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Overview ASEY/A
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Coherence change is a crucial parameter for post-disaster assessment and land
surface monitoring, especially when using high-resolution L-band SAR data. It allows
for the detection of structural damage, land disturbances, and human-induced
changes over time.

Two main SAR-based approaches are commonly used for surface change analysis:

1) SAR interferometry (INSAR) to measure surface deformation;

2) Coherence change detection, which compares the similarity of radar backscatter
signals between pre- and post-event acquisitions.

In this tutorial, we will apply the coherence change detection method using ALOS-2
PALSAR-2 data.
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In this exercise, you will work with SNAP software to analyze coherence change
from a pair of ALOS-2 PALSAR-2 data. QGIS will also be used to calculate and
visualize the output.

Data:
e ALOS-2 PALSAR-2 on 10 October 2022: ALOS2452677050-221010

o ALOS-2 PALSAR-2 on : ALOS2456817050-221107

e ALOS-2 PALSAR-2 on 21 November 2022 : ALOS2458887050-221121
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EARTHQUAKE IN WEST JAVA PROVINCE, INDONESIA

As observed by Sentinel-1 images on 23 November 2022
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Sentinel Asia activation:

Earthquake in Indonesia

L]
Map Information

Scale 1: 200,000
N Coordinate System: GCS WGS 84

Datum: D WGS 84
A Unit: Degree

e —

DInSAR wrapped phase (rad)
K Epicontr DA
Hgh 314180
Municipality Boundary [ ]
Low: 334159
Line of Sight Displacement (m)

value
High - 0.0761163

Satellite look direction

LOS Direction
Low - 0127841

Satelite Image

Pre-disaster - Sentinel-1A, 11 November 2022

Post-disaster : Sentinel-1A, 23 November 2022

InSAR product processed by ASF DAAC HyP3 2022

using GAMMA software. Contains modified Copernicus

Sentinel data 2022, processed by ESA o

Other Data:
Administrative Boundary: DIVA GIS
Epicenter: USGS

These maps show the differential interferogram and the
line of sight displacement generated from interferometric
analysis using Sentinel-1 images (Ascending track),
acquired before and after the earthquake occurred on
21 November 2022 in Cianjur Regency, West Java
Province, Indonesia

Positive values indicate movement towards the sensor
(such as uplift, while negative values indicate movement
away from the sensor (such as subsidence)

Map product made by GIC-AIT (v1.0)
Disclaimer: The accuracy of this product is not validated.

Data provider:

@esa

Occurrence Date
(UTC): 21 November,
2022

SA activation
Date(UTC): 22
November, 2022

Requester: National
Research and
Innovation Agency
(BRIN)



Earthquake in Indonesia

« Occurrence Date (UTC): 21 November, 2022
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1. Install SNAP Software

= Q + Scence Toolbox Exploitation Platform

Note: the PROBA-V Toolbox is not compatible with SNAP version 10.

We offer three different installers for your convenience. Choose the one from the following table
which suits your needs. During the installation process, each toolbox can be excluded from the
installation. Toolboxes which are not initially installed via the installer can be later downloaded and

installed using the plugin manager. Please note that SNAP and the individual Sentinel Toolboxes also

support numerous sensors other than Sentinel.

If you previously used SNAP before, we recommend uninstalling the older SNAP version before

installing the latest version.

Note: users running SNAP on Linux/Ubuntu version >= 16.04, please read the following instructions
to avoid conflicts with the Ubuntu package manager “snap”: Update of SNAP default installation

directory
Windows 64-Bit Mac OS X Linux 64-bit
These installers contain the Microwave and Optical Toclboxes, download size is close to 1GB.
Sentinel Main Download Main Download Main Download
Toolboxes
Mirror Download Mirror Download Mirror Download
These installers contain only the SMOS Toolbox, download size is close to 800MB.
Download also the Format Conversion Tool (Earth Explorer to NetCDF) and the user manual.
SMOS load i load i load
Toolbox Main Downloa Main Downloa Main Downloa
Mirror Download Mirror Download Mirror Download
These installers contain the Microwave, Optical and SMOS Toolbox, download size is close to 1GB.
All Main Download Main Download Main Download
Toolboxes

Mirror Download Mirror Download

Mirror Download

Thamks to the open-source license, we create the SNAP installers with the multi-

SENTINEL

https://step.esa.int/main/download/

snap-download/

Download the latest SNAP
software from ESA. SNAP
supports installers for Windows 64-
bit, Mac OS X, and Linux 64-bit.
Note: We've downloaded the
installer for Windows 64-bit in the
training folder.

Install the software. Use the default
configuration.

Once the installation is finished,
update all suggested plugins.


https://step.esa.int/main/download/snap-download/
https://step.esa.int/main/download/snap-download/
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2. Open SNAP Software LA

B8 snap - m] X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-
cP [y B ocP Ab o
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Processing Pair 1: 10 October 2022 and 7 November 2022 =<

e ALOS-2 PALSAR-2 on 10 October 2022: ALOS2452677050-221010
Pair 1
e ALOS-2 PALSAR-2 on : ALOS2456817050-221107

o ALOS-2 PALSAR-2 on 21 November 2022 : ALOS2458887050-221121

Use this 2 images (Pair 2)
= ALOS2452677050-221010
= ALOS2456817050-221107

File Name:
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3. Import ALOS-2 Data in SNAP T

it View Analysis Layer Vector Raster Optical Radar Tools Window Help B8 SNAP - Import Product X
e SR EE MR AN Lookin: | B8 ALOS 2 Input this 2 images (Pair 1) vIiRnA S
4 Product Libra ffo = =
e O[C===) - AL0s2452677050-221010
e it T
S = ALOS2456817050-221107

Session >

rojects

ic Formats >

- Optical Sensors >

= File Name:

SAR Formats >
SAR Sensors > i &
Veckok stz dl o 4 Files of Type: | ALOS-2 CEOS Products v

CAPELLA Import Product Cancel

COSMO-SKYMED
ENVISAT ASAR
ERS 1/2 CEOS
GAOFEN3

ERS1/2 SAR (E1, .£2) B8 SNAP - Import Product %
Navigation - [1] ... Colour Manipul... Uncertainty Vist |CEVE vicklooks

JERS CEOS Look In: ALOS2452677050-221010

KOMPSAT-5 e ] Se|eCt
RADARSAT1 — = VOL-ALOS2452677050-221010-FBDR.1_A
E P = VOL-ALOS2452677050-221117-FBDR.1_A

Spacety

StriX GRD
StriX
TerraSAR-X
TanDEM-X
UAVSAR
File Name: VOL-ALOS2452677050-221010-FBDR1.1_A

Files of Type: | ALOS-2 CEOS Products v

2000 K
L12000Km a Import Product Cancel




4. Check the location of ALOS-2 Data

B8 snap

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

a LNBTLCE XE @A AN

Product Explorer X = Pixel Info

~ & [1] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010
> @ Metadata
> @ Vector Data
> (@ Tie-Point Grids

Use Quicklook to check
the location of the images.

Navigation - [1] ... Colour Manipul... Uncertainty Visu...  World View  Quicklooks %

N (1] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010 huickiook

-

Navigation - [1] ... Colour Manipul... Uncertainty Visu...

B8 snap

File Edit View Analysis Window Help

aB LNIBTALTE XE MO AN

Product Explorer X = Pixel Info

Layer Vector Raster Optical Radar Tools

~ & [1] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010
> @ Metadata
> @ Vector Data
> @ Tie-Point Grids
~ @ Quicklooks
© Quicklook
> @ Bands
~ 8 [2] ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107
> @ Metadata
> @ Vector Data
> @ Tie-Point Grids
=

World View  Quicklooks %

N (21 ALOS2-FBDR1_1_A-ORBIT_ALO!

52456817050-221107 Quicklook v

SENTINEL



Coregistration AﬁfA

e

Ensures pixel-to-pixel alignment between image pairs so that coherence is computed between
corresponding ground points.

If images are not coregistered, pixel comparison will be spatially incorrect, leading to faulty
coherence values.

Pairwise alignment allows for analyzing change at specific intervals.



5. Coregistration

» Open the Coregistration window Radar > Coregistration > Coregistration

E [2] Quicklook - [ALOS2-FBDR1_1_A-ORBIT_ALOS245681 7050-‘ - [Z\A-Projects\Sentinel-Asia\A_Activation\2022120221121_|
File Edit View Analysis Layer Vector Raster Optical BEELEIS Tools Window Help

af NELCR NE
Product Explorer %

v e [1]ALOSZ-FBDR1_1_A-ORBIT_ALOSZ452677050-e
> @ Metadata
> Vector Data
> Tie-Point Grids
v @ Quicklooks
@ Quicklook
> Bands
+ & [2] ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107
> Metadata
> Vector Data
> (@ Tie-Point Grids
a Quicklooks

SO Quicklook

> Bands

Pixel Info

ENVEYe R =

DEM-Assisted Coregistration >

Stack Tools >

Cross InSAR resampling

Apply Orbit File
Radiometric

Speckle Filtering

Coregistration

Interferometric

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

vV Vv Vv Vv v v VIR v

SENTINEL
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Coregistration window
& Coregistration X
ProductSet-Read C Stack Cross-C i Warp  Write

File Name Type Acquisition Track Orbit o
&
[
*
4
b 4
&
»

0 Products

@ Save @ Help [> Run




5. Coregistration

» Input the data ALOS2452677050-221010 and ALOS2456817050-221107

& Coregistration X

ProductSet-Reader ~ CreateStack  Cross-Correlation ~ Warp ~ Write

File Name Type Acquisition Track Orbit s

: SENTINEL ’
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& Coregistration

ProductSet-Reader If teSt I(I Cross-C

0 Products

@ Save @ Help [> Run

Warp  Write
File Name Type Acquisition Track Orbit
ALOS2-FBDR1_1_A-ORBIT_AL0S2452677050-221010 FBDR1.1 100ct2022 99999 45267
ALOS2-FBDR1_1_A-ORBIT_AL0OS2456817050-221107 FBDR1.1 07Nov2022 99999 45681

E) Save

@ Help

[> Run

ol

Qe <@ > 81 10

i

2 Products




5. Coregistration
» Setting Up CreateStack, Cross-Correlation, and Warping

& Coregistration

ProductSet-Reader

Cross-Correlation Warp Write

Reference: ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010
Resampling Type: NONE

Initial Offset Method: Orbit

Output Extents: Master

Find Optimal Reference

¥

Use the default settings provided by the program.

SENTINEL
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¢ Coregistration

Number of GCPs:
| Test GCPs are on land

Coarse Registration
Estimate Initial Coarse Offset

Coarse Window Width: 128
Coarse Window Height: 128
Row Interpolation Factor: 4
Column Interpolation Factor: 4
Max Iterations: 10
GCP Tolerance: 0.25

ProductSet-Reader  CreateStack Warp  Write

| Apply Fine Registration for SLCs

Fine Registration
Fine Window Width:

Fine Window Height:
Coherence Threshold:
®) Cross-Correlation based registration
Fine Accuracy in Azimuth:
Fine Accuracy in Range:
Fine Window oversampling factor:

Coherence based registration

Coherence Window Size:

32
32
0.6

& Coregistration a

ProductSet-Reader ~ CreateStack  Cross-Correlation Write

RMS Threshold (pixel accuracy): 70.05
Warp Polynomial Order: 1
Interpolation Method: Cubic convolution (6 points)

Show Residuals




5. Coregistration

> Set the destination folder for output files.

A=A TS AR OS2 T VO =AU S AS R T I-EEDELI —SNEP

B Capture
B China

B Coherence
B Frpm DAs
B Gorkha
B9 Gorkhal

Target Product

Name:

Save as: BEAM-DIMAP
Directory:

ProductSet-Reader  Crea | py p.)

B PuertoRico
B Zagreb2

& Select Target Directory

Lookn: B Trainning

SARL e N AHE

[ 13602015 B Zagreb3

@ Create the folder for output file.

Folder name:

Files of Type:

D:\Pang_Th hol\Sentinel-Asia\2025\Trainning\Indonesia_EQ

e - Cencs

(Ctrl

ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack

v

D:\Pang_Thanap

N\Sentinel-Asia\2025\Trai

E‘ Save @ Help [> Run

SENTINEL
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e



5. Coregistration
» Run

& Coregistration

ProductSet-Reader CreateStack Cross-Correlation Warp Write

Target Product

Name:
ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack
Saveas:| BEAM-DIMAP v

Directory:

D:\Pang._ inel-Asia\ 2025\ Trainning!

1% Cancel

Computing raster data...

2

& Coregistration

ProductSet-Reader ~ CreateStack ~ Cross-Correlation ~ Warp ~ Write

Target Product

Name:
ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack
Saveas:| BEAM-DIMAP v

Directory:

D:\Pang_ inel-Asia\2025\Trainning\Indonesia_EQ.

Processing completed in 8.233334 minutes (13 MB/s 3 MPixel/s)

Bysave | @Hep | [>Run

SENTINEL

Product Explorer ¥ Pixel Info
e e

& [2] ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107
@2 Metadata
@ Vector Data
3 Tie-Point Grids
& Quicklooks
O Quicklook
lBands

~ & [3] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack

3 Metadata

@ Vector Data

@2 Tie-Point Grids

3 Bands

@ i HH_mst_100ct2022

q_HH_mst_100ct2022
Intensity_ HH_mst_100ct2022
i_HV_mst_100ct2022 | |
q_HV_mst_100ct2022
Intensity_HV_mst_100ct2022
i_HH_slv1_07Nov2022
q_HH_shv1_07Nov2022
Intensity_HH_shv1_07Nov2022
i_HV_sh2_07Nov2022
q_HV_sv2_07Nov2022
Intensity_HV_siv2_07Nov2022

Click Run, It take time about 8 minutes

Navigation - [1] ... Colour Manipul... Uncertainty Visu... ~ World View Quicklooks %

The results for Coregistration
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Coherence Estimation L5

Interferometric Coherence measures how well radar signal phases match between two images,
ranging from O (no correlation) to 1 (perfect correlation).

High coherence (~0.8—1.0) indicates stable surfaces with little or no change, meaning buildings
and ground structures remain intact.

Low coherence (<0.5) signals surface changes such as building collapse, landslides, cracked
roads, or disturbed vegetation, making it crucial for earthquake damage detection.



6. Coherence Estimation
> Input Stacked File and Set Up Coherence Processing

~JZ:\A-Projects\Sentinel-Asia\A_Activation\2022\20221121_Indonesia-Earthquake\ALOS-
Tools Window Help

EINVERBEYER 2 N[

Apply Orbit File

Radiometric
Speckle Filtering
Coregistration

Products

>

>

>
Interferometric > Pl Interferogram Formation
Polarimetric > | Filtering bl Coherence Estimation
Geometric > | Unwrapping > | Topographic Phase Removal
Sentinel-1TOPS > | PSI\SBAS > | Three-pass Differential INSAR
ENVISATASAR > | InSAR Stack Overview Phase to Height
SAR Applications > Phase to Displacement
SAR Utilities > Phase to Elevation

Integer Interferogram Combination
Multi-Reference InSAR
Horizontal/Vertical Motion

lonospheric Correction

Go to Radar > Interferometric >
Products>Coherence Estimation

& Coherence Estimation

File Help

1/O Parameters  Processing Parameters

Source Product

Source product:
I‘ [3] ALOS2-FBDR1_1_A-ORBIT_AL0OS2452677050-221010_Stack v| I

Target Product
Name:
ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh
V| Save as: BEAM-DIMAP v
Directory:
D:\Pang_Thanaphol\Sentinel-Asia\2025\Trainning\Indonesia_EQ
| Open in SNAP

SENTINEL

v
e

& Coherence Estimation

File Help

1/0 Parameters Processing Parameters

V| Single Reference
Subtract flat-earth phase
Degree of “Flat Earth” polynomial 5
Number of "Flat Earth" estimation points 571
Orbit interpolation degree
Subtract topographic phase

Digital Elevation Model: SRTM 3Sec (Auto Download)

Tile Extension [%] 100

[/] Square Pixel | Independent Window Sizes
Coherence Range Window Size 10

Coherence Azimuth Window Size 19

Select ALOS2452677050-
221010_Stack file

el I Close

Click RUN to process




6. Coherence Estimation

» The results for Coherence Estimation

([ e

Processing completed in 114 seconds (14 MB/s 3 MPixel/s) I

170 P ing P

/| Single Reference
Subtract flat-earth phase
Degree of "Flat Earth" polynomial
Number of "Flat Earth” estimation points 5
Orbit interpolation degree
Subtract topographic phase
Digital Elevation Model: SRTM 3Sec (Auto Downloa
Tile Extension [%]
/| Square Pixel
Coherence Range Window Size 10

Coherence Azimuth Window Size 19

Processing completed in 2 minutes

=

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
6eP N, T

aB IBELSR LB rOAATNY
Product Explorer X | Pixel Info =
& [1] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010
@2 Metadata
@2 Vector Data
@2 Tie-Point Grids
& Quicklooks
© Quicklook
@ Bands
& [2] ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107
@ Metadata
@2 Vector Data
@ Tie-Point Grids
& Quicklooks
@ Quicklook

@2 Bands

& [4] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh
@ Metadata
@2 Vector Data
@2 Tie-Point Grids
&3 Bands
B coh_HH_100ct2022_07Nov2022
B coh_HV_100ct2022_07Nov2022

Output file: ALOS-FBDR1 1 A-
ORBIT_AL0OS2452677050-
221010_Stack_coh

SENTINEL

The results for Coherence Estimation

are available, but the geometric
properties are not yet correct.
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7. Multilooking ‘-

Multilooking is a technique used to reduce speckle noise in SAR images and to achieve more
square-shaped pixels by averaging multiple "looks" of the same target area.

Process: This technique involves averaging multiple independent "looks" or samples of the
same target area. This averaging helps to smooth out the random components of speckle noise
while often leading to more isotropic (square-shaped) pixels.

Result: Produces a smoother image, though it slightly reduces spatial resolution.



/. Multilooking

SENTINEL
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> Input ALOS2452677050-221010_Stack coh File and Set Up Multilook Processing

aTools Window Help
P

Apply Orbit File " D % @ \ $ \

Radiometric
Speckle Filtering — B [4] coh_HH_100ct2022_07Nov2{

>

>
Coregistration >
Interferometric >
Polarimetric >
>

>

>

Geometric

Sentinel-1 TOPS
ENVISAT ASAR

P Resampling

Auxiliary Files

Multllookmg

BandPass Filter
_Stack
__Stack_coh

Go to Radar > SAR Utilities > Multilook

& Multilooking

File Help

1/0 Parameters Processing Parameters

Source Product

source:

[4] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stac...
[1] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010

[2] ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107

| Save as: BEAM-DIMAP v
Directory:
)\Pang_Thanaphol\Sentinel-Asia\2025\Trainning\Indonesia_EQ

V| Open in SNAP

Select ALOS2452677050-
221010_Stack _coh file

& Multilooking X

i Select only HH band

1/O Parameters Processing Parameters

Source Bands: 6 I coh HH 100ct2022 07Nov2022

coh_HV_100ct2022_07Nov2022

| GR Square Pixel Independent Looks
Number of Range Looks: [[5
Number of Azimuth Looks: | 19
Mean GR Square Pixel: 33.617527

Output Intensity

Note: Detection for complex data
is done without resampling.

Click RUN to process



/. Multilooking

» The results for Multilooking

File Help

Processing completed in 2 seconds (8 MB/s 2 MPixel/s) I

I/O Parameters  Processing Parameters

Source Bands: coh_HH_100ct2022_07Nov2022

coh_HV_100ct2022_07Nov2022

o

| GR Square Pixel Independent Looks
Number of Range Looks: 5
Number of Azimuth Looks: 1p

Mean GR Square Pixel: 33.617527

Output Intensity
Note: Detection for complex data

SRl A S

Close

Processing completed in 2 Seconds

SENTINEL
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15] coh_HH_100ctX

[ (5] coh_HH_100ct2022_07Nov2022 - ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stac
Radar Tools Window He

B A AL

Pixel Info =

& Quicklooks
@ Quicklook
> (@ Bands
v & [2] ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107
> @ Metadata
@2 Vector Data
> @ Tie-Point Grids
~ & Quicklooks
@ Quicklook
> @ Bands
> & [3] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack
v & [4] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh
> @ Metadata
@2 Vector Data
> @ Tie-Point Grids
~ &3 Bands
Bl coh_HH_100ct2022_07Nov2022
22
v B [5] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh_ML
> [ Metadata
> @ Vector Data
@ Tie-Point Grids
~ &3 Bands

. coh HH _100ct2022 07Nov2022

File Edit View Analysis Layer Vector Raster Optical
aR oNnETeee TE

Product Explorer X

Output file: ALOS-FBDR1_1_A-
ORBIT_ALOS2452677050-
221010_Stack_coh_ML

The results for Multilooking are
available, but the geometric
properties are not yet correct.



Terrain Correction (Range-Doppler Terrain Correction) AQ/A

To correct geometric distortions (such as foreshortening, layover, and shadow) inherent in SAR
images, which arise from the sensor's side-looking geometry and varying terrain elevations.

Using a high-resolution Digital Elevation Model (DEM) and precise satellite orbit data, this step
accurately maps each SAR pixel from its native slant range geometry to a standard geocoded
map projection (e.g., UTM or WGS84 latitude/longitude).

This crucial processing ensures that the radar image is geographically accurate and aligns
perfectly with other geospatial data, making it suitable for direct overlay, comparison, and
integration into GIS for reliable damage assessment.



SENTINEL

8. Terrain Correction (Range-Doppler Terrain Correction) ==
» Open Range-Doppler Terrain Correction Tool and Input ALOS2452677050-221010_Stack_coh_ML File

> @ Range Doppler Terrain Correcti X
0 GELETM Tools Window Help S0 SRR S A R OTRRRD
File Help
S P — N -
soyoniie PN D B Q@B « MEED * R
Radiometric > foceng
Speckle Filtering > — [ 14] coh_HH_100ct2022 07Nov2022 * [E [5] coh_HH_100ct. Source Product
— - source:
Coregistration > [5] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh_ ML v .
Interferometric > [1] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010
Y : [2] ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107
Polarimetric > | 3] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack
> | Terrain Correction > | Range-Doppler Terrain Correction 4] ALOS2-FBDR1 1_A-ORBIT_ALOS2452677050-221010 Stack coh
————— - . - 5] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh_ML
> | Ellipsoid Correction > | SAR Simulation PE—pE
ENVISATASAR > | SAR-Mosaic SAR-Simulation Terrain Correction Directofy
) . ) D:\Pang_Thanaphol\Sentinel-Asia\2025\Trainning\Indonesia_EQ
SAR Applications > | SAR Mosaic Wizard )
/| Open in SNAP
SAR Utilities > | ALOS Deskewing
| Slant Range to Ground Range
Stack Update Geo Reference
Stack_coh

Go to Radar > Geometric > Terrain Correction > Select ALOS2452677050-
Range-Doppler Terrain Correction 221010_Stack_coh_ML file
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8. Terrain Correction (Range-Doppler Terrain Correction) ==

» Set Up DEM and Map Projection

@ Range Doppler Terrain Correction X
File Help

170 o Processing Parameters

Source Bands: coh_HH_100¢t2022_07Nov2022

DEM: Use (SRTM 1Sec HGT)

Digital Elevation Model: 9 | SRTM 1Sec HGT (Auto Download) v I
DEM Resampling Method:

Pixel Spacing (deg): 2

Map Projection: I WGS84(DD) I
/| Mask out areas without eYeation | | Output complex data
Output bands for:

/| Selected source band DEM Latitude & Longitude
Incidence angle from ellipsoid Local incidence angle Projected local incidence angle
Layover Shadow Mask

Apply radiometric normalization

Use projected local inci

Use projected local incider

DEM: Use the same DEM as in coregistration (e.g.,
SRTM 1Sec HGT (Auto Download))

BILINEAR_INTERPOLATION v
Image Resampling Method: BILINEAR_INTERPOLATION v
Source GR Pixel Spacings (azx rg):  34.240179(m) x 32.99404966003075(m)
Pixel Spacing (m): 34.240179

@ Rangel Terrai

File Help

1/0 P: Processing P

Source Bands: coh_HH_100ct2022_07Nov2022

&84 Map Projection X

Coordinate Reference System (CRS)
@) Custom CRS

Geodetic datum:  Wor

Projection: I UTM / WGS 24 (Automatic)

Projec

Predefined CRS

Layover Shadow Mask

Apply radiometric normalization

Map Projection: Choose your desired map
projection (UTM / WGS84 (Auto)
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8. Terrain Correction (Range-Doppler Terrain Correction) ==

» The results for Terrain Correction

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help x | [ [5] coh_HH_100ct2022_07Nov2022 % [ [6] coh_HH_100ct2022_07Nov2022 X
aB LRLELECR HXE »OAATN -

Product Explorer X | Pixel Info -

@2 Vector Data
@ Tie-Point Grids

The results for coherence (pair 1):

& Quicklooks
e (10 October & 7 Nov 2022)
@ Bands
& (3] ALOS2-FBDRI_1_A-ORBIT_ALOS2452677050-221010_Stack ( - )
§ (4] ALOS2-FBDRT_1_A-ORBIT_ALOS2452677050-221010_Stack_coh Pre-Event
@ Metadata - P . . VER ,

22 VectorData
@ Tie-Point Grids
& Bands
[ coh_HH_100ct2022_07Nov2022
B coh_HV_100ct2022_07Nov2022
& [5] ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh_ML
@ Metadata
@ Vector Data
2 Tie-Point Grids
Q Bands

(6] ALOS2-FBDR1_1_A-ORBIT_AL0S2452677050-221010_Stack_coh_ML_TC
@ Metadata

@ VectorDats

&3 Bands

[ coh HH 100ct2022 07Nov2022

Uncertainty Vi Quicklooks

The geometric properties are correct.

Output file: ALOS-FBDR1_1_A-
ORBIT_ALOS2452677050-221010_Stack_coh ML_TC



Processing Pair 2: 7 November 2022 and 21 November ZOAQ/A

o ALOS-2 PALSAR-2 on 10 October 2022: ALOS2452677050-221010

e ALOS-2 PALSAR-2 on : ALOS2456817050-221107
Pair 2
e ALOS-2 PALSAR-2 on 21 November 2022 : ALOS2458887050-221121
Just apply all the same steps as I e i a
Pair 1, but with Pair 2 data. o B S
ST Use this 2 images (Pair 2)

Import ALOS-2 Data in SNAP
Coregistration

Coherence Estimation
Multilooking

Terrain Correction

= ALOS2452677050-221107
= ALOS2456817050-221121

RN~

File Name:
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9. Compare the result between Pair 1 and 2 L5

» After finishing processing for pair 2, we can open the results for pair 1 to compare

—

File Edt View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-
aBh IRERCe XV roAAGINVRYOR = \ (@

8 (12) coh_HH_0TNov2022 21Nov2022

@ (6) coh H ct2022_O7Nov.

sbeueyy 13de) ()

HV_sh2_21Nov2022

@ [10] ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107_Stack_coh
G Metadats
3 Vector Data
2 Tie-Point Grids

@ [11] ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107_Stack_coh_ML
G Metadats
3 Vector Data
(@ Tie-Point Grids
S Bands
@ coh_HH_O7N
@ [12) ALOS2-FBOR1_1_
O Metadata
@ Vector Data
S Bands
@ coh_HH_0TNov2022_21Nov2022

ORBIT_ALOS2456817050-221107_Stack_coh ML_TC

Uncertainty Visu...  World View Quickiooks

Navigation - [6] .. Colour Mani... X

Editor: @ Basic | Sliders | Table

Change the color of results

Palette

PEa f v

Load exact values Reverse
Range
Man: 00979344 Max: 08055558
From Palette From Data

()

2 More Options



Coherence Changes Calculation W\

To quantify the impact of the November 21, 2022, event on coherence. This involves comparing
the coherence calculated from Pair 2 (the post-event period) with a pre-event baseline
coherence (which would be the coherence calculated from Pair 1: October 10 - November 7).
This highlights the actual change caused by the event.

The resulting "coherence change" map is your primary tool for damage assessment. Areas
showing a significant drop in coherence in this final map are strong indicators of damage or
significant surface alteration directly related to the event, as stable features would have lost
their consistent radar scattering properties.
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10. Input Coherence results form Pair 1 and 2 in QGIS 54

olume (D:) > Pang_Thanaphol > Sentinel-Asia > 2025 > Trainning > Indonesia EQ >

~

A Name Date modified Type Size
ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack.data File folder
ALOS2-FBDR1_1__A-ORBIT_ALOS2452677050-221010_Stack_coh.data File folder
Al OCI_EBDR A-ORB AlQ 4 £77050 010 = gh M| data Ei i .
ALOS2-FBDR1_1__A-ORBIT_ALOS2452677050-221010_Stack_coh_ML_TC.data File folder I Pair 1
BOR T BT T Stacr.aete S EEES
ALOS2-FBDR1_1__A-ORBIT_ALOS2456817050-221107.Stack_coh.data File folder
= - 2 07 Cio- L b RAL o Lilo £olL .
ALOS2-FBDR1_1__A-ORBIT_ALOS2456817050-221107. Stack_coh_ML_TC.data File folder m-l Pair 2
ack.aim TIRP Stanaarg o o8
ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh.dim SNAQ Uit Project— 0G5
3 M ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh_ML.dim S SRR o i'/“"'"’.,“"“ S rat e ~ - ~ T _
; [ ALOS2-FBDR1_1_A-ORBIT_ALOS2452677050-221010_Stack_coh_ML_TC.dim SNA BB B %A £ e el = SO P

. V. Z BB A

ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107_Stack.dim SNA L L A L Q@
ALOS2-FBDR1_1_A-ORBIT_AL0S2456817050-221107_Stack_coh.dim
ALOS2-FBDR1_1_A-ORBIT_ALOS2456817050-221107_Stack_coh_ML.dim 2/6

ALOS2-FBDR1_1_A-ORBIT_AL0S2456817050-221107_Stack_coh_ML_TC.dim 2/6

]
= VB coh HH_100c12022 0TNov2022
Band 1: coh_HH_100c12022 07Nev2022

Ia




11. Coherence Changes Calculation

» Using Raster Calculator tool in QGIS

Goto Raster > Raster Calculator

(2 *Untitled Project — QGIS
Project Edit View Layer Settings Plugins

DEBE @R VR e

Web Mesh Processing Help

Q@v:ﬁ ﬁﬁﬁﬂ@ Q Analysis

= - Projections
AD 0.000 v | .
wtcin L Miscellaneous
Layers Extraction

Conversion

« [l ® T T B

~ V| # coh HH 07Nov2022 21Nov2022 ¢ Align Rasters...

FEreehand Raster Georeferencer

Band 1: coh_HH_07Nov2022_21Nov2022

n ooc7ce

Equation:

ABS (“‘coh_HH_07Nov2022_21Nov2022@1” —

“coh_HH_100ct2022_07Nov2022@1)

SENTINEL

v
e

(2 Raster Calculator X [

Raster Bands Result Layer

coh_HH_07Nov2022_21Nov2022@1
coh_HH_100ct2022_07Nov2022@1

Create on-the-fly raster instead of writing laver to dis!

Output layer
Output format | GeoTIFF
Spatial Extent
Use Selected Layer Extent
Xmin | 669902.92361 = Xn
Ymin |9230632.17455 | Yn
Resolution
Columns | 2339 =
Output CRS UTM Zone 48, South / World Geode

V| Add result to project

w Operators
+ = ( min IF cos acos
/ ) max AND sin asin
< > = abs OR tan atan
<= | s= 1= 3 sqrt log10 In
Raster Calculator Expression

I ABS ( "coh_HH_07Nov2022_21Nov2022@1l" - "coh_HH_100ct2022_07Nov2022@1" ) I

B °




12. The results A&/A

e

» Set color scale from 0.25 to max to clearly show affected areas

@ Layer Properties - Coherence changes — Symbology >4
| v Band Rendering

@ information Render type |Singleband pseudocolor ~ |

Band Band 1 (Gray)

"@. Source

Min 025 Max 0.7133795
& symbology » Min / Max Value Settings

cy Interpolation Linear %

Color ramp 2 B
Label unit suffix

Label precision 4 a s
Value Color Label S

025
03102393
03704787
0430718 L
Mode | Continuous M Classes |9 >
BB Attribute Tables
Classify &= || 5} Legend Settings...
T QGISS:
S gehSey Cip out of range values
w Layer Rendering
Blending mode | Normal ~  Reset
Orighiness  e— B 2| contrast e+ B s
Gamma - 1.00 2| | saturation ee— 0 B
Invert colors | Grayscale |off
Styk oK Cancel | aApply | Help

Change the color of the results to make them
easier to view/understand

Set the color scale to display from a minimum
value of 0.25 to the maximum value, in order
to clearly show the affected areas.



13. Compare our results with UNOSAT data. ASE.”A

> Import UNOSAT high-resolution earthquake impact data for comparison

Q “Untitied Project — OGS
Project fdt Yiew Layer Settngs Plugn: Vectgr Baster Web Mesh Progeming Hep

BERE VERELARYL-@Q@LV.-00 0@ 2H0L R BatIOR CERIE-&§ AFFyreips

Damage Assessment in Cianjur district, Jawa Barat Province, BQV.ZAwER O
Indonesia as of 29 November 2022 0

LLLLL

099575

Import earthquake impact data from high-
resolution satellite imagery from UNOSAT
to compare the results.




Exercise A&}A

e

» Create a coherence changes image to detect damage caused by the earthquake event.

g . . . .
DorgaTe M A 4 Sentinel Asia activation:

Earthquake in Palu, Indonesia

« Occurrence Date (UTC): 28
September, 2018

> ALOS-2 data in this link.

https://drive.google.com/drive/folders/1am05cvlyc
5p8hNEI-nn4cANSTm8w7FKa

Shared withme > -- > Earthquake Sulawesi_.. > ALOS-2 ~
Type ~ People ~ Modified ~ || Source ~ |

Name Owner Last n
BB ALOS2236947170-181012 me Jun 1
3 ALOS2228667170-180817 me Jun 1q

B ALOS2214177170-180511 me Jun 1q




THANK YOU

Geoinformatics Center, Asian Institute of Technology
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