncertainty Vis

World View

Editor: (") Basic (@) Sliders (7) Table

o
=1
@
m
&

% More Options

z-3P9'1-
£-3zT'T-
z-36T°1
z-315'2

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

E® BTV |
3 @9

(]

— 01 b=

- g

i
|

[E [18] displacement_vv X

A Band Maths
Target product:

[19] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp_TC
Mame: displacement_vV_ref

Description:

Unit:

a

Qy Search (Ctrl+])

Aleig] Pnpoid

Jabeuey Jaie [[f)

5 Band Maths Expression Editor

JzBeep sel I

Product: |{19] coregi_stack_esd ifg deb_dinsar fit sub unw dsp TC

Data sources: Expression:

displacement VV displacement ref + 0.0012

displacement ref

Constants. ..

Operators. . .

Show bands

Functions. . .
[] show masks

Show tie-point grids

Show single flags

=T = Lat

= S

- N 11

- Lon

no errors.

Help

Zoom - Level — @
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Post-processing N\

Arranging Colour Ramps \=CSa

e} SNAP a

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

aRF IRELTE NENOAAEINTEYOR 2 |

Q Search (Ctrl+1)

Product Explorer X | Pixelinfo | — | [ [28] displacement_ref X ~oOg
B4 [1] S1A_IW_SLC_ 1SSv_20141103T195043_20141103T 185057_003122_00395A_F396 3
B [2] S1A_IW_SLC_ 1S5v_20141127T195042_20141127T 185055_003472_004117_2848 g
B [3] S1A_IW_SLC_ 155v_20141103T 195043_20141103T185057_003122_00335A_F356_TW3_VV =

&
B [4] S1A_IW_SLC__155V_20141127T195042_20141127T 195056_003472_004117_2B48_IW3_W o
B [5] S1A_IW_SLC__155v_20141103T 195043_20141103T 185057_003122_00395A_F356_IW3_VV_Orb =
& [6] 51A_IW_SLC__155V_20141127T 195042_20141127T 195056_003472_004117_2B48_IW3_W_Orb
& (7] coregi_stack =
& (8] coregi_stack_esd %
B [9] coregi_stack_esd_ifg =
B3 [10] coregi_stack_esd_ifg_deb %
-6 [11] coregi_stack_esd_ifg_deb_fit ki
&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 £
& [16] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw g
B [17] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp .IE‘H
(=B [18] coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC [
3 Metadata
(3 vector Data
&3 Bands
[ dsplacement_yv
[ displacement_ref
Navigation - [18] displace... Colour - [... X | Uncertainty Visualisation World View | -
Editor: () Basic (@) Siders () Table SE
Mame: displacement_ref EJ 'gﬁ A
Unit: null 5% 10088 Statistics Xl
Min: -0. 106 ]
Max: 0. 118 i 1
(G d.spchem‘enthf =
#Pixels total: 2109131 5
Q Q 27,500 0.125 Use ROI mask(s):
a5
Lo 55 25,000 0.100 Filter:
22,500 -
Sigma: X 0000 0,075
Median: -7.5363E4 = T o050
Coef Variation: [NaM 17,500 E
ENL: NaM @ 0.025
5 A
P75 threshold: [0.0042 g 15000 o —
P80 threshold: [0.0058 12,500 : :
P85 threshold: [0.0089 10,000 3 0.0z
PS0 threshold: [0.0139 g
Max error: 2.2356E-4 7,500 -0.050 Select all Select none
5,000 -0.075
2,500 0100 Histogram accuracy
0 [¥] Auto accuracy
(
-0.10 -0.05 000 0.05 0.10 25 50 75 100 Histogram accuracy:
Value Percentile (%) @
A More Options @
X —-Y - lat -—-Llon - Zoom — Level — @
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Post-processing
Spatial Profile Plots

File Edit View Analysic Layer Vector Raster Optical Radar Toals

a%2iE e e

v Help

T 0A A"

SNAP

Product Explorer X | PixelInfo |

D DD D D D D D A DD D D

[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] coregi_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
[18] coregi_stack_esd_ifg_deb_dinsar_fit_sub_urw

3 Metadata
(3 vector Data
£ Bands

- displacement_yv
[ displacement_ref

B
B

[1] S1A_IW_SLC__1S5V_20141103T195043_201411037195057_003122_00395A_F396
[2] S1A_IW_SLC__1S5V_20141127T195042_20141127T195056_003472_004117_2648

[3] S1A_IW_SLC__1S5V_20141103T195043_20141103T185057_D03122_00395A_F336_TW3_WV

[4] S1A_IW_SLC__155V_20141127T185042_20141127T 185056_D03472_004117_2648_IW3_WV

[5] S1A_IW_SLC__155V_20141103T185043_20141103T 195057_003122_00335A_F336_IW3_V_Orb
[6] S1A_IW_SLC__1S5V_20141127T185042_20141127T 195056_D03472_004117_2B48_IW3_WV_Orb

[17] coregi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp
[18] coregi_stack_esd_ifg_deb_dinsar_fit_sub_urw_dsp_TC

Navigation - [18] displace... | Colour -[..

X | Uncertainty Visi World View

liders  (7) Table

| |

o
m
m

2-35'1-

% More Options

Mame: displacement_ref

Unit: null
Min: -0.106
Max: 0.118

z-38'1
z-35

E® BTV |
% @
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i
I

[E [18] displacement_ref

\=CSd

a

Q Search (Crl+])

]
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5
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8
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=
F
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=
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&
[}
Profile Plot X
Profile Plot for displacement_ref = H
0.100
e [] Use ROI mask:
0.075 geometry
[
£ ooso
z Compute in-between points
g 0.025
% 0.000 [] Use correlative data
é. Point data source:
£ .0.025
Data field:
-0.050
100 200 400 500 €00 700 800 900 1,000 1,100 1,200 1,200 1,400 1,500 1,600 1,700 X-Axis
Path in pixels 41 Atk min fmaae
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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

File Ecit View Analysis Layer Vector |Raster| Optical Radar Tools Window Help

- o EN

N . N
S BRI AY INVEYe R |
Product Explorer X | PixelInfo | - &

@ [1] S1A_IW_SLC_ 1SSV_20141103] g

@ [2] S1A_Iw_SLC_ 1SSV_20141127] E

6 [3] S1A_IW_SLC_1S5V_20141103] Geo-Coding Displacement Bands... w3_w 4

B [4] S1A_IW_SLC_ 155V_201411271 Subset... IW3_WV § ) ) n i

- [5] S1A_IW_SLC_ 155V_20141107] Geometiic Operations = Level-3 Binning E REp[OJECtIOﬂ =
S [6] S1A_IW_SLC_ 155V_20141127] e N
& [7] coregi_stack Mosaicing File Help &
& (8] coregi_stack_esd Masks 4 Reprojection 2

& [9] coregi stack_esd ifg Data Conversion v Resampling _— =

&8 [10] coregi_stack_esd_ifg_deb Image Analysis 3 Collocation IjO Parameters | Reprojection Parameters z

-8 [11] coregi_stack_esd_ifg_deb_fit Classification » . i

8 (12 ootk exd_fo_0eb S gy . Coordinate Reference System (CRS)

&8 [13] coregi_stack_esd_ifg_deb_dinsar—mc .
& [14] coregi_stack_esd_ifg_deb_dinsar_fit_sub =
& (15 curegi_stad(_esd_ifg_deb_dinsar_ﬂt_sub_TCI ‘ ) : %
&l [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub_urmw Geodetic datum: |World Geodetic System 1984 3
& [17) coreqi_stack_esd_ifg_deb_dinsar_fit_sub_unw_dsp 2

R W115) coregi_stack._esd. ifg_deb_disar_fit_sub_umn_dsp TC Projection: Geographic Lat/Lon (WGS 84) W

| Predefined CRS Selec
| Use CRS of [15] coregi_stack_esd_ifg_deb_dinsar_fit_sub_TC
% | Colour Wiorld View -
®% Qutput Settings
@, Preserve resolution Reproject tie-point grids
o Output No-data value: MaM
o )
[QZ [] Add delta latflon bands Resampling method: | Mearest W
Output Information
Scene width: 2171 pixel Center longitude:  24%23'34™W
Scene height: 2425 pixel Center |atitude: 14%55'31" N
CRS: WGESa4HDD) Show WEKT
Run Close
1:61.51 0 = @
X —-Y - Lat -—Llon - Zoom — Level — @
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Inspection of Reprojected Products

= | [19] displacement_ref - coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC reprojected - I\PSUAD\Ground_Deformation\processed\coregi_stack esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC reprojected.dim - SNAP

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

aB ILBELsseXErgasTINvE2OR

T
m

Product Explorer X | Pixelinfo |

[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] 51A_IW_SLC__155V_20141127T195042_20141127T195056_003472_004117_2B45_TW3_VV

[5] 51A_TW_SLC__155V_20141103T195043_20141103T185057_003122_00385A_F396_IW3_VV_Orb
[6] 51A_IWi_SLC__155V_20141127T195042_20141127T195056_D03472_004117_2B48_IW3_VV_Crb
[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] coreqgi_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
3 vector Data
=-E3 Bands
i@ displacement_vv

i displacement_ref

e ) D D 0 O G G D D O D O D G D D

Navigation - [19] displace... | Colour i -[... % | Uncertainty Vis World View

Mame: displacement_ref
Unit: null

Min: -0.07

Max: 0.087

Rough statistics!

- yrem
. 0 o = s
& - £ b m
i o 2 m g
) m b L2
i w

A More Options

@ P Puv |
IO

@

— 01 b=

[ [19] displacement_ref

L+ S
rals

X

1287 ¥ 1345

\=CSd

> IEW

Q Search (Ctrl+1)

(]
n]

e Prpolg

abevey) ket [}

1aBevep el )

Lat 14°5426" N Lon 24°21'54" W Zoom 3155.4:1 Level 1 @
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(s,
Export to Google Earth (*.kmz file) &:’esa

z | [19] displacement_ref - coregi_stack_esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC reprojected - I\PSUAD\Ground_Deformation\processed\coregi_stack esd_ifg_deb_dinsar_flt_sub_unw_dsp_TC_reprojected.dim - SNAP - O
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
GCP Boa ) 6P S
& Open Product.. = | el w k@g,& T EYei s .
Recpen Product »
S Product Librory [ — | [ 1290 displacement_ref x ~og
1103T195043_20141103T 195057_003122_00395A_F396 =
Close Preduct 1127T195042_20141127T195056_003472_004117_2B48 £
Close All Products 1103T 195043 _20141103T 195057_003122_00385A_F336_IW3_WV =
&
o
=2

11277195042_20141127T135056_003472_004117_2B45_IW3_W
1103T195043_20141103T 195057_003122_00395A_F396_IW3_VV_Orb

Close Other Products

save Product 1127T195042_20141127T 195056_003472_004117_2B48_IW3_WV_Orb
Save Product As... =
Session 3 g
Import 3 z
g
Export 4 Other v Colour Legend as Image L
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 =
ﬁ:} \:Dregl_sttzz_es:_lf;_je Y '
coreg_stack_esd_I'g_de Save in: . outputs ]
[17] coregi_stack_esd_ifg_de| | TN/ : &
[18] coregi_stack_esd_ifg_de] GeoTIFF i_stack.dat: _
[19] mre:.,stad(,esd,.fg,de HDF5 View as Image I . CU'EQf_StECk- 3; .
Metadata 3 | coregi_stack_rg.data
vo— NetCDF4-BEAM View as Google Earth KMZ e B gLstackrg
53 e MetCDF4-CF Recent Ttems | coregi_stack_rg_az.data
B dsplacement_yv NetCDF-BEAM | coregi_stack_rg_az_ifg.data
B dsplacement ref MetCDF-CF | coregi_stack_rg_az_ifg_deb.data
. , coregi_stack_rg_az_ifg_deb_dinsar.data
Navigation - [19] displace... | Colour -I... X | Uncertainty Vis World View Desktop | coregi_stack_rg_az_ifg_deb_dinsar_flt.data

, coregi_stack_rg_az_ifg_deb_flt.data
J STA_IW_SLC__155V_20141103T195043_20141103T195057_003122_00395A_F396_IW3_WV_Orb.data

Editor: (_)Basic (@) Siders (7) Table

Bw| |
@,

‘ e Cepbacemant,rof| Ui Ll | STA_IW_SLC_ 155V_20141127T195042_20141127T195056_003472_004117_2B48_[W3_VV_Orb.data
,E%;E:gg, g:g g:} Documents snaphu . . .
igh statistics! J subset_coregi_stack_rg_az_ifg_deb_dinsar_flt.data
@" & "L J subset_coregi_stack_rg_az_ifg_deb_dinsar_flt_unw.data
Loay §55 ||| L J subset_coregi_stack_rg_az_ifg_deb_dinsar_flt_unw_dsp.data
This PC J subset_coregi_stack_rg_az_ifg_deb_dinsar_flt_unw_dsp_TC.data
subset_coregi_stack_rg_az_ifg_deb_dinsar_flt_unw_dsp_TC_reprojected.data

File name:

Network .
Files of type: | kMz - Google Earth File Format (* kmz)

A More Options @
I =7 = lat -—-lon - Zoom — Level — @
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Data 510, NOAA, U.S. Navy, NGA, GEBCO

Google Earth
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Google Earth

Data SI0, NDAA, U.S. Navy, NGA GEBCO
Image © 2016 CNES / Astrium

eye alt 41.53 km O
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Imagery Date: 2/3/2016
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Data S10, NOAA, U.S. Navy, NGA, GEBCO
Image © 2016 CNES / Astrium
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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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