Tutorial on SAR, InSAR, PSInSAR

SARPROZ
The SAR processing tool by PeriZ

http://ihome.cuhk.edu.hk/~b122066/index_files/download.htm
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21 € Network Run the executable file by double-clicking on it
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Proxy settings

Proxy Mame | 107747035

Frozy Port I 8020 ) password required

I=zer Mame I

[ Authentication

OK | Cancel |

SARPROZ ® 2009 Fill in the user/classroom settings

the SAR PROcessar by peris

llelcome to SARPROZ

by Daniele Perissin., copyright 2089

Messages from this session are written in file 82-Jan—-2012_18_0AA_39_sarproz.loy
directory E:\

compiled on B2-Jan—2012 16:11:52

Keep the command prompt visible for messages
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SARPROZ main window

SARPROZ

The SAR, InSAR, PSIRSAR, . PROcessar, by peris

Select Dataset

Site Processing

Dataset Statistics

Small Area Processing

¥ Help Mode

capyrighit 2008 Danieie Perlssin, tool perizggmailcom

To get some Help messages, check
"Help Mode" and press the button

Help for "Dataset Statistics”

) HELP stat_dataset

help for DATASET STATISTICS

this function plots the baic parameters of the dataset:

-histogram of normal baslines

-histogram of Doppler Cetroid values

-temporal series of the aquistions, denoting which ones are used in- the

PS analysis, according tithe thresholds written in the Select DataSet

window . Colors are use to distinguish between sensors. The Maste r image is
highlighted as well.

-time series of the tempeatures at the acguisition time

SARPROZ @ 2009, the SAR PROcessor by peris

you want to receive help about

3-7 September 2012
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SARPROZ main window P00 1ol x]

SARPROZ

The SAR, InSAR, PSIRSAR, . PROcessor, by perlz

Load data with "Select Dataset” Select Dataset Dataset Stafistics

Site Processing Small Area Processing

oK | [~ Help Mode

copmeright 2009 Daniele Perissin, tool perizgomail.com

Yelcome to SARPROZ

by Daniele Perissin,. copyright 28609

Mezzages from this session are written in file B2-Jan-2012_18_80_37?_szarproz.log
directory E:%

compiled on B2-Jan—2012 16:11:52

Keep the command prompt visible for messages
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Dataset Selection

— Site Directary

— Data Set

\

Samples

Primary Secondary

— Images Graph

Coher

RP

Browse For Folder

Select Directory to Open

2 periz
= 1% Computer
.‘;._. Local Disk (C:)
g data (D)
[ g Removable Disk (E:)

[ =@ Mediacom (H:)
£i3 BD-ROM Drive (1:)

I 0s Save As |

STAR, 1 sensar j Thres

i?‘I_i Metwark

— Master and Images Selection

Master Bn DC Etin BtFin ¢ Folder: IT'S?{_HK

=] I 1500 I 0s

I -Inf I Inf Make Mew Folder |

B Perl

Advanced params | Get Weather Data |

ey

SARPROZ 2009, the SAR PROcessar by perlZ

SLC Data Import |

MHessages from this session are written in file B2—-Jan—2012_18_@A0_37?_sarproz.log
directory E:%

compiled on B2-Jan—2012 16:11:52

Pick up the directory "TSX_HK" via
"Select” button in "Site Directory”




SLC data import

Uncheck “"Untar" and “Del LLDATA Processing

Tar" options r '

Press "Get Contents" button Sensor: TerraSAR.X. Images hr:

to get the directory ==

contents __ [Diata Selection

Press "Set Orbits" to read o 9

all the data in the directory

Press "View footprints” to /@ View Parameters

see the footprints in Google o ares section

EarTh Latitude Longitude  Radius [km] E;:;

|2|:|1 10324 j

| 22408  [1144382 | 20 -

Samples Lires (0L
| 20030 | 22450 | 1

20930 Samp OWS

— Data Processing

Data Extraction | Co-registration | View Images |

[e ]

SARPROZ@ 2009, the SAR PRIOcessor by patlZ
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Footprints in Google Earth
File Edit View Tools Add Help
v Search E ¥ o\& e e @& & Bl X& | E
" i ,. ¥ & i ] o =
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| = Q
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O '~_I--" Rovyal Park Hotel
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= M Temporary Flaces

= Ml footprints
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Choose the Area to process

Set the area center (lat and
lon in decimal degrees)

Set the area size (samples
and lines in pixels)

Press the "View" button to
see the area in GE

3-7 September 2012

) SLC DATA Processing

— Ravy Data List

[ Untar
Get Contents | Sensar: TerraSAR-X, Images Mr: 2

[T Deltar

— Data Selection

Single Image

Al Update | j

Set Orbits | View Footprints | View Parameters |

— Maszte lection - — Area Selection

Samples Lines oS

I ENETE

Samp OWS

Latituce ongitude  Radius [km]
|2|J1 10324
| 224198 |1142039 )| 20

[

Area

-

— Data Processing

Data Extraction | Co-registration | YView Images

[ ]

SARPROZ @ 2004, the SAR PROcessor by perls
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Selected Area

=ls(x

File Edit View Tools Add Help

w Search

Fly To I Find Businesses | Directions I

Fyto e.g., 37 25' 19.1°N, 122 05' 06™W

| H Q

v Places

E D@' My Places

- PO casa perissin

ot \,I-E’ Hyatt

¥ Royal Park Hotel

7 Reqal Riverside Hotel
= M&E Temporary Places

= @' footprints

M) 20110324

M) 20110507

® [l&S MasterArea

o r | ol ="

v Layers Earth Gallery »»

=] @ Primary Database

& EP Borders and Labels

- Places

B [ 2 photos

- L= Roads

#H D 3D Buildings

& Dﬂ" Ocean

& [0 ﬁ' Weather

# Dk:,-? Gallery

G D@ Global Awareness i ! .

® O more : 2 y ; et 3 g gitalGlobe
: or 4 b 11 Europa Technologies

011 Mapabc.com
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Extract and co-register the data

) SLC DATA Processing

— Ravy Data List

[ Untar
Get Contents | Sensar: TerraSAR-X, Images Mr: 2
[T Deltar

— Data Selection

Single Image

Al Update | j

Set Orbits | View Footprints | View Parameters

— Master Selection————  — Area Selection

PI"CSS The “Da'l'a EX'l'r'aC'l'ion" Latitucle Longitude  Radius [km] Eﬁ;
buTTon —— = | 224198 [1142039 | 20 r

Samples Lines oS
| 3oo0 | 3ooo |

When the previous step is
successfully terminated, —

Press the "Co-registration”
bUTTOH Data Extraction @m @mb

Check the result with “View o |

n
Imag es SARPROZ @ 2009, the SAR PROcessor by periz

000 Samp OWS
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Press "Go" to view the next

image or "Stop” to exit

Co-registered images visualization

%290

When ready, press
"OK" in "SLC Data
Processing” window to
close it
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Dataset Selection

After data have been
imported and co-registered, e orectory

info like Samples, Lines, \@

Sensor are displayed in r—
"Dataset Selection” < Gampes 000 Lnes  a00 >

Secondary

— Images Graph
Coher
ISTARJ SEnsar j I 5 Thres Save As |

— Master and Images Selection

Waster Bin D Bitin BitFin

20110324 00 07 -9 j I 1300 I 0.3 I -Inf I Inf

Use The bUTTOH “Ge'f SLC Data Import | Advanced params |m

Weather Data” to retrieve x|
weather info from the web

SARPROS 2009 the SAR PROcessor By perls
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Dataset Selection

When ready, press "OK"
to close the "Dataset

Selection" window Completed operations and messages are
displayed in the command prompt

— Site Direciory

EATSX_HK!

__ Data Set \ directories of other sensors not found

get_temper: file E:~\TSR_HK-RESULTS-MATLAB-UWeatherData not found: aborting
Samples F000 Lines 000

one—sensor STAR graph

Primary TanDEM-X Secondary ) )
get_temper: file E:5\TSH_HK-RESULTS - MATLAB-UeatherData not found: aborting

— Images Graph \ directories of other sensors not found

STAR. 1 sensor = I 0s Save As | get_temper: file E:\TSX_HK/RESULTS/MATLAB-WeatherData not found: aborting

one—sensor STAR graph

— Master and Images Selgction Looking for METAR information near the location: 22.4196 lon 114.2831>...
Mester El e Bil7 &AW Task for date 20118324 finished...

20110324 00 07 .9\ = | 1500 | 0s | Inf | Inf Looking for METAR information neaw the location: 22_4196 lon 114.2031>. ..
Task for date 281168587 finizhed...

SLC Data Impart | x:!\ranced params | Get Weather Data | Reading Locations...

Task Finished.

SARPROZ 2009, the SAR PROcessor by pariZ
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SARPROZ main window

Display the dataset parameters via button "Dataset Statistics”

SARPROZ

The SAR, InSAR, PRInEAR, .. PROcessar, by petls

Select Dataset Dataset Statistics

Site Processing Small Area Processing

oK | [~ Help Mode

capyright 2009 Daniele Petissin toolperI@amall. com

Processing modules are accessed through "Site Processing”
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Dataset Parameters

File

 Figure 1: DATASET STATISTICS .

=10l x]

Filz

| Figure 2: TMAGES GRAPH

=10l x|

=

RO 9 E|0E

NoEs o9 0=

08}----
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¥ of images
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Generating the Reflectivity map
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) SITE PROCESSING - E:\TSX_HK/

— Preliminary analysis

Reflectivity map and
amplitude stability index

Mask for sparse
points zelection

— Preliminary geocoding

External DEM selection
Current; SRETH

DEM vizualization

Geocoding through
external DEM

Feacoding through
manual GCP zelection

External DEM and
zynthetic amplitude
in =AR coordinates

o
=1

EEE:E m@m

— Avxiliary analysis

Change detection

Image classification

Go

Site Processing

Press this button to generate the reflectivity map

— InSAR processing

[T Update new images only

Phase ta height
constants generation

Phaze to flat
constants generation

=T estimation

Residual fringes
estimation and removal o0
Second order o
fringes removal =

Irterferograms
processing

Coherence map
generstion

Syntethic coherence
magp generation

Single irterferogram

— Sparse pointzs selection

Load mask

oo

processing ik
— =ub-datazet extraction
Zelection and Go

extraction

— Amplitude processing

Image.s fi.ne Ga
equalization
Amplitude time Go
series analysis
Sub-pixel pqs'rtinns 5
analysis
Flat Cartesian
coordinates estimation G0

— Multi Image InSAR processing

APS estimation -

Sparse Points
processing

— Pozt-analysis

GZeografic coordinates

— Results exporting

Extended geocoding
[googlesarth kml)

Sparse geocoding
(ktml-cllt) Go

Ga
estimation
UTh coordinates o
eztimation
DEM post-analysis Go
PZ clazsification Co
Mutti-zenzar
analysis Go
Tests Go
— “isualization taolz
Hizstograms Go
Scatter Plots Go
Wiewy parameters Go
Wiewy interferograms Go

SARPROZ 2009 the SAR PROcessor by peris

[T MO security prompt

oK |




Security prompt

The tool asks for a confirm (to avoid possible
mistakes)

directories of other sensors not found

) Waiting 5 secords get_temper: file E:~TSH_HK-RESULTS-MATLAB-WeatherData not found: aborting

one—senzor STAR graph

Looking for METAR information near the location: <lat 22.4176 lon 114.2831)>_..

Task for date 20118324 finizhed...
Looking for METAR information near the location: (lat 22_.4196 lon 114.28031>_ ..
Tazk for date 20118587 finizhed...

Reading Locationsz...
Tazsk Finished.

directories of other sensors not found
one—senzor STAR graph

the tool is going to process the reflectivity map. is it ok to proceed <no iz d
efaulty> ?
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Site Processing When a task is completed, the

g corresponding button becomes green

) SITE PROCESSING - E:\TSX_HK/

— Preliminary analysis

— InSARprocessing

— =parze pointz zelection — Post-analyszis
o [T Update new images only & i diriat
Reflectivity map and Load maszk Go eografic coordinates Go
amplitude stability incex Phaze to height exztimation
constants generstion - -
Mask for sparse — Amplitude processing IUTh coordinstes A
poirts zelection Phase to flat estimation
constants generstion Images fine Go
equalization 2 i
— Preliminary geocoding 4 DAl Go
S e IS S - Amplitude time Ga
= : et seties analysis PS classification Go
Currert: SRTH Residual fringes . N
estimation and remowval L =ub-pixel F":fS’t":""S Go ;
DEM vizualization Go | analyziz M:rlt_:-a?e;zur -
Secand order Go Flat Cartesian ’
Gencading thraugh fringes remoyal coordinstes estimation S92
external DEM - ts Go
Interferograms -
Geocoding through Rrocessing — hutti Image INSAR processing
manual GCP selection — “izualization tools
o e i) - AP estimation
nenerstinn %
External DEM and e pe Histograms Go
syrthetic ampltuce To check the result, press "View
in AR coordinates " - Wi 7o . . "
Parameters” in "Visualization Tools Scatter Flots
— Avxiliary analysis STTOTE TTITET TET OO G T
processing & Results exporting
; “iewe parameters
Change detection Ga Extended geocoding o i
— Sub-datazet extraction [googlesarth kil
e e i Sparse geocoding ‘i intert
I laszificat Go selection anc ievy irterferograms G
mage classification e Go (kml-claf) Go °
SARPROZ 2009, the SAR PROcessar by peris [T MO security prompgt Ok |
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View Parameters

Select "Reflectivity =0 x|
Map" from the menu

Parameter

Azimuth pos.
RCS

Range width
Range pointing
Azimuth width
Azimuth pointing
Taon

Toff

Fitting index
Pos. dev.

AP ampl.

AP phase
Sample

Line

Refl. map

Pos Master
IMu Pos

Sigma Pos
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View Parameters

) Figure 1

File
NEEde*2ODa0E

Amplitude incoherent Mean

-1l

Parameter

Refl. map

:

SARPROZ G 2004
the SAR PROCessor by petls

=
2
2 1500
(=1
E
m
w

Press the button "Plot"

1000 1500 2000 2500
Line [pix]
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Site Processing

) SITE PROCESSING - E:\TSX_HK/

| RIS
Press this button to generate the mask for sparse
points selection

— Amplitude processing ; UTh coordinates

Phase to flst _ estimation
constants generation Images fing
s : equalization
— Preliminary geocoding—————

: UEL SR Amplitude time
External DEM selection

series analysis PS clazsification
Current: SRTHM Residual fringes

estimation and remaowval Sub-pixel F"IfSﬁiDI'IS
DEM wizualization analysiz

— Preliminary analysis
Reflectivity map and
amplitude stability inde:x

Mask for sparse
points selection

constants generstion

DEM post-analysiz

Multti-zensor
analysis
Second arder ¥

: Flat Cartesian
Geocoding through fringes removal coordinstes estimation
external DEM

Testz
Irterferograms

Geocoding thraugh PrOCE=2Ing
manual ZCP selection

— Multi Image INSAR processing

coh — Yizualization tools
CIEEER APS estimation -
generation

External DEM and Histograms:
synthetic amplitude .
in SAR coordinates SIS EC T SnsE

_ Sparse Points
magp generstion processing

— Auxiliary analysis Single interferagram
processing — Re=ults exporting

Scatter Plots

Change detection

Extended geocoding SIS RIS

— Sub-dataset extraction [googleearth kml)

i = i
Image clazsification =Selection and e e el

Yiewy interferograms
extraction Chml-ciiaf)

SARPROZ 2009, the SAR PROCessor By peris [ MO security prompt

C
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The external DEM

3-7 September 2012 SARPROZ (c) tutorial, Daniele Perissin 24/150



Site Processing

) SITE PROCESSING - E:\TSX_HK/

— Preliminary analysis — INSAR processing

Sparse points selection ——F— Post-analysis

Reflectivity map anc I™ Update new images only Ll Gao | Geografic coordinates
amplitude stability inde:x

Phaseto heigr'rt. - estimation
Mazk for sparse b ,- . M coordinstes:
poirts selection SRTM DEM is the default option, pstmsten

T ——1  and automatically downloaded

: I8 1 BRI - Amplitude time
External DEM selection

zeties analysis
Current: SRTH Reszidual frif

eztimation and

DEM vizualization PI"@SS ThIS bUTTOH TO Multi-=ensor
. . analysis
| . visualize the DEM '
Geocoding through

external DEM et

Interferograms: .
Geocoding thraugh PrOCE=2Ing

manual GCP selection

coh — “izualization toolz
g 2'|:|Eer;$nrgap - APS estimation -
External DEM and .

Histograms:
synthetic amplitude .
in =AR coordinates S G el

_ Sparse Points
magp generstion processing

— Auxiliary analysis Single interferagram
processing — Re=ults exporting

Go

M post-analysis

Gao

P= clazsification

— Multi Image INSAR processing

Scatter Plots

Change detection

Extended geocoding SIS RIS

— Sub-dataset extraction [googleearth kml)

i = i
Image clazsification =Selection and e e el

Yiewy interferograms
extraction Chml-ciiaf)

SARPROZ 2009, the SAR PROcessar by peris [ MO security prompt QK |
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DEM visualization

Tools for navigating/manipulating the image

=10 x|

The processed area is
identified by 4 back crosses

1000 1200
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) SITE PROCESSING - E:\TSX_HK/

— Preliminary analysis

Reflectivity map and
amplitude stability inde:x

Mask for sparse
points selection

— Preliminary geocoding

External DEM selection
Current: SETH

DEM vizualization

Geocoding through
external DEM

Geocoding through
manual GCP selection

External DEM and
synthetic amplitude
in =AR coordinates

— &Auxiliary analysis

Change detection

Image clazsification

Site Processing

— INSAR processing

[T Update new images only

Phaze to height
constants generstion

Sparse points selection

Load maszk

oo

0

Post-analysis

Geografic coordinstes
eztimation

Phaze to 1

ygﬁﬁ
MST estirmsd

Use this b

DEM source

utton to select an other

Residual fringes
estimation and removal 20

Second arder
fringes remaoyval

Irterferograms
processing

Coherence map
generation

Syritethic coherence
magp generstion

Single interferogram
processing

Amplitude time

i ; Gao
zeties analysis

Sub-pixel positions
analysiz

Flat Cartesian
coordinates estimation Go

— Multi Image INSAR processing

APS estimation

Sparse Points
processing

P= clazsification

Multti-zensor
analysis

Tests

Go

— Sub-dataset extraction

Selection and
extraction

— Reszults exporting

Extended geocoding
[googleearth kml)

Sparze geocoding
(kmil-cliaf)

— Yizualization tools

Histograms:

Scatter Plots

Yiewy parameters

Yiewy interferograms

SARPROZ 2000, the SAR PROCessor By periZ

3-7 September 2012

[ MO security prompt

QK |
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External DEM selection

Select a file containing the DEM data

Look in: | | dem_hk

Mame = =
E’ 10/02/10 1:41PM  File
10/09/01 2:46 PM  PAR File

Hecerﬁ Places
Corner LatMaorth Coord Type

: Corner Lon/East

Desktop
LatMarth posting

Lon/East posting

GEO =
Libraries
L@ LatMlorth pixels Import par |

Lon/East pixels

SARPROZ @ 2004
the SAR PROcessor by petls

File name: Idern

Files of type: IAII Files

28/150
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External DEM selection

) Select the Gamma .par file
o .| DEM SOURCE SELECTION

Look in: | |, dem_hk

o = .
Choose file E:dem_hkwdem
g 10/09/01 2:46 PM  PAR File |

Hecerﬁ Places
Corner LatMarth | Coord Type

. Caorner LonEast I IGECI = I

Desldop

H LatMorth posting |

LoniEast posting

Libraries

I_:_E LatMlarth pivels |
i = Impart par

Curr:puter LonEast pixels

SARPROZ @ 2004
the SAR PROcessay/by petls

Import a parameter file for reading the DEM data
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External DEM selection

Alternatively, fill in manually the DEM parameters

) DEM SOURCE SELECTION
Choose file | E:dem_hkwdem

Corner LatMorth Iﬁ Coord Type
Corner LoniEast IW Im
LatMarth posting m

LoniEast posting m

LetMorth pixels | 9547

Lon/East pixels | 13639

the SAR PROcessar by pefk

When completed, press the "OK" button
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DEM visualization

) Figure 1
File

A= E

1000 2000 3000 4000 5000

The newly imported DEM has a
better resolution than SRTM
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Preliminary geocoding
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) SITE PROCESSING - E:\TSX_HK/

— Preliminary analysis

Reflectivity map and
amplitude stability inde:x

Mask for sparse
points selection

Site Processing

— INSAR processing

[T Update new images only
Phaze to height
constants generstion

Phaze to flat
constants generation

— Preliminary geocoding

External DEM selection
Current: SETH

DEM vizualization

Geocoding through
external DEM

Geocoding through
manual GCP selection

External DEM and
synthetic amplitude
in =AR coordinates

— &Auxiliary analysis

Change detection

Image clazsification

M=T estimation

Residual fringes
eztimation and removal

— Sparse points selection

Load maszk

— Amplitude processing

Images fine
equalization

Amplitude time
zeties analysis

Sub-pixel positions Go

analysiz

— Post-analysis

Geografic coordinstes
eztimation

UTh coardinates
estimation

DEM post-analysiz

P= clazsification

Multi-zensor

Go

Second arg
Tringes remidg

rterferogrs
processing

Click this button to have a first
evaluation of the quality of geocoding

Coherence map
generation

Go

Syritethic coherence
magp generstion

Single interferogram
processing

— Multi Image INSAR processing

APS estimation

Sparse Points
processing

— Sub-dataset extraction

Selection and
extraction

— Reszults exporting

Extended geocoding
[googleearth kml)

Sparze geocoding
(kmil-cliaf)

— Yizualization tools

Histograms:

Scatter Plots

Yiewy parameters

Yiewy interferograms

SARPROZ 2000, the SAR PROCessor By periZ

3-7 September 2012
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3-7 September 2012

Geocoding through a GCP

No GCP has been inserted yet

) GCP - E:\TSX_HK\

Coard

Marth [m] £ Lat [7] -
¥ UTM

i~ Geo
{~ Gauss Boaga

East [m] / Lan/] |

Ellipsoidal Helght |
Lone

—

Plat Mean | GCP Kml |

Get auto GCF‘l Ok |

SARPROZ @ 20049, the SAR PROcessar by peris

Use this button to display the
Reflectivity map in Google Earth

SARPROZ (c) tutorial, Daniele Perissin

34/150



The Reflectivity Map in GE
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O If you browse the result, you can notice
a low quality geocoding
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) SITE PROCESSING - E:\TSX_HK)\

— Preliminary analysis

Reflectivity map and
amplitude stability index

Mask for sparse
points zelection

Site Processing

— Preliminary geocoding

External DEM selection
Current: User defined

DEM vizualization

Geocoding thraudgh
external DEM

Geocoding through
manual GCP zelection

External DEM and
synthetic amplitude
in =AR coordinates

— &Aupgiliary analysis

Change detection

Image classification

— InSAR processing

[T Update new images only

Phase ta height
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Phaze to flat
constants generation

=T estimation

— Sparse pointzs selection

Load mask
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— Amplitude processing

Images fine
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When the processing is concluded, click
again the manual GCP selection

Syntethic coherence o

map generstion a

Single interferogram
processing

— sub-datazet extraction

Selection and
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Sparse Poirts
processing

— Results exporting

Extended geocoding
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SARPROZ 2009 the SAR PROcessor By peris
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[T WO security prompt

QK |
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Geocoding through a GCP

After the automatic geocoding, a GCP is
shown here

) GCP - E:\TSX_HK)\

Coard
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e T

East[m] fLon/ | 211402 4663 " Geo
{" Gauss Boaga

Ellipsoidal Hejight |
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Plot Mean | GCP Kml |

Get auto GCF‘l

SARPROZ @ 2009, the SAR PROcessor by peris

We can display again the reflectivity
map in GE, but we need to check "OVR"
to overwrite the previous result
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The Reflectivity Map in GE
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The geocoding is slih’rly different,
still not very precise. Why?

magery Da C 3| 2000
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Site Processing

) SITE PROCESSING - E-\TSX_HK\

— Preliminary analysis

Reflectivity map and
amplitude stakility index

Mazk for sparse
pointz zelection

— INSAR processing
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conzstants generation
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We need to project the DEM data into

the SAR coordinates

generatian
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— &pgiliary analysis
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Selection and
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— Results exporting
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SARPROZE 2004, the SAR A

3-7 September 2012

When the processing is completed we
can check the results with "View
Parameters”

SARPROZ (c) tutorial, Daniele Perissin

Hiztograms

Scatter Plots

Wiewy parameters

Wiewy ipterferograms
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