Tutorial on Atmospheric Delay Mitigation on Single (or few)
Interferograms using Sarproz

Mining activities detection in Poland

Data: 2 Sentinel-1 images

Objectives:

 understanding the concept behind atmospheric delay mitigation with few images
« Getting familiar with the new Sarproz module for extended data visualization/export

www.sarproz.com



SARPROZ

The SAR, InSAR, PSI, ... PROcessor, by penz

Select Dataset Dataset Description J

Run Sarproz and make sure you have a version later
than 12 April 2019

Site Processing 4 Small Area Processing J

Note: Keep the command prompt visible and take the time
d ikl bods to read the messages from the software. This will

copyright 2009-2019 Daniele Perissin, info@sarproz.com save you 1- ime.

MATLAB R2014a

HOME

<= = 5] 32 3/ v home » periz ¥ SAR » matlab » pcodes »

HIEp_Liiy_Tiud . Ul =lided

file /dataG/POLAND_MINES/RESULTS/GEQ/20190319- 20190331 phase_1_1_mod_geo.kmz written

aoedsso | O K

Current Folder

Run Google Earth manually
Welcome to SARPROZ
by Daniele Perissin, copyright 2009-2019, www.Sarproz.com

Messages from this session are written in file 12_apr_2019 10 31_16 sarproz.log
directory /home/periz/SAR/matlab/pcodes

pcodes generated on: 12-Apr-2019 10:26:25, dtype: O,

Configuration check... ...Done!
no parallel session will be opened

WWwWWw.Ssarproz.com




POLAND_MINES

30 POLAND_MINES SLC
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Create a project folder and a subfolder named "SLC"
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welcome to SARPROZ

by Daniele Perissin, copyright 2009-2019, www.Sarproz.com

Messages from this session are written in file 12 Apr_2018 10 31 16 sarproz.log

directory shome/periz/SAR/matlab/pcodes
pcodes generated on: 12-Apr-2019 10:26:25, dtype: O,
Configuration check... ...Done!

no parallel session will be opened
X ==

Modified
Apro

[4]
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SLC

< [ data0 POLAND_ MINES Q =
© Recent Name a~  Size Type Modified
4 Home g S1B_Iw_SLC_ 15DV_20190319T163413_20190319T163440_015426_01CE3E_459D.SAFE 6items Folder Mar 20
[l Desktop E S1B_IW_SLC__1SDV_20190331T163413_20190331T163440_015601_01D3F4_8920.5AFE 6items Folder Mar 31
[ Documents
~» Downloads
dd Music
@ Pictures « Download the above Sentinel images and copy them in
'™ Videos the SLC folder
{ Trash
ki Note: in Windows you have to manually unzip the data. In
@ Computer Unix Sarproz unpacks data automatically
B Connectto Server
o Note: in this tutorial we will use only two Sentinel images.
‘:"E You could use more if you like with the same settings
g f1

welcome to SARPROZ
by Daniele Perissin, copyright 2009-2019, www.Sarproz.com

Messages from this session are written in file 12 Apr_2019 10 31_16 sarproz.log
directory /home/periz/SAR/matlab/pcodes

pcodes generated on: 12-Apr-2019 10:26:25, dtype: O,

Configuration check... ...Done!
no parallel session will be opened B
Jx o -
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DATASET SELECTION - /data0/POLAND_MINES/

— Site Directory

fdata0/POLAND_MINES/ ( Select ;._SLC Data List
[ Untar
— Data Set Get Contents

Del tar

Samples Lines Images Nr

Primary Secondary — Channel selection

The SAR, InSAR, PSI, ... PROG Polarization Subswath (=0
— Master and Images Selection Q

Master

En EME Etin BtFin i =
/ — Data Selection
v| | 3500 | 0.5 -Inf/ | Inf Single Image
/

—— - - Al O Update - Get Weather
— Images Combination & Connections Selection

Coher Delta Delta (1 Ext. Orb.
Images Graph Tiies o Bt Save As ] Set Orbits J View Footprints J View ParametersJ

: : k Deskewed
Site Progessing | | 0 | Inf | Inf Plot Graph
- . - — Master Selection—— — Area Selection

Current Selection / 3 Latitude Longitude Radius [km] Max Area
’7 Nr of Selected Images: 0 Nr of Connec?/ons: 0 |
| | 20 [

Select Dataset

SLC Data ImportJ\ Advanced params ] /Weather Module J Samples Lines RgOVS Az OVS

copyright 2009-2019 Daniele Peni ] J / o ,— ,— ’T ,T

Load Aux Data Export Site Param J

Load Temp

Manage Version ‘ Plot Dataset ‘ OK J

Final l— l— View

5 : - — Data Processin
HOME £ SARPROZ (c) 2009-2015, the SAR PROCessor by periZ :

<= = (5] 38 3/ » home » periz » SAR » matlab _| View Master J Stop [single img]]
HI1Ep_Liyg_niud. Jul 2liued k|
Delta 30 Slaves Extraction [] ovw View Ex. Sl.
file /data@/POLAND MINES/ARESUITS/GEQ/20190319- 20190331 phase_1_1 mod_geo.kmz/ written |
Co-reg. param. View Co-reg. Sl.
: " p gpeem. | | Ve coreas! |
1. Click on "Select Dataset

welcome to SARPROZ SARPROZ (c) 2009-2018, the SAR PROcessor by periZ Refrash oK
by 2. Click on “"Select" and choose the
e project directory previously created  |.:.1o

di TCLOTY JTONMEFPET IZ7 SAMy Ma L a7 prode \

=

soedsyiom | ©

Current Folder

pcodes generated on: 12

R -2 The SLC data processing window will open up
Conftiguration check...

" no parallel session wil (if nOT, CliCk on SLC dC(TC( impor‘T)

WA SArproz com ':.,/AR [+]




— Site Directory- 7] SLC DATA Processing
(data0/POLAND_MIMES/ Select ata Lis

= | Untar : T = -

= R otn SEeE T, Sensor: SE_N INEL 13, Im_ages Nr: 2
; Del tar Single Polarization

Samples Lines Zmos Images Nr

SARPROZ

The SAR, InSAR, P5I, ... PROce

Primary Secondary

— Master and Images Selection
En DC Etin BtFin

Master — Data Selaction
| | 3500 | 0.5 | Inf | Inf
E

Select Dataset

Al Update

— Images Combination & Connections Selection

h Coher Delta Delta ;mr/eAs J & Ext. Orb. e ) ) )
Images Grap Thres Bn Bt T Set Orbits Wiew Footprints ‘iew Parameters

Site Processing | | 0 | i | nf Plot Graph T
— Master Selection— | ,“Area Selection
Current Selection Latitude Lon}j&é& Radius [km] Max Area
G ’7 Nr of Selected Images: 0 WConnections: 0 | ! ! [ 20 =

SLC Data Import ‘ Advanc/aﬁp/arams J Weather Module J Lines RgOVS Az OVS

I .

copyright 2009-201 9 Daniele Peris
Load Termp J oad Aux Data | Export Site Param ]

i View
Manage Version Plot Dataset ‘ :

oK |

HOME 0TS ARPS SABPROZ (c) 2005-2019, the SAR PROcessor by penZ
4= = 5 & =/ » home » periz » SAR » matlab View Master I Stop [single img]J

Esa{;l’figfgﬁ:gcizr’i{g:taOIPOLANB—MINES’ISLC’; 0 Slaves Extraction [] oww Wiew Ex. Sl
. w . : ; ’i Wiew Co-reg. Sl.
1. Click on “Get Contents". The sw will detect [ 727 ese st owcorensl
the 2 Sentinel images P T

L]t

soedsyion | ©

Current Folder

First 13/201590319T 163440 01

2. Select Subswath nr 2

2 1magy
Pol. List: WV, VV,

sensor: senTIneL-18, 1 3. Press the button “"Go"

Single Polarization

o ;Eentinel TOPS detected: choose the subswat 4. Pr,ess The bu.'..'.on “Se.l. Or.bl.l.s”

[«] ! MO SArRroz.com 6/48 1+
IIIL| ™ /




— Site Directory =
SLC DATA Processing

— SLC Data List

— Data Set : A — Untar Sensor: SENTINEL-1B, Images Nr: 2
Samples  ---- Lines Images Nr Del tar Single Polarization

Primary Secondary

[data0/POLAMND_MINES/ Select

SARPROZ

The SAR, InSAR, PSI, ... PROCE

— Channel selection

— Master and Images Selection Polarization Subswath
En DC Btin BtFin

Master

-] |3500 |0.5 | Inf | Inf _ Data Selection

Select Dataset Single Image

— Images Combination & Connections Selection o All Update Get Weather

Coher  Delta Delta
Images Graph E Bn Bt QSave 83 Ext. Orb. : " ” .
Site Processin Set Ot | “iew Footprints “Wiew Parameters ‘
g | | | 0 | Inf | Inf Plot Graph Deskewed
Current Selection

— ’7 Nr of Selected Images: 0 Nrof Connections: 0 | 20190319 - Latitude /Longitude Radius [km] Max Area

| 40782 /1| 18.7465 || 20 H

— Master Selection ~ — Area Selection

SLC Data Import ‘ Advanced params ‘ Weather Module J No daily rain/snow
data available Samples Lines Rg OVS Az OVS

Load Temp | Load AuxData |  Export Site Param | i 8790 3160 1 1
Manage Version ‘ Plot Dataset ‘ oK nal 8790 3180 Miew

HOME SARPROZ (c) 2009-2018, the SAR PROcessor by per, —Data Processing
<= = (5 5 =@/ » home » periz » S4R » matlab

copyright 2009-201 9 Daniele Peris

Wiew Master J Stop [single img]]

] 1

aoedsyion | ©

Reading External Orbits

Doetitits Aeki+ 5 vend far 1D amd onlosoosro Delta 0 _l DOW View Ex. Sl. ]
1. After setting the orbits, the software will |, 2 csz0ro0s00. cor reg faram. | | jGONSSSUSNSRN  ViewCoreq.sl

populate the Master and Area panels

Current Folder

SARPROZ (c) 2009-2019, the SAR PROcessor by penZ Refresh ] oK J

Automa

relarit 2, Click on View footprints. In windows, GoogleEarth will
chosen automatically open up. If not (or for other OS), open
o GoogleEarth manually and load the file indicated in the
command prompt

ey TTEave TTO T T=eTT TTaCEEgT T

Calcul

WWWw.sarproz.com




Google Earth Pro
File Edit View Tools Add Help
P Search Sign in
¥ Places
v (B My Places

Untitled Placemark
Untitled Placemark r ; : y
telcomest Ry 2 ' gt o (Katowice . < =
mporary Places Sy ' v : ; /_,}'
~ footprints A e

CKrakow.

C
EhE ~Ostrava

s&@?ﬁ}u

o] ¥ Layers
: doml‘ Primary Database
B Announcements
¥ Borders and Labels
Autol Places

= Photos

gion . . 1 : . Lesser'Poland'Voivodeship

OlomouciRegion

Preci (\!D'I\omouc

Tatra Mountains

3D Buildings
£* Ocean

Gallery
'@ Global Awareness

[ More ) ]
Terain This is the footprint

corresponding to Subswath nr 2 $ 0T ST  Jone " ;

Run €

Fun €

" ' ¥,
© 2018 Google . —t R
Image,l_-z{nclsarf‘(:opernicus \G/OOQIE/Eart‘h
)¢ : S (-} :
lat 49.773045° lon 18.685481° elev 0 mm=eye-alt 248.55 km

ravian Region




— Site Directory

/data0/POLAND_MINES) — SLC DATA Processing
— SLC Data List

— Data Set : e e Untar Sensor: SENTINEL-1B, Images Nr: 2
Samples Lines Images Nr ] Del tar Single Polarization

Primary Secondary — Channel Selection

SARPROZ

The S5AR, InSAR, PSl, ... PROce

— Master and Images Selection - polarization Subswath
EmE En DC BtFin

-] | 3500 | 0.5 _ Data Selection

Single Image

— Images Combination & Connections Selection Al Update Get Weather

Coher Delta Delta
Images Graph e Bn Bt m Ext. Orb. |

Site Processing i v| | 0 | Inf | Inf Plot Graph Deskewed
— Master Selection— — Area Selection

50190310 3 Latitude Longitude Radius [

| 40,9606 | | 186486 | | 20

Select Dataset

Sj=ie Elpeje] \iew Footprints ] View ParametersJ

Current Selection
m— ’7 Nr of Selected Images: 0 Nr of Connections: 0 |

SLC Data Import ‘ Advanced params ‘ Weather Module J

Mo daily rainjsnow
data availabl g OvS Az OVS

Load Temp ] Load Aux Data J Export Site Param J Size 8790 3160
Manage Version J Plot Dataset J oK Final 8790 3160 View

SARPROZ (c) 2008-2019, the SAR PROcessor by periZ 726ta Processing
< = (5 & =/ » home » periz ¥ SAR » matlab . .
i Stop [single |mg]]

Restitute Orbit i1s used for S1B and 2019/03/31 L WW—EXSlJ
1. Set the center of the area to extract to the sgperam. | | jSouggienl  viewcoreo sl |

coordinates here indicated. Keep the 20km radius e
Automgtic Mastar: 201GAI10

Pt 2. Click View and open GoogleEarth if it does
Chiosen not start automatically

Polary

copyright 2009-2019 Daniele Peris

D]

soedsylof | O

Reading External Orbits

Current Folder

Calculating the Area given a radius of 20 km

1 Slave images have not been extracted!!
fI' e
[«
m-|

VWWW.SdT PTUZ T CUTIT




Google Earth Pro
File Edit View Tools Add

P Search

¥ Places

Silesian Voivodeship

Untitled Placemark
! telcomest
Temporary Places
== footprints
) 20190319
v|¢") 20190331

< MasterArea CKrakow

e Eﬁﬂ

¥ Layers
downl_—5

I';‘rimary Database
B Announcements
| 1° Borders and Labets
Autom Hlaces
Polar 2 Photos
E= Roads
Chose d 3D Buildings
€3 Ocean
ﬁ Weather
¥ Gallery
@ Global Awareness

3 Mmore

Terrain

Preci

nt Folder 4

(-}

Run €

Run €




SARPROZ

The 54R, InSAR, PSI, ... PROcE

Select Dataset J

Site Processing J A

QK J

copyright 2009-201 9 Daniele Peris

HOME

PLOTS APPS
<= = (5 & [/ » home » periz » SAR » matlab
SLC data extraction

setimageconf:

— Site Directory

/data0/POLAND_MINES/

Select

SLC DATA Processing
— SLC Data List

converting from SLC data

— Data Set : ——— Untar Sensor: SENTINEL-1B, Images Nr: 2
Samples - Lines = Images Nr 0 Del tar Single Polarization
iy Secondary - — Channel Selection
— Master and Images Selection - Polarization Subswath
Master BEn DC Btin BtFin
| | 3500 | 05 | nf | Inf — Data Selection
Single Image
— Images Combination & Connections Selaction ® All Update Get Weather
Coher Delta Delta
Images Graph TR Bn Bt —JSave £5 Ext. Orb. : : " .
=jzie lrejes | “iew Footprints I View Parameters‘
v| | 0 | Inf | Inf Plot Graph Deskewed
7 — Master Selection — Area Selection
Current Selection _ _ _
’7 Nr of Selected Images: 0 Nrof Connections: 0 | 30190319~ Latitude  Longitude Radius [km] Max Area
o | 40,9606 | | 186486 | | 20 [l
SLC Data Import ‘ Advanced params ] weather Module ] Mo daily rain/snow :
. data available Samples  Lines RgOWS Az OVS

Export Site Param J

QK

SARPROZ (c} 2008-2018, the SAR PROcessor by penZ

Load Temp ] Load Aux Data ‘

Manage \Version ] Plot Dataset J

Current Folder

1. Click on "Master Extraction”

2. Optionally, you can plot the Master

f{;\-;\-

1 Slave 1mages have not been extracted!!

Size 8790 3160 1 1
Final 8790 3160 \iew

Stop [single img]J

View Ex. Sl
Wiew Co-reg. Sl

\iew Master ]

[ ovw

SARPROZ (c) 2008-2019, the SAR PROcessor by penz

Refresh oK

o

L] 2

aoedsyiog | O

[«]




SLC DATA Processing

jdata0/POLAND_MINES/ Select — SLC Data List

v : _ :
= I Untar Sensor: SENTINEL- 18, Images Nr: 2
— Data Set Del tar Single Polarization

Samples Lines Images Nr
SARPROZ : - — Channel Selection

Primary Secondary S
The SAR, INSAR, PSI, ... PROCE Palarization Subswath

— Master and Images Selection

— Site Directory

Bn BE Btin — Data Selection
-] |3500 |0.5 | -Inf Single Image

L5t
(o Al Update Get Weather

— Images Combination & Connections Selaction Ext. Orb.

Coher Delta Delta SEi Ents | View Footprints J View ParametersJ
Images Graph e Bn Bt ﬂj Deskewed #

= | | 0 | Inf | Inf Plot Graph — Master Selection— — Area Selection

e e 50190319 E Latitude Longitude Radius [km] Max Area

: [u] i Z 4] E Z > .
— ’7 Nr of Selected Images Nr of Connections | Mo B | 40.9696 | 18.6486 = | 20 n
data available Samples  Lines RgOVS Az OVS

Master

Select Dataset

Site Processing

SLC Data Import J Advanced params J Weather Module J

copyright 2008-201 9 Daniele Peris Size 8790 3160 1 1
Load Tem Load Aux Data Export Site Param : 4
aallited giiiliaicand  Cociccaong Final | 8790 [ 3160 —

— Data Processing

PLOTS

D

. Wiew Master J Stop [si
= 5 i 3/ » home » periz » SAR » matlab » pcodes »

1 DLave Liidyco 1lave 1TuL Ueell SA Ll dulour ¢

Delta 0 Extraction View Ex. Sl.
Processing the SLC data Preparation

Co-reg. param. View Co-reg. Sl.

]t

aoedssom | O

Current Folder £

1. Click on "Salve Extraction”
I Sdve J.Illd\dt: TIave 1100 Tl X T actedy | 9‘2019, the SAR pROCessorbyper—rZ Refresh OK

Extracting Slave Images

scdal 2. Optionally, you can plot the Slave

Extract Slave from a different look: date 20190331...Done.

The Processing concluded successfully, here a specific message:

SLC data Preparation: job ended
Elapsed Time: 17 seconds
12- Apr-2019 10:53:40

Www.sarproz.com




— Site Directory

SLC Data List

/data0/POLAND_MINES/
/data0/POLAND_MINES; e

Del tar

Sensor: SENTINEL-1E, Images Nr: 2

~ Data Set % Figure 3 Single Polarization

SARPROZ Samif File Edit View Insert Tools Desktop Window Help
The SAR, INSAR, PSI, ... PROGE i SRR | 09 RL-|E |@E | ald Subswath GO
— Master

Image 20190331

Single Image

Select Dataset J : :
A | 1000 Update Get Weather
— Images :
i 2000 [ et Onbits | \iew Footprints J Wiew ParametersJ
Site Processing J -
- 7. 3000 —__ — Area Selection
AL = E Latitude Longitude Radius [km] Max Area
’ Z 4000 f
-— ’7 Nr; 2 » | 499696 | | 18.6486 | 20 |
s £ 5000 Samples  Lines RgOVS Az OVS
dlc ]

Size 8790 3160 1 3
Final 8790 3160 View |

copyright 2009-2019 Daniele Peris

Loaa 6000

F000

HOME PLOTS APPS - - . - ¥
4= = (5 I =/ » home » periz » SAR » matlab » pcodes » : UL R J Seplsias lmgl_J P
g Delete FORMER and LATTER Folder /data0/POLAND_MIMES 500 100 1500 2000 2500 3000 0 I [ oww View Ex. Sl. = g
E Line [pix] - = u;%_
= Done. :M View Ca-reg. Sl g
5 1. Click on "Co-registration" .

'%&}S TR T e W@rbw}eﬂz Refresh
"""""" 2. Optionally, you can plot the co-registered slave
The coregistration was concluded succesTully
The processing concluded | 3 When done, click on "OK" to close the module
SLC data Preparation: job ended
Elapsed Time: 30 seconds . . . . . w
12 Apr-2018 10155 44 Note: Instead of clicking on Master and Slave extraction, you can directly click on "co-
File /data0/POLAND_MINES/EXT/20190331,/20] r‘egiSTr'a‘l'ion", the sw will GUTomClTiCG”y extract Master and SIGVC, if needed.
““{T e WWW.Sarproz.com 13/48 =




DATASET SELECTION - /data0/POLAND_MINES/

— Site Directory-

/data0/POLAND_MINES/ Select

— Data Set

- Samples 8790 Lines 3160 Images Mr
SARPROZ

1 Primary SENTINEL-1B Secondary
The SAR, InSAR. PSI, ... PROC

— Master and Images Selection

Bn bC Btlh  Btfin
| | 3500 [ o5 [ -nf [ inf
-

Master

Select Dataset 20190318 0 0.00 0 22..

—Images Combination & Connections Selection
Coher  Delta  Delta
Images Graph Thres En Bt EELE

Site Processing STAR, 1 sensor '| | 0 | Inf | Inf

Plot Graph

Current Selection
’7 Mr of Selected Images: 2 Mr of Connections: 2 ‘

SLC Data Import J Advapeéparams J Weather Module J

copyright 2009-2019 Daniele Peri
Load Temp J Load Aux Data J Export Site Param J

Manage Versio J Plot Dataset J Ok

SAPROZ (c) 2009-201 8, the SAR PR Ocessor by pes:

HOME

ko)

4= = (5 =/ » home » periz » SAR » matlab)

FLLE /UdLldu/PUCAND_FILNES) RESUC T 37 FIRT L)

D]

aoedsyiom | ©

file /data@/POLAND MINES/RESULTS/MATLAB/MatrIncImgAll 1s missing. You can generate 1t via "Full Graph Coherence Estimation"

ha here e

00 h cannot be modified b ers other than the creatpbr

After closing the SLC pr'cessing module, if
the job was successful, the sw will populate
the details in the module above

= [ent Folder

writing sparse file /data®/POLAND_MINES/RESULTS/PSType.mat

writing sparse file /data®,POLAND_MINES/RESULTS/EDem.mat 2. Click "OK" to close this window

file /data@/POLAND MINES/RESULTS/MATLAB/MatrIncImgAll is missing. You can generate 1t via "Full Graph Coherence Estimation"

One-Sensor STAR Images Graph

WWwWWw.sarproz.com




S ==

Current Folder £

-

» @ 5

file| /data0/POLAND _MINES/site.log not found!!!

SARPROZ

The SAR, InSAR. PSI, ... PROcessor, by penZ D RIPTIO

Sensor: SENTINEL-1B
SecondSensor: none

Select Dataset J Dataset Description J

Imghr: 2

Locality: Gmina Debowiec, Poland
LatLon: 48,7675 18,7203
SiteSize: §790 3160

DirSite: (data0/POLAND_MINES/
Creator: periz

CreatorHost: periz-Panther-55E

Site Processing J Small Area Processing J

AcgPass: Ascendin

AcgMode: W

AcqTimeUTC: 16:34

AcqTimelocal: 17:34

AcgTimeZone: Central European Standard

AcgHeading: -169.9618

AcgincAngle: 38.9906

AcqPolar: W
i

a Y

1]

OK J LI Help Myde Add here your notes

copyright 2009-2019 Daniele Perissin, info@sarproz.co

[»

1]

Sawve Desc

File /data0/POLAND MINES/site.log not found. No data to display

[/ » home » periz ¥ SAR » matlab » pcodes »

o

Delete Log | SARPROZ (c) 2009-2019, the SAR PROcessor by periZ ok |

1. Optionally, you can view a brief Dataset Description by
clicking on the corresponding button

2. Click on Site Processing fo move on to the next steps

WWWw.sarproz.com

15/48

aoedsyiom | ©



Select Dataset

SARPROZ

The SAR, InSAR, PSI, ... PROcessar, by periZ.

Site Processing

OK

copyright 2009-2019 Daniele Perissin, info@sarp

SITE PROCESSING - /data0/POLAND_MINES/
— Current Images Graph — — Auxiliary analysis
One-sensor STAR Multi-Temporal

Adaptive Mask

G

— Preliminary analysis :
Change detection
Reflectivity Map and

Amplitude Stability In Multi-Channel

(]}

Load Mask

Custom Mask
Generation

— Sparse points selection

sof
sof

~ —Post-analysis

Change detection

Dataset Des Mask for Sparse

Points selectio

Gl

e lelele

Image classification

— Preliminary geocgding

| —INSAR processing

External DEM sglaction
Current: SRTM

Small Area Pri
INSAR Params

Reset flatfheight
constants

DEM visuglization

[IfHe]

Full Graph Coherence

GCP selection estimation

Images fine
equalization

Amplitude time
series analysis

Sub-pixel positions
analysis

— Amplitude processing

B
sof
s

Geografic Corrections

DEM post-analysis

PS classification

Time Series
Module

Multi-sensor
analysis

Go

Go

Go

Go

Go

e 2 [s |8 |2

Residual fringes
astimation and removal

Exterhal DEM and
synthletic amplitude
in SAR coordinates

s EEEE (e

EN W EN Tkt

— Multi Image INSAR processing

APS estimation ’i

Histograms

—Visualization/Export tools

Go

HOME PLOTS APPS o Interferograms Saliglnie 22
- ore.g|strat|or1 Gid processing
<= = 5 & =/ » home » periz » SAR » matlab » pcodes » Refinerment Graph Analysis e e Duta o
3 (optional) Coherence Map T S rEEa P ikrelcan 5 Go
11} H i
% file /datad/POLAND MINES/site.log not found!!! — 5uyb-dataset extraction R ; ;
s : Single Interferogram Sparse Points Wiew/Export
t Processing the Reflectivity Map Calculation Selectmn.and &g processing o POUEEEE Extended e
& BT Data/Results
3 T 1
. “ " = ; ; ing i Refresh oK
1‘ CIICk on Reﬂ MClp and ASI SARPROZ (c) 2009-2019, the SAR PROcessor by periz NO security prampt Running in Normal Mode ‘
update parfile: could not open file /datad/POLAND MENESHEEE SIS _—'
e 2. Optionally, to skip prompts, you can check this box
Reflectivity Map Calculation: job ended
Elapsed Time: 22 seconds
i et TooRis Note: check other tutorials to see these steps more in detail
" WWW.Sarproz.com 16/48

soedsyio | ©



SARPROZ

The SAR, INSAR, PSI, ... PROcessor, by periZ

Select Dataset

Site Processing

Dataset De:

copyright 2009-201 9 Daniele Perissin, info@sarpt

HOME PLOTS

4= = (5 32 =3/ » home » periz » SAR » matlab » pcodes »

LHSSRLITY TUT 2RI F T LED

Reading SRTM data

Current Folder

DEM processing started

missing SRTM files will be automatically downloade

SITE PROCESSING - fdata0/POLAND_MINES/

— Current Images Graph
One-sensor STAR

— Preliminary analysis

Reflectivity Map and
Amplitude Stability Index

Mask for Sparse
Points selection

— Preliminary geocoding

-~ — Auxiliary analysis

Multi-Temporal
Adaptive Mask

Change detection

Multi-Channel
Change detection

Image classification

12 12 I8 |2

o

— Sparse points selection

Load Mask

o
sof

Custom Mask
Generation

~— Post-analysis

— Sub-datasgt extraction

elglction and
raction

| —INSAR processing

INSAR Params

Reset flatjheight
constants

Full Graph Coherence
estimation
Residual fringes
estimation and removal

Interferograms
processing

Coherence Map
generation

single Interferogram
processing

"]

]
=]

£ W EN Ttk
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SARPHOZ (c) 2009-2018, the SAR PROcessor by penZ

NG security prompt Running in Normal Mode

Using a grid of 3.70 m in ground range and 13.90 0

1. Click in sequence on:
Mask for sp. Pts selection, GCP selection, ext DEM in SAR coords
GCP selection: click on “"keep current orbits” in the GCP panel
(for more details, check other tutorials)
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1. Keep the "Parameter” mod
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" 2. Choose "Refl Map” from the menu

mis

Feading SRTM data

DEM processing started Pos Master

Mu Pos
Using a grid of 2.70 m in ground range and 13.S¢ w an grewm aesmmcn Sigma Pos

Coher Secand
preparation of files for guick view: job ended

update_parfile: could not open file /datad/POLAND MINES/InputParFile.txt. ABORTING!!
The Processing concluded successfully, here a specific message:
DEM in SAR Coordinates : job ended

Elapsed Time: 39 seconds
12-Apr-2019 11:00:44
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. . . . . SARPROZ (c) 2009-2018, the SAR PROcessor by penz
preparation of files for quick view: job ended

1. Click on "plot” to see the Refl Map

he Processing concluded successfully, here a specific message:

Xt. ABORTING!!

DEM 1n SAR Coordinates :
Elapsed Time: 39 seconds
12-Apr-2019 11:00:44

job ended
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SARPROZ (¢} 2009-2018, the SAR PR Ocessor by penZ

DEM processing started

Using a grid of 3.70 m in ground range and 13.5¢ w v grvwie aesmaen

preparation of files for quick view: job ended

1. Click on "plot" to see the height

The Processing concluded successfully, here a specific message:

e.txt. ABORTING!!

DEM in SAR Coordinates : job ended =
Elapsed Time: 39 seconds
12-Apr-2019 11:00:44

“"ﬁ|s == WWW.Sarproz.com 22/48

-




The SAR, InSAR, PSI, ... PROcessor, by periz)

Select Dataset

SARPROZ

Site Processing

Dataset De:

Small Area Pre

copynight 2009-201 9 Daniele Penssin, info@sarp

PLOTS

<= = (5 2 3/ » home » periz » SAR » matlab » pcodes »

LHSSRLITY TUT 2RI F T LED

Reading SRTM data

Current Folder

DEM processing started

missing SRTM files will be automatically downloade

Using a grid of 3.70 m in ground range and 13.90 0

SITE PROCESSING - fdata0/POLAND_MINES/

— Current Images Graph
One-sensor STAR

— Preliminary analysis

Reflectivity Map and
Amplitude Stability Index

Mask for Sparse
Points selection

Sl
Sal

— Preliminary geocoding

External DEM selection
Current: SRTM

DEM visualization

GCP selaction

External DEM and
synthetic amplitude
in SAR coordinates

Coregistration
Refinement
(optional)

o
™

-~ — Auxiliary analysis

Multi-Temporal
Adaptive Mask

Change detection

Multi-Channel
Change detection

Image classification

— Sparse points selection

Load Mask

o
sof

Custom Mask
Generation

~— Post-analysis

— Sub-dataset extraction

Selection and
Extraction

sof

| —INSAR processing

INSAR Params

Reset flatjheight
constants

Cogherence Map
generation

Single Interferogram
processing

B

— Amplitude processing

Images fine
equalization

o
sl
sl

Amplitude time
series analysis

Sub-pixel positions
analysis

Geografic Corrections

DEM post-analysis

PS classification

Time Series
Module

Multi-sensor
analysis

— Multi Image INSAR processing

APS estimation ’i
Go

Graph Analysis
and Refinement

Sparse Points
processing

— Visualization/Export tools

Histograms

Scatter Plots

Sparse Data Export
(krnl-csv)

Wiew/Export
Extended
Data/Results

SARPROZ (¢} 2009-2019, the SAR PR

essor by penz

NG security prompt

Running in Normal Mode

Refresh |

1. Now we want to generate the interferogram(s). Instead of using the single interf. module we run the
function that processes all interfeorograms loaded under the current images graph (even if in this
example we have 1 single interferogram..): “interferograms processing”. Before that, we firstly click on
"InSAR params" to choose the processing options.
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missing SRTM files will be automatically downlo Interf/Coherence Thres.

Reading SRTM data Coherence Window

Current Folder

SEE ] Refrash

SARPROZ {cJ4

Ok I l_rmeIMode

We are going to keep the default options: Goldstein mod filter, no Multi-looking

update_parfile: could not open file /data@/POLAND MINES/InputParFile.txt. ABORTING!!

Note: since we are not changing options, there was no need o open the above panel. We
did it just fo stress that you need to open this module before running the
“interferogram processing” to change processing options
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DEM processing started SARPROZ (c) 2009-2018, the SAR PROcessor by penZ

Using a grid of 3.70 m 1in ground range and 13.Su msmyruurmuescesmen

The Processing concluded
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1.

Now you can click on “interferograms processing” to generate the interferogram(s). Interferograms are processed
according to the current loaded images graph. At this moment, the "One-sensor STAR" graph is loaded.

The Processing concluded successfully, here a specific message:

DEM 1n SAR Coordinates :

Elapsed Time: 39 seconds
12-Apr-2019 11:00:44
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1. To plot the processed interferogram, we click
on “view/export extended data/results”

2. We choose the "single interferogram” mode

3. We select the interferogram we want to plot
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Xport in coordinates
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SARPROZ (c) 2009-2018, the SAR PROcessor by penZ
1. Weclick on "plot" button to display the interferogram phase and coherence
The interferogram shows some evident deformation centers. At the same time, there are additional signals with
various spatial frequencies. We assume that long spatial wavelengths are caused by atmospheric
L distortions. We want to remove them. P ——— 27/48
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1. How to remove long spatial wavelengths? Firstly, we fry to isolate them. So, we filter out short
wavelengths. To do so, we re-open the “insar params” module and we set the multi-looking factor as
25*25 (you can change these numbers according to your case/feeling)
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PROZ (c) 2008-2019, the SAR PROcessor by penZ NOQ security prompt

1.

We run again the "interferograms processing” function

Running in Nermal Mode

Refresh

Note: after changing the multi-looking factor, the “interferograms processing” turned red again. It's
green when interferograms are present, red when interferograms are missing. The software gives
different names to multi-looked interferograms. So, it can distinguish between multi-looked and
full resolution (single-look) interferograms

Www.sarproz.com

aoedsylo




HOME

%

Current Folder

P

The SAR, InSAR. PSI, ...

Select Dataset

SARPROZ

PROcessor, by pe

Dataset

SITE PROCESSING - /data0/POLAND_MINES/

— Current Images Graph
One-sensor STAR

 — Auxiliary analysis

Multi-Temporal

— Preliminary analysis
Reflectivity Map and gi i
Amplitude Stability Index

sl

Mask for Sparse
Points selection

Adaptive Mask
Change detection

Multi-Channel
Change detection

Image classification

Site Processing

Small Arez

ox ]

copyright 2008-2019 Daniele Perissin, info@s

PLOTS

APPS

[£1 %2 [/ » home » periz » SAR » matlab » pcodes_|

FluLessliy e

Using S workers

LU 2lE i ORiEl d LUt

Coherence map processing started

file sdata®/POLAND MINES/RESULTS/MATLAB/MatrIng

One- Sensor STAR Images Graph

— Preliminary geocoding

External DEM selection
Current: SRTM

DEM visualization

GCP selection

External DEM and
synthetic amplitude
in SAR coordinates
Coregistration
Refinement
{optional)

5o

Gl

Gl

e lelels

— Sparse points selection

Load Mask

ol
r

Custom Mask
Generation

— Amplitude processing

Images fine

™

equalization

—INSAR processing
INSAR Params
Reset flat/height

constants

Full Graph Coherence
estimation
Residual fringes
estimation and removal

Interferograms
processing

Coherence Map

— Sub-dataset extraction

Selection and
Extraction

sl

Gl

Rl

G

G

Amplitude time
series analysis

so
sof

Sub-pixel positions
analysis

— Multi Image InSAR processing

APS estimation ’i
Go

Graph Analysis
and Refinement

Sparse Points
processing

- Post-analysis

Geografic Corrections

DEM post-analysis

PS classification

Tirme Series
Module

Multi-sensor
analysis

— Wisualization/Export tools

Histograms Go

Scatter Plots Ga

(krml-csv) =

View/Export
Extended

Data/Results

SARPROZ (c] 2009-2018, the SAR PR

€ssor by penZ

NO security prompt

Running in Normal Made

Sparse Data Export G
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We C|ICk on coherence map gener'cmon To calculate ‘rhe average coherence of ‘rhe dataset
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The Processing concl

Coherence Map Gene

Elapsed Time: 2

12-Apr-2019 11:27:13
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secq

No‘re in ThIS dataset we have 1 single m‘rerfer'ogram So, this oper'a‘rlon is no‘r meaningful.
However, in this way we generate the "coherence map" (in our case it corresponds to
the coherence of our interferogram): we will use this parameter later on.
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SARPROZ (c) 2008-20189, the SAR PROcessor by periZ

ocessing
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Extended

Data/Results

— Visualization/Export tools———
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1.

To plot the multi-looked interferogram, we use again
the "view/export extended data/results” module

Coherence Map Generation
Elapsed Time: 2 seconds

2. And we choose the "single interferogram” mode

12-Apr-2019 11:27:13
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Coherence map processing started

Current Folder

SARPROZ {cJ.'I SARPROZ (c) 2008-2018, the SAR PROcessor by perZ Running in Normal Mode Refresh |

file /datad/POLAND MINES/RESULTS/MATLAE/MatrInc
One-Sensor STAR Images Graph

save_coher_map: one single interferogram detected! copying 1ts coherence to the coherenc

save_coher_map: L. Stab Index plus spat 1 This time we pick up the multi-looked interferogram:
The Processing concluded successfully, hen no"’ice The 25*25 ML fac‘l'orl

Coherence Map Generation : job ended
Elapsed Time: 2 seconds
12-Apr-2018 11:27:13
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Using 8 workers ’7 SeElifrt;{;; View/Export in SAR coordinates- : B e
’7 Plot | JpafPrg | oK | Data/Results

Refresh J oK J

Coherence map processing started

Current Folder

SARPROZ (c) 21 SARPROZ (¢} 2008-2018, the SAR PROcessor by penZ Running in Normal Mode

file sdatans/DOl AND MINCCS/RESI) TS/MATI AR /Mot rTne

This is the multi-looked interferogram. Most local signals have been removed or suppressed. Long wavelengths on the
contrary have been preserved. This interferogram can be used as a first approximation of the atmospheric delay.

Notice that some signals related to movement are still there. We could revert back and filter more, or move on and try
to smooth further in the next steps. We now move on, the interested reader can do more trials with different
filtering/ML factors.
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To use the multi-looked interferogram as input for atmospheric delay estimation, we use

the corresponding module.

The Processing concluded successTully,
Coherence Map Generation : job ended
Elapsed Time: 2 seconds

12-Apr-2019 11:27:13
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The Processing concluded successfully, here a specific message
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: job ended

WWWw.sarproz.com




— Current Images Graph—— — Auxiliary analysis—— — Sparse points selection—— — Post-analysis

One-sensor STAR Multi-Temparal Go ; :
Adaptive Mask Load Mask Go Geografic Corrections Go
— Preliminary analysis——
SARPROZ : Change detection 50
Reflectivity My 2
The SAR, InSAR, PSI, ... PROcessor, by pe| Amplitude Sta PS Processing - /data0O/POLAND_MINES/

— Images Combination

Mask for S
Points sel STAR, 1 sensor v| Plot Graph| ImagesNr. 2 Conn.Nr. 2  Missing APS: 2 ! Update Mode () APS pre-removal

Select Dataset Dataset %

— Sparse Points Selection

Parameter : PSC Nr:
Spatial Coher. : 6861 @ Plot ‘ Save ‘ Load J

— Graph Creation \
Min MNr MinR  Max R Connections MNr:

Plo Save ] Load ]

— Preliminary ge

Site Processing Small Area
F)

Delaunay v| | 10 | 30 | Inf
oK [ 8 - - -
el — Processing Parameters — Connections processing

Estimate Read MNeglect Parameters Range s | Clear Diff J

o & ® -100 100 —Connectiorls coherence— _ Non-Linear Weighting

Hist | Hlot Graph | N Stats| ™
[ -100 B 100 | \ i ,0_ ,._-: ,T
Azimuth — Reference Ppint .

<= = (5 & 27/ » home » periz » SAR » matlab » pcodes | /- T E :
FidLLl - LUUREW ddld. DRLPPLIY Ll Lidl midsh e 2 ’i plot | Nr U = ¥ =
Phase shift -pi pi

42550 points with Spatial Coher. = 0.80 , in w — Estimated Parameters
R ro ds Flatten Optional Optional

: ! : . Thermal 4
ignoring birth and death dates, selecting all t I e = 2 Plot 1 T 10 () Save Export TS

SARPROZ (o)

42550 PSC with Spatial Coher. = 8.000000e-01 = e
3 ®Ext.DEM UW Smart | 0  Nmin |50 i el _ _
Type Invertell Residu... | [] Stratif R [150 DsF | 25

psc selection 1 Scattering 1 Palynomial T ] Recover
Centers Order

We set 0.8 as thresholds and DS=50 (this corresponds teigh“ — Go || Pt | Test | ox

None i Amps |

to an additional SpC(TiC(l smooThing. InCPGGSing this SARPROZ lc) 2009-2019, the SAR PROcessor by periZ
number would increase the smoothing).

IOMOTIT TITLOT daimd g lim OdateEs, SLECTITI a9ttt Target

copyright 2009-201 8 Daniele Perissin, info@sa

he]
4

HOME PLOTS APPS

©

D]

aoedsylom

Current Folder

— APS Estimate_|

2. We press "go": 6861 points are extracted.

WWW.Sarproz.com 36/48

6851 PSC with Spatial Coher. = S.000000e-01




HOME PLOTS APPS

4= = (5] I& =/ » home » periz ¥ SAR » matlab » pcodes |

® & E Figure 131

File Edit View

SARPROZ

The SAR. InSAR, PSI, ... PROcessor, by pi

Select Dataset Dataset [

Site Processing

copyright 2009-201 9 Daniele Perissin, info@s

Dade|k

Insert  Tools

LR DD E A

Desktop Window Help

08| eD

a00 1000 1500 2000 2500 3000 3500

Azimuth

® Ext. DEM () UW  Smart 0 N min 50

Scattering 1 Polynomial 1 [] Recover

Order
Matr. Coher, Win Weights

’? ,? ® None () Coher () Amps

EEREEES

points selection

yad Mask Go

Post-analysis

Geografic Corrections Go

2  Missing APS: 2 . Update Mode (1 APS pre-removal

.m Plot Save I Load ]

Connections Nr:
Plot Save | Load |

Connections processing

_ Save As ‘ CIearDiﬁ‘ -r

Connections coherence—— — Non-Linear Weighting
m p M
Hist | Plot Graph | N Stats| ’7’— Plot
0 0.5 i)

Reference Point
IAuto “ [ eed v o < >
S

Estimated Parameters -
0 ds Flatten Optional Optional

R
Plat ,T ,T ’T & Save Export TS

— APS options

TYPe Inverted Residu... v| [ Stratf R | 150 DSF | 25

— APS Estimate
Go | Plot | Test | ey

SARPROZ (¢} 2008-2018, the SAR PROcessor by penZ

1gnoring birth and death dates, selectin This is the set of points used to estimate the atmosphere

2 FIUL UL - LUDRSU Udla. SRIPpLig Ll lidl Figsk
@
§ 42550 points with Spatial Coher. > 0.80 , in W
E ignoring birth and death dates, selecting all
5 _ _ SARPROZ (c) 2
42550 PSC with Spatial Coher. = 8.000000e-01
PSC selection
mask loading
Multi-looked data: Skipping initial Mask
42550 points with Spatial Coher. = 0.80 , in window from 1 ¢
" 62861 PSC with Spatial Coher. = 8.000000s-01
-

-

n. |

Www.sarproz.com

37/48

o
4

]!

aoedsyuom | ©




4

Current Folder

— Current Images Graph Auxiliary analysis

One-sensor STAR Multi-Tempaoral

Adaptive Mask

Sparse points selection

Post-analysis

Geografic Corrections Go

Load Mask

o

SARPROZ

— Preliminary analysis

Change detection o

|'_‘V.

Reflectivity I

The SAR. InSAR. PSI, ... PROcessor, by pel Amplitude Stz

— Images Combination

APS Processing - /data0/POLAND_MINES/

Mask for
Points s

STAR, 1 sensor

v| Plot Graph

Select Dataset Dataset O

Images Nr. 2

Conn. Nr. 2

Missing APS: 2 ' Update Mode (: APS pre-removal

— Sparse Points Selection

— Preliminary gs

Parameter Thresh.

PSC Nr:

Spatial Coher. v| | 8

Site Processing

G861

Plot

G0 |

Small Area
-

— Graph Creation

Min Nr

Delaunay

N |

QK

Min R MaxR
| Inf Plot

Connections Nr:

20357 Load ]

Save ]

— Processing Parameters

— Connections processing

Estimate

{5

Read Neglect

copyright 2009-201 9 Daniele Perissin, info@sa Piear

Trend

Height

HOME PLOTS APPS

Azimuth

51 &2 &/ » home » periz » SAR » matlab » pcodes | Bee

Lyl LTy WLT LT &lid U=dill Udigs, SEl=clliy det L

’ . Phase Shi
42550 PSC with Spatial Coher. = 8.000000e- 01

armal
expans.

PSC selection

: SARPROZ (;
mask loading

® Ext. DEM O UW  Srart
Scattering

R ' |

Multi-looked data: Skipping initial Mask 1

Polynomial
.|

[0

Paramet

N rin

=

(50

[] Recover

We press "go" in "graph creation” to generate the default
"Delaunay” graph": 20357 connections are extracted.

Save As ‘ Clear Diff ‘

— Connections coherence Non-Linear Weighting

Hist | Plot Graph| N Stats|

: e
o [os || 1 (2l
— Reference Point :

Auto b’ ’i Plot | nr 0 < | = |

S

— Estimated Parameters

R o ds Flatten Optional Optional
Plot I

1 [10 &  sae| Exportls
— APS options
TYPe Inverted Residu... »| [ Stratif R | 150 DSF | 25

N

]

— APS Estimate
Go |

Plot | Test | oK

SARPROZ (c) 2009-201 8, the SAR PR Ocessor by penZ

5861 PSC WITh Spatlial Coner. = 8. 0U0uuUe- ol
Delaunay Graph

connections number: 20357

ﬁ;:—;\-

WWWw.sarproz.com

©

anedsylom




SARPROZ

The SAR, InSAR, PSI, ... PROcessor, by pel

Select Dataset Dataset C
i

— Current |
g File

— Prelimi

Refle
Amplit

Small Area

Site Processing

0K [ %

copyright 2009-2019 Daniele Perissin, info@ss

PLOTS

¢= = (5] 52 2/ » home » periz » SAR » matlab » pcodes |

Lyliur LIy ULIT U1 ala uedll udiles,
42550 PSC with Spatial Coher. = 8.000000e-01

PSC selection

Current Falder

mask loading

Multi-looked data: Skipping initial Mask

SELELLLITTY dLU L

SARPROZ (c) 21

42550 points with Spatial Coher. = 0.80 , in window from 1 t¢

ignoring birth and death dates, selecting all targets

6861 PSC with Spatial Coher. = 8.000000s- 01

Edit  View

:IJH;‘; % f\-_'\-{fr?@\":j.‘.%'

Figure 132
Desktop Window Help

S| 0E DO

Graph

Insert Tools

Post-analysis

Geografic Corrections Go

Plot Load

Connections MNr:

20357 Load |

Save ‘

processing

Save As ‘

Clear Diff ‘ ’i

Non-Linear Weighting

coherence

M Stats)

1500 2000 2500 3000

Azimuth

1000

expans.

N min
(1 |

i Coher

50

[ | Recover

0
Polynomial

Order
Weights
% MNone

@ Ext. DEM O UW  Smart

=

Scattering
Centers

Matr. Coher. Win

(15 | 15

) Amps

Mr

Flatten Optional Optional

Save Export TS
— APS options
T¥pPe Inverted Residu... »|| [ Stratif R | 150 | DSF | 25

— APS Estimate
Go | Plot |

Test | oK

Delaunay Graph

This is the generated Delaunay graph

connections number: 20357

f{;\-;\-

WWwWWw.sarproz.com

SARPROZ () 2008-2018, the SAR PROcessor by penz

D]

Rl 41

aoedsaoi)




— Current Images Graph— — Auxiliary analysis— Sparse points selection— — Post-analysis

One-sensor STAR Multi-Temparal Go - :

Adaptive Mask Load Mask Go Geografic Corrections Go
— Preliminary analysis——
SARPROZ Change detection Go

Reflectivity N = :
The SAR, INSAR, PSI, ... PROcessor, by pel Amplitude Sy [ ] APS Processing - /data0/POLAND_MINES/

—Images Combination

Mask for 5
Points ol STAR, 1 sensar v| Plot Graph| ImagesNr. 2  Conn.Nr. 2  Missing APS; 2 [ Update Mode [ APS pre-removal

Select Dataset Dataset O

|

— Preliminary ge| — Sparse Points Selection
Parameter Thresh.

External DEN Spatial Coher. v| B | so0 “ Plot

— Graph Creation

Site Processing Small Area
4

Min MNr MinR  MaxR Connections Mr:

Delaunay - 10 B s0 W inf __Go | Plot 20357 save | Load |

OK [ % - - =
— Processing Parameters — Connections processing

_ Estimate Read Neglect Parameters Range ’i — | — |
copyright 2009-2019 Daniele Perissin, info@sz External D

Linear e
synthetic Trend & o . S — Connections coherence— — Non-Linear Weighting

Height Hist | Plot Graph | N Stats| ’01 ’i_ ’% plat

©
4

HOME PLOTS APPS

| i Azimuth = — Reference Point
4= = 5 3= =@/ » home » periz » SAR » matlab » pcodes | Pos = L Auto -

“eo00 FOU WILT Spdlldl CUlEl .« ~ 0. OOUouoE - Ol i ’i Plot MNr 0 = ==
Phase Shift -pi pi S

PSC selection ; — Estimated Parameters -
o ds Flatten Optional Optional

’ Thermal -4 4 i
mask loading ! Jl expans. Plot ’T ’T ,T ) Save Export TS
SARPROZ (c.
Multi-looked data: Skipping initial Mask I — ions
Sl [ Ext.DEM (JUW Smart | 0  Nmin 50 G

. . . ] TYPe | Inverted Residu... | [I/Stratif R | 150  DSF | 25
42550 points with Spatial Coher. > 0.80 , 1N Wirmww rwm o Scattering ’T Polynomial ’T W
Centers Order

[»]

soedsyo | ©

Current Folder

— APS Estimate
Go | plot | Test | oK

ignoring birth and death dates, selecting all targets

Matr. Coher. Win Weights
[ MNon€ @ Coher ) Amps ‘

62361 PSC with Spatial Coher. = 5.000000e-01 15 15

SARPROZ (c) 2009-2018, the SAR PROcessor by penZ

Delaunay Graph

1. We tell the software to load the processed interferograms by selecting the coherence as weight. Notice that
the sw will load the current InSAR settings, corresponding to multi-looked interferograms. Also, the set of
used interferograms is the "STAR" graph. WWWw.sarproz.com 40/48
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1. We press the button "go" to process the connections. Notice that here we are NOT estimating either
topography or movement. Our assumption is that the only signal in the interferogram is atmosphere. To
estimate height and/or movement we would need more interferograms

m
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Ref Point Nr 1 out of 25 . .
3. Finally we estimate the APS
selected reference S: 4200 L: 1500, Temp Coher: 1.00, Sp Coher: 0.92
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1. We plot the estimated APS. Beside a flipped sign, we can easdy notice that it's an additionally filtered version
of our interferogram. We assume that the majority of the visible signals is actually atmospheric delay
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in Mormal Mode

1. Now we want to plot again the full-resolution interferogram (no multi-looking)

Www.sarproz.com

Refresh ]

soedsylon, | ©




— Current Images Graph— — Auxiliary analysis — | Sparse points selection—— — Post-analysis

One-sensor STAR Multi-Ternparal
Adaptive Mask
SARPROZ — Preliminary analysis

The SAR, InSAR, PSI, ... PROcessor, k

Load Mask Geografic Corrections

Reflectivity Map and DEM post-analysis
Arnplitude Stability Index — Data to Plot 3

sk for SparaR Mode Single Interferogram
Select Dataset Dat: ; ] ing———————— PS classification
- Points selection Interferogram  20190331-20190319

— = CaherfPha@Only
— Preliminary geocoding— g Time Series

; ; External DEM selection | [ OPtions — Madule
Site Processing J Small Current: SRTM e F R

. . . to i Multi-sensor
This fime we select more options: : analysis

phase only — Visualization/Export tools———

] 7 — GTP SeEcton 7LféAP
copyright 2009-201 9 Daniele Perissin, inft | Cerversian: Mask: Thres.

Histograms

Reference point: GCP (or any you like) | Displ [mm] vPnone oS

i SAR coordinates output:  Auto v/aﬂ)rbar Rev... i | Scatter Plots

Caoreqistration

C . D | ¥ [ ] — Export in GEOGRAPWHES_ e
onversion: bisplacement |mm BIOGE e PE Export Sparse Data Export -
p Geocode /ﬂ/KmI v| 1 1 M % (kml-csv) =
Sub-dataset extractio : = !
|_ S i Wr‘c in SAR coordinates————— View/Export
Ts Extended
Bt J lpg/Png J LJ Data/Results

SARPROZ (c) 2009-2019, the SAR PR Ocessor by penZ
SARPROZ (c) 2009-201 in Normal Mode

soedsyiog | ©

APS removal

Current Folder 4

Refresh J

WWWw.sarproz.com




’—Current Images Graph— — Auxiliary analysis— Sparse points selaction— — Post-analysis

One-sensor STAR Multi-Temporal Go
Adaptive Mask

()]
o

e s 2 [2 [&

SARPROZ

The SAR, InSAR, PS

Load Mask Go Geografic Corrections

Preliminary analysis
Lan g Py

Figure 1

File Edit View Insert Tools Desktop Window Help
— Data to Plot

Mode Single Interferogram g cde & IE QRUORHA- |2 HEE | mOm
Interferogram | 20190331-20190319 Displ. [mm] from Phase 20190331-20190319
Coher/Phase Phase Only G T 7

Select Dataset

]

Site Processing —Opbt.itir‘ls =
— Saturation

Auto - Min

— Zero Reference

GCP - Lat

copyright 2009-2019 Dz | —INSAR
Lok Conversion: Mask: Thres.

Displ [mm] v| none v| 0  [v/APS Remo...

HOME PLOTS APPS Output:  Auto - [ colorbar Rev...

& — = = 7 — Export in GEOGRAPHIC coordinates — i
@ =p (5] & =/ » home » periz » SAR e File lype Rg Az @ J

9]

Sample [pix]
Bl

js)
|

©

HIUT L COgTaLlidLe WJdirmy . 033739

oy
I

East coordinate (UTM): 331390 | |Geocode ~| Kkml -8 L ) g

i:iggﬂz;e'gﬁorth — View/E in SAR coordinates————

ellipsoidal height (WGss4): 2 Plot | Jpg/Png | ok | Lt L,

sample: 4393 1000 500 2000

- SARPROZ (c) 2008-2018, the SAR PROcessor by periZ Line [pix]

1. Then we plot it
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o) This is the result: now we have removed the long wavelengths and

T the local movements are more evident. Note that the
atmospheric turbulence is still there. Nevertheless, now it's
easier o read the signals.

2. And finally we geocode it >
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Note: in this exercise we have removed some signals and left others. We removed long (spatial) wavelengths and we left
short ones. Under the assumption that long wavelengths are atmospheric delay and short ones are subsidence, we
have improved signal readability. However, you have to make sure the assumption is correct in your case study. If
you have multiple images, use common time series analysis to estimate movement and topography. The time series

approach is more robust. Use the technique described here only when you have few coherent images.
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