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“‘jﬁcoals of the Exercise CahEE {cesa

— Familiarize with ESA SNAP

— Training on Glacier InSAR data Using Differential Interferometry (DInSAR)
— Provide instruction on stey-by-step processing of ALOS1 data

(incl. parameters, tips etc.)

— End-to-End show case 9 SNAP | Sentinels Application Platform

- Done loading modules.
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& Tnput Dataset ST {=esa

— Aset of ERS SLCs

&8 DAT 01.001 &8 DAT 01.001
L ER1_UOH 010823_0001_20071120142548.0RD || ER2_UOH_010824_0001_20071120142729.0RD
E8 LEA 01001 ==,

B8 LEA 01.001

£8 NUL_DAT.001 ==
[ SAR_IMS_1PXESA19960422_043232_00000017G155_00405_24942 0071.E1L0G  EH NUL_DAT.001

'@_ SAR_IMS_1PXESA19960422 043232 00000017G155_00405_ 24942 007LELPDF 5 SAR_IMS_1PXESA19960423_043231_00000017A010_00405_05269_0187.E2.PS
) SAR IMS_1PXESA19960422 043232 000000176155 00405 24942 007LELPS @ e AT 001

£8 VDF_DAT.001

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

srtm_55 06.zip
[stored locally @ C:\Users\#username#\.snap\auxdata\dem\SRTM 3Sec]
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Master SLC Slave SLC
% ‘ 1'
% - Processing Steps \nput Daaset
— Open a pair of ERS SLC Products Coregistration
— Apply INSAR Optimized Coregistration Interferogram
+
Coherence

— Generate Interferogram and Coherence

Remove
Topography

— Apply Topographic Phase Removal

Phase Filter

— Goldstein Phase Filtering

Phase Unwrap

— Phase Unwrapping(SANPHU)

] ) . ] Convert Differential
— Convert Differential Phase to glacier velocity Phase to glacier
velocity
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Part one: Open a pair of ERS SLC products

{8 snaP — O x
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Qr Search (Ctrl+I
= Open Product... ceE ﬁ =Ly @ @ /,;_;_ uui o b Dr <@ [ \E‘k o
Reopen Product > =
CJW Product Library pfa = C)'W
Step1-Open the products:
g
4
Use the Import button in 5
— ) o . EB SNAP - Impart Product * ;
the top toolbar and browse = ] | oo | g
. = ?:;;j:::rs Z Look in: 19960422 ~ =5 B~ §
for the location of the sasemers 0] o oasan cos L VDF DAT Subie. g
ectogbata 2 ALOS 2 CEOS A 3 = &
Cosmo- Skymed ._.__ File size: <1 M ?
products. Select the ERS Bitfe

ERS 1/2 CEOS

1/2 CEOS file from the s loowsee s meco -

RADARSAT-1 CEOS ﬁﬁ
product folder and press R
Import Product.

SENTINEL-1

TerraSAR-X ':_:I

TanDEM-X

W rme [

ey Files of type! |ERS CEOS Products w Cancel

Off Globe
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@, Partone: Open a pair of ERS SLC p¥ducts &%esa

ddddtr¥

Step2-View the product: S

{98 ERS-1_SAR_SLC-ORBIT_24942_DATE_22-APR-1996_04_32_31 - [E:\Dongkemadi glacier\ERS\19960422\VDF_DAT.001] - [Intensity] - SNAP

-
I n the Prod uCtS VI eW Eile Edit VWiew Analysis Layer Vector Raster Optical Radar Tools Window Help

R Y EE L N AT SR T4 ALY 1

-
ou Will see the opened Fadect Beslorsr % pixel Tato = —]
E-8 [1] FRS-1_SAR_SLC-OREIT_24842_DATE_ 22-APR-1996_04_32_31

(3 Metadats

products. Within the 8

product bands, you will i -

find three bands o
containing the real(i) ,
Imaginary(q) and
Intensity .

fawaqry 3anpoag [0

wZeuey aske [

asZemey =y [y

Products View

OFF Globe
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8 ERS-1_SAR_SLC-ORBIT_24942 DATE_ 22-APR-1096_04 32 31 - [EA\Dongkemadi glacier\ERS\19960422\VDF_DAT.001] - SNAP

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

- Ay B ccP gm BBE  Apply Orbit Fil B e
Step3-Coregister the a% é®wscs<se =y oo LA LL R -
Product Bxplorer *| Pizel Info Speckle Filtering [1] Intensity X| |__|E]@ )

-8 [1] FRS-1_SAR_SLC-ORBIT_24942_DATE_ 22-APR-1898

Coregistration

(20 Metadata Coregistration

Images into a stack: = iSu.

- 5 1iePoint Grids Polarimetric

51 TOPS Coregistration »
DEM Assisted Coregistration

L =@ M Geometric

S e I e Ct C ore g i St rat i on S (2] SRS Sk SLO-ORBIT 5068 IATE_25APRAS. g ot ToPs

ASAR WSS

Stack Tools »
Cross InSAR resampling

Feature Extraction

in the Coregistration .

Multilecking

D T T T R I BV

aadmey aaker ([

menu.

xaBewyg zey [y

S00Km |

Select Coregistration S

Off Glohe
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Part two: Coregistering the Data

& Coregistration W
. . ‘ProductSet—Reader | CreateStack Cross—Correlation Warp Trite /
Drag and drop first the subset product. This Pile ne tve rcwisition Ao et -
- . ERS—-1_SAR SIC-0FEIT_249 .. |ERS1. SAR. S5LC 224pr1995 405 24942
will be your master image. Then drag and ERS—2_SAR_SLC—ORBIT 525 [ERS2. SAR SLC__|23Apr1996 15 5269 =
drop the other product. This will be your \ _
slave image.
J F
&
¥
¥
®
2 Products
- - - - @ Help [\:;- Bun
Add products into the Coregistration Dialog
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@ME Part two: Coregistering the Data §7 &iesa

(EER TN ]

& Coregistration x

In the Create Stack tab, the bands
for master image and slave images ’";1 - = .
should already be selected for you ml fore -
based on the order of the products

given in the previous table.

ProductSet—FReader CreateStac]-f Cross—Correlation Warp Write

& Coregistration X
ProductSet—Reader CreateStack Cross—Correlatlon Tarp Frite
I h C _C I = b Number of GCPs: 2000

n t e rOSS Orre atl On ta 1 I:lTest GCPs are on land J’lpp].y Fine Registration for SLCs
Create Stack

Coarze Registration Fine Registration

[JEstimate Initial Cosrse Offset Fine Tindow Tidth: 32 o~

specify the number of Ground
Control Points (GCPs) to use. The e I =

(@ Cross—Ceorrelation based registration

)€«

- @ el |’\> o Row Interpolation Factor: 4 Fine Accuracy in Azimuth: 165 v

g -~ .
GCPs will be used as the center of a : ot rovnelion ks o o e o
Max Tterations: 10 Fine Window oversampling factor: 16

cross correlation window which ot Tolerence: 0.5 | OCoherence bused registration

Use Coherence Sliding Window

Coherence Findow Size: 3

will find the corresponding position Geheeenen el

from the slave image to the master Define the Correlation Windows
@) nep [> Rumn

Image.
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@ME Part two: Coregistering the Data §7 &iesa

o dpd k¥
& Coregistration 4
In the Warp tab, the warp | pemye o otedein faz e :
polynomial order applies a | loimis s e -
linear translation for order sk sl
- & Coregistration X
1. Higher order warps o ], R
should only be used when _ o _
the images have been Specify the Significance Level via the
greatly distorted. RMS Threshold |
I n th e Wr i te tab ) S p e C i fy ERS—.I_SAR_SLC—GRB IT_24942 DATE_ 22-APR-1996_04_32_31_Stack
the output folder and the ————— =
Help [> Run E:\Dongkemadi glacier -
target product name. - e
Specify the output name, format and
folder =
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Part three: Interferogram Formation and Coherence Estimation

The interferogram is formed by cross multiplying the master image with the
complex conjugate of the slave. The amplitude of both images i1s multiplied
while the phase represents the phase difference between the two images.

The interferometric phase variation A@ is then proportional to AR divided by the

transmitted wavelength A. Orbit 2

Orbit 1

3 4R K
=2
_4n(R+AR) =
2 — ;{ E
4tAR
AQ = @2 - @1 =
A
ADVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING COURSE -
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Part three: Interferogram Formatidh Bhd Coherence Estimation
Step4-Form the
Radar Tools Window Help

Interferogram: Select the Apply Orbit File ;, EJ, (Jr} O \lh:':? < N B B
stack and select ~ edemene "

Speckle Filtering » 96/ [B (5] topo_phase_22Apr1996_234pr1996 x | [ [6] Phase_ifg srd 224pr1d
Interferogram Formation Coregistration >

Interferometric * Products ? Interferogram Formation
from the InSAR Products Polarimetric ? Filtering ? Coherence Estimation
menu Geometric ’ Unwrapping 4 Topographic Phase Removal

=2 L sl L ’ InSAR Stack Overview Three-pass Differential InSAR

ASAR WSS ’ Phase to Height

Feature Extraction ¥ ,

Phase to Displacement
SAR Utilities »

Phase to Elevation
Complex to Detected GR

Multilooking

Select Interferogram Formation
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Part three: Interferogram Formation and Coherence Estimation

- & Interferogram Formation > & Interferogram Formation >
In the Interferogram ’ ’
. File Help File Help
formation step we shall | |
;If'r':' Parametersé Processing Parmmeters I/0 Parameters EPrncessing Parametersé

remove the flat—Earth phase. .............................................

Source Product

Subtract flat—earth phase

The ﬂat-Eal'th phase IS the poereepretuet: Degree of “Flat Earth” polimomial 5 "
[3] ERS-1_SAR_SLC—ORBIT 24942 DATE  22-APR-1996 04 32 ... ~ ... ; T ,
hase resent in the lumber of "Flat Earth’ estimation points gpp e
p p . Prod Orbit interpolation degree 3 et
. . . arget Product
|nterfer0metrlc Slgnal due Heme: [+] Include coherence estimation
ERS—1_SAR _SLC-0FBIT_24942 DATE 22-APR-1996 04 32 31 Stack_1fg Square Pixel DIndependent Tindow Sizes
to the Curvatu re Of the i . » Coherence Range Window Size 10
[]Save as: BEAM-DIMAP v
reference surface. Directary: Coherence Azimuth Findor Size 50

E:‘\Dongkemadi glacier

Open in SHAP

Close Close
Interferogram Dialog
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Part three: Interferogram Formation and Coherence Estimation

- [m] x

9 ERS-1_SAR_SLC-ORBIT 24042 DATE_22-APR-1996_04_32_31_Stack - [E\Dongkemadi glacier\ERS-1_SAR_SLC-ORBIT_24942 DATE_22-APR-1996_04 32_31_Stack.dim] - SNAP

| he File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help |Q; Search (Ctrl+I)

B IBRLLALTeRKE oA AT YRR  IEED Interferometric Phase Band

-
I nte rfe rO ram Product Explorer *| Pizel Infe S| [ (1] Tntensity x| (3] 68 x| [ [4] Phose ifg srp 22Apr1996 23Apri9s6 x|
& [1] ERS-1_SAR_SLC-ORBIT_24942_DATE_ 22-APR-1996_04_32_31

g [ ERS—2_SAR SIC—OREIT_5269_DATE_ 23-APR-1996_04_32_31
g [ ERS-1_SAR_SLC—OREIT_ 24942 DATE_ 22-AFR-1998 04 32 31 Stack

p rOd u Ct F1-E3 [4] ERS-1_SAR_SLC-ORBIT_24942_DATE_ 22-APR-1996_04_32_31 Stack_ifsg
(3 Metadata

E Vector Data
3 riePoint Grids

produced will =,

~@ i_ifg srp_22Apri996_234pr1996
@ q ifg srp_22Aprl1996_234pr1998

contain a [ e m
band for the
Interferometri
Cc phase. —

=B

®

a3y e ‘ xedwmmmy Tafe] ) | Axeaqr yaupoag

0ff Glohe

Level — (3
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@mf Part three: Interferogram Formati&h and Coherence Estimation &%esa
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{9 ERS-1_SAR_SLC-ORBIT 24942 DATE_ 22-APR-1996_04_32_31_Stack_ifg - [E\Dongkemadi glacier\ERS-1_SAR_SLC-ORBIT 24042 DATE_ 22-APR-1096_04_32_31_Stack_ifg.dim] - SNAP - O X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help |Q' Search +I) |
S ) ocp apa acP
Th ﬁ%%@%%f’@@%ﬁﬁk’i‘r?@%ﬁ tNvEBEQeR 2 ( MBEHD
e Product Explorer *| Pizel Info S [ (1] Intensity x| B (3] RoE x| [ [4] Phass ifs crp 22pr1996 234nw1996 x| [B] [4] cob 22hpri998 23priSes x =G o
- -El [1] ERS-1_SAR_SLC—ORBIT_24942_DATE_ 22-APR-1998_04_32_31 =
- #-8 [2] ERS—2_SAR_SLO-ORBIT_5269_DATE_ 23-APR-1996_04_32_31 3
=l
I nte rfe ro ram -8 [3] ERS-1_SAR_SLC-ORBIT_24942_DATE_ 22-APR-1996_04_32_31_Stack g
E| & [4] ERS-1_SAR SLO-ORBIT 24942 DATE_ 22-APR-1995_04 32 31 Stack_ifg o
-1 Metadats g
o ta &
pro uct produce o @ i i
23 Bands =
. . B i_ife srp_22apr1996_23pr1996 =
will contain a i Py
i) Intensity ife srp_22Mpr1996 23Apr1996 7
=[] Phase_ifg srp_224pr1996_23Apr1998 g
b d 'I: h [ ok zzAp 1996_03Apz 1996 ]
an or the N »
=
i
[Soterence band ] :
coherence phase :
. g
H
b
Naviestion —— | Colour Meni * | Upcertsintv -~  World View S
Bditor: @ Basic (OSliders (O Table ol |
=
Calour ramg &
derived from sradisnt_srey | g
I
Display rangs
Min: Wax:
0.0 0.51459263¢
Rangs from File Range from Data
# More Optiens @
@
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Step5-Remove
Topographic  Phase:
Select the
Interferogram
product and go to the
Interferometric
Products menu.
Select Topographic
Phase Removal.

ADVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING COURSE

9 ERS-1_SAR_SLC-ORBIT_24942 DATE_22-APR-1996_04 32_31_Stack - [EADongkemadi glacier\ERS-1_SAR_SLC-ORBIT 24942 DATE_ 22-APR-1996_04_32_31_Stack.dim] - SNAP

L\

IEEETY |

Part four: Topographic Phase Removal

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

- a x

[Qr seerch (cel+D)

aBioniteesixt

Product Explorer *| Pixel Info |
& [1] ERS-1_SAR_SLC-OREIT_24942_DATE_ 22-APR—199€

Apply Orbit File
Radiometric
Speckle Filtering

Coregistration

' PoeR:=: « IEED

5 |[1] Intensity x[ﬁ [3] RGB x

=G

[ [4] Phase_ifg srp 228pr1996 23aprisse x

B

- [2] FRS-2_SAR_SLC-ORETT_5269_DATE_ 23-APR-1996_
- [3] ERS—1_SAR_SLC-OREIT_24942_DATE_ 27-APR-199¢

Interferometric

Products 2 Interferogram Formation

o

-8 [4] ERS-1_SAR_SLO-ORBIT_24942_DATE_ 22-KPR-199€
3 Metadata

02 vector Data

03 TiePoint Orids

& Bands

B i_ife srp_204pr1995_23Apr1996

B o ife srp 224pr1996 234pr1996

B 1ntensity ifg srp 22Apr1995 234pr1998
[ Phase_ifg srp_224pr1996_23Apr1996

<@ coh_224pr1996_234pr1996

Polarimetric

Geometric

Sentinel-1 TOPS

ASAR WSS

Feature Extraction

SAR Utilities

Complex to Detected GR
Multilooking

Havigation —- | Colour Manin— | Uncertsinty —- | Torld View

Off Glohe

Filtering »
> Unwrapping »
InSAR Stack Overview

20—25 November 2017 | Yunnan Normal University Kunming, Yunnan Province, PR. China

Coherence Estimation

| Topographic Phase Removal
Three-pass Differential InSAR

Phase to Height

Phase to Displacement

Phase to Elevation

aagwmey zEy () ‘ ey Tade ([ | Awaq ] eupeig "é:)

Level — (3

Zowm —

“Teitl4” S%BEE R E PRSI
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Part four: Topographic Phase Removal

@& Topographic Phase Removal ot & Topographic Phase Removal oy

File Help File Help

I/0 Parameters FProcessing Parsmeters

Source Product Orbit Interpolation Degree: |3

Source product: Digital Elevation Model: SETM 3Sec (Auto Download) W
[4] ERS—1_SAR SLC—OREIT 24942 DATE 22-APE-1996 04 32... -~

Topo Phase Band Name: ACEZ EMin (Auto Download)
ACE30 (Auto Download)
ASTER. 1sec GDEM
GETASSEZ0 (Auto Download)

Name:
P SRTM 1Sec Grid
_SAR_SLC—OREIT 24942 DATE_ 22-APR-1996_04 32 31 Stack ifs dinsar BE
SEIM 15ec HGT (Auto Download)

Eave as: |BEAM-DIMAP b |SRTE 35ec (Auto Download)
External DEM

DIirectory:

Tile Extension [%]
Target Product

E:‘\Dongkemadi glacier

Open in SHAP

Topographic Phase Removal Dialog

Nt

| Bun || Closze Close
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Part four: Topographic Phase Removal

{98 ERS-1_SAR_SLC-ORBIT 24942 DATE_ 22-APR-1996_04 32_31_Stack ifg_dinsar - [E\Dongkemadi glacier\ERS-1_SAR_SLC-ORBIT 24042 DATE_22-APR-1996_04 32 31 Stack_ifg_dinsar.dim] - SNAP — m] ®
File Edit Wiew Analysis Layer Vector Raster Optical Radar Tools Window Help ‘Q‘ Search (Ctrl+I) ‘
> GCP 23 GCP & 2.
AR Aniase XE AT\ vEYeR = « DIEED
Product Explorer *| Pizel Info = 68| B [4] Phase_ifg srp_22Apr1996_23Apr1996 XIW [4] coh_224pr1996_23Apr1996 XIW [5] Phase_ifg_srd_224pr1996_23Apr1996 X|W [5] topo_phase_224pr1996_23Apr1996 X [ =@ :{y
& [1] ERS1_SAR_SLC-OREIT 24942 DATE_ 22-APR-1996_04 32_31 " -
& [2] FRS—2_SAR_SLC-OREIT_5269_DATE_23-APR-1996_04_32_31 3
_ &
& [3] ERS-1_SAR_SLC-OREIT_24942_DATE_ 22-APF-1996_04 32_31 Stack H
. 3
#-53 [4] ERS-1_SAR_SLC—OREIT 24942 DATE_ 22-APR-1996 04 32 31 Stack ifg -
& [5] ERS—1_SAR _SLC-OREIT 24042 DATE_ 22-APF-1996 04 32_31 Stack_ifg dinser g
-2 Metadata E
' El Vector Data
B3 TiePoint Orids =
£ Bands 5
M i ife srd 204pr1998 23Apr1896 2
B o ife =rd 224pr1996 23001996 3
[ Totensity_ifg_srd_22apr1996_23Apr1996 2
Phase ifs srd 228pr1996 234pr1996 L
] topo_phas= 224pr1996 23Apr1996 |
. coh_22hpr1 988 23Apri958 F=]
=
&
=
B
&
]
Navieation —= | Colour Meni~ *| Uncertaintvy == | World View =l
Bditor: @ Basic (O Sliders (O Table by |
BN
Colour ramp: r! &,
| loayg
|
Display range
Min: Mase :
290. 9450874 431. 2003326
Range from File Renge from Data
| hic Phase Ban
% More Optiens @
X =7 —| Lt — Lon - Zoom — Level — (B
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Part four: Topographic Phase Removal

(-

P ERS-1_SAR_SLC-ORBIT 24942 DATE_22-APR-1996 04 32 31 Stack ifg_dinsar - [E\Dongkemadi glacier\ERS-1 SAR_SLC-ORBIT 24942 DATE_22-APR-1996 04 32 31 Stack ifg_dinsar.dim] - SNAP
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

- O X

[Qr search (cerlsD) |

N &CP opo Gee Ao
& § wE AL BB AYNTEQOeR 2 IEHEHD
® D D B D x =H + + +
Product Bxplorer *| Pizel Infs B | . cf [ 4] Phase ife srp 22hpr1996 234pr1996 x| [ [4] coh 22451995 234pr1o96 x |[H] [5] Phese ifs srd 224pr1998 23451995 x | [ (5] topo_phase 22hpr1996 23Apri996 x| EE €3
& [1] ERS-1_SAR SLC-OREIT_24942_DATE_ 22-APR-1996_04_32_31 :: o -
&4 [2] ERS-2_SAR_SLC-ORBIT_5269_DATE_ 23-APR-1996_04_32_31 3
E
S [3] ERS-1_SAR_SLO—ORBIT_24942 TATE_ 22-APR-1996_04_32_31_Stack H
S
f-5l [4] ERS-1_SAR_SLC—OREIT 24942 TATE_ 22-APR-1996 04 32 31 Stack_ifg e
B [5] ERS-1_SAR_SLC-ORBIT 24942 DATE_ 22-APR-1996 04 32 31 Stack_ifz dinsar g
£ Metadata E
23 vector Data
O TiePoint Grids =
=3 Bands 5
B i_ife srd 22pr1998 234pr1996 3
=
B
H
o
2
topo_phase !
B cch 228pr1998 230pr1098 =
=
)
=
g
H
"
s
Navieation —= | Colour Mami~ *| neertainty = | Torld Vies =
Bditor: @ 3Basic (OSliders () Table o T |
N
S %
—
Display rangs
Min Max:
2. 96963102 3. 055692004

Topographic Phase Removz
% More Options @
X — ¥ —|  Lat — Lon — Zoom — Level — (@
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A Part five: Phase Filtering LY & €Sa

Radar Tools Window Help

Step6-Phase Filtering: Select Apply Orbit File T BPY@R = . MEHED
the Interferogram product and Radiometric >
- Speckle Filtering » a B [4] Phase_ifg srp 224pr1996_234pr1996 x | B (4] coh_228pr1995

go to the INSAR Tools menu.
Select Goldstein Phase

Coregistration »

5 Interferometric » Products
Fllterlng. E Polarimetric > Filtering » Spectral Filtering
] Geometric * Unwrapping # Goldstein Phase Filtering

Sentinel-1 TOPS
ASAR WSS

InSAR Stack Overview

Feature Extraction

SAR Utilities
Complex to Detected GR
Multilooking

Select Phase Filtering
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s Part five: Phase Filtering v {cesa

B Goldstein Phase Filtering x 38 Goldstein Phase Filtering >
File Help File Help
Processing Parameters I/0 Parsmeters FProcessing Parameters
5 Product
ekl Adaptive Filter Exponent 1in (0,1]] 0.5
Source product: | .
— FFT Size: 64 w
[5] ERS—1_SAR_SLC—ORBIT 24942 DATE_ 22-APR-1996 04 32... ~
Findow Size: 3 w
Target Product []Use echerence mask
Name: Coherence Threshold im [0,1]: 0.2
{ SLO-ORETT 24942 DATE 22-APF—1996_04 32 31 Stack_ife dinsar flt
[] Save as: BEAM-DIMAP "
DIirectory:

E:‘\Dongkemadi glacier

Open in SHAP

Close Close

Phase Filtering Dialog
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Part five: Phase Filtering tanua %

9 ERS-1_SAR_SLC-ORBIT 24942 DATE_22-APR-1996_04_32_31_Stack ifg_dinsar_flt - [EADongkemadi glacier\ERS-1_SAR_SLC-ORBIT_24942 DATE_ 22-APR-1996_04 32_31_Stack ifg_dinsar fltdim] - SNAP - o x

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help |Q' Search (Ctrl+I) |
B IREATR KT r8asTwvRoOR:  NEED

Product Explorer *| Pixel Infa = | ... 96/ [ [5] tops_phase 224pr1996 23Anr1996 x| B [6] Fhace ife srd 224prl996 23Aprl996 x |Q [6] topo_phase 224pr1996_23Apri996 x] HEE g
-8 [1] ERS-1 SAR SLC—ORBIT 24942 DATE  22-APR-1996 04 32 31 ! i ” :

& [2] ERS-2_SAR_SLO-ORBIT_5269_DATE_ 23-APR-1996_04_32_31

& [3] ERS-1_SAR SLC-OREIT 24942 DATE_ 22-APR-1996 04 32 31 Stack

& [4] ERS-1_SAR_SLO-ORBIT_24947_DATE_ 22-APR-1996_04_32_31_Stack_ifg

#-5 [5] ERS-1_SAR SLC-OREIT 24942 DATE_ 22-APR-1996 04 32 31 Stack ifg dinsar
=& [6] ERS-1_SAR_SLC-ORBIT_24942_DATE_ 22-APR-1996_04_32_31_Stack_ifg dinsar_flt
i1 Metadata

@3 vector Data

0 Tie-Peint Grids

EHE Bands

B i ife srd 22pr1996 23Apr1996
q_ifg_srd_22Apr1996_23Apr1596

Arexqr yomperg 'é)

aedwmy 12dw ([

topo_phase 22Apr1996 23Apr1996
coh_22Apr1996_23Apr 1996

xRy [=ni

Havieation ——=  Colour Mani-= *| Uncertaintv == | World View

Editor: (® Basic () Sliders (O Table

Colowr ramp:

£ Bu
iz

unnamed

[ N

Display range
Min: Ma:
—2.9329003% 2.937497078

Range from File Range from Data

Filtered Phase Band

A More Options @

X — ¥ — Lat — Lon — Zoom — Level — (@
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Part six: Phase Unwrapping TakEr

St@p?-EXport to Radar Tools Window Help
Snaphu:  Export SR ' DY@ IDEHED

Radiometric

the filtered Speckle Filtering
flattened Coregistration

. Interferometric
interferogram  to Polarimetric
SNAPHU. Geometric

Sentinel-1 TOPS
ASAR WSS

ﬁ@ [5] topo_phase_22Apr1996 23Apri996 = | ﬁ [6] Phase_1

Products
Filtering ¥

Unwrapping # Snaphu Export

InSAR Stack Overview Snaphu Import

Feature Extraction

CAR Utilities

L

Complex to Detected GR
Multilooking

Export to Snaphu
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Part six: Phase Unwrapping

L\

(EER TN ]

Select DEFO for deformation mapping.

{cesa

&= Snaphu Export
Resd] Snaphubxport
Source Produet

HName:

Data Format:

Any Format

@ Help

[6] ERS—1_SAR_SLC-ORBIT_24942_DATE_ 22-APR-1996_04_32_31_Stack_ifg dinsar_flt

[:} Run

X & Snaphu Export

Read SnaphuExport

Target folder:
Statistical—cost mode:
Initial method:

Mumber of Tile Rows:

Mumber of Processors:
Row Overlap:
Column Overlap:

Tile Cost Threshold:

E:\longkemad: gl

acl er\snaphul

Mumber of Tile Columns:

| DEFO
MCF

@ Help

Snaphu Export

ADVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING COURSE

20—25 November 2017 | Yunnan Normal University Kunming, Yunnan Province, PR. China

“RoitEia”

=2 Bt i IRk I P 5| B

2017E1MB208—118258 Z=mIfeXxs, FE, B




(@ \V s
A Part seven: Unwrapping with SNAPH ik » # d-esa

Snaphu is available for Linux only. Linux users simply need to install the
software package by

apt-get install snaphu
Windows users can download a Linux VMWare virtual machine and use it to
unwrap the phase.
http://sourceforge.net/projects/s1tbx/files/snaphu_vm/SAR%20Mint%2064.zip/
download
The free VMWare Workstation Player can be downloaded from
https://my.vmware.com/web/vmware/downloads

Open the VMware player and browse for the virtual machine.
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) . Player(P) ~ | » =~ i
Part seven: Unwrapping with SNAPHU
€3 ==

E';.lq Mint 64

Mint 64

T 25N

BiEZR S Hi Linux 2.6.x FRE 64 I
ks : Workstation 8.0 B34
RAM: 2 GB

Edit Virtual Machine Settings | b o
S sEsnnieso)

“Teitl4” SR R E PR B
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Virtual Machine Settings . . s a» ﬁ Virtual Machine Settings &

Increase the memory to suit = === o= ] o

Device Summary Memory Settings Summary

m D 1 ‘Memory 4GB Specify the amount of memory allocated to this virtual =l General Mint 64 A Shared folders expose your files to programs in the
yo u r CO p u e r- e pe n I n g machine. The memory size must be a multiple of 4 MB. ‘ . virtual machine. This may put your computer and

[ Processors 2 P Powier your data at risk. Only enable shared folders if you

Folder sharing

S Hard Disk (SCSI) 10 GB V' Shared Folders  Disabled trust the virtual machine with your data.

O n th e S I Ze Of yo u r I mag es ) CD/DVD (IDE) Auto detect Memory for this virtual machine: 4096 = mp & vMware Tools Time sync off <
] k= Floppy Auto detect & Unity
T Network Adapter  NAT 64 GB & Autologin Net supportad @) Aways enabled
you may need at least 8GB. @ uss Contoler  Preset 2 | < Enabled ur s pover oo sipend
& Sound Card Auto detect 16 GB

=i Printer Present B Maximum recommended memaory Folders

Under the options tabs, add = %o e taly ey

occur beyond this size.) .
2GB vmshare C:\VM\vmshare V)

a shared folder. Select

512 MB
< @ Recommended memory
256 MB

‘Always Enable’.

64 MB
32 MB g
16 MB
B MB
4 MB

O Guest 05 recommended minimum
32 MB

i

& add... |

[ ok ][ cancel Help [ ok [ cancel | Help

Increase Memory Enable a Shared Folder
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Part seven: Unwrapping with SNAPHU

Player(P) = A Iﬂl i & <3

| WIS | lveci

Login: sar

Password: sarO1
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Go to the data folder in /mnt/hgfs/ and open the snaphu.conf file.
cd /mnt/hgfs/vmshare/data/target_snaphu/

gedit snaphu.conf

snaphu.conf (/mnt/hgfs/ERS-1_SAR_SLC-ORBIT 24942 DATE 22-APR-1996 04 32 31 Stack ifg dinsz — + X

File Edit View Go Help File Edit View Search Jools Documents Help

-« 4 @ [[E/mnt/hgfs/ERS-1_SAR_SLC-ORBIT 24942 DATE_ 22-APR-1996_04_32 31 _¢9) |

DEVICES

| File System
=

e

fr—
S—

e

Ao -'0 & ¥ 0 QQ

|=| snaphu.conf 3%

# CONFIG FOR SNAPHU

# ________________________________________________________________
Floppy Disk snaphu_tiles 300 coh_22Apr1996_2 coh_22Apr1996_2 . .45,
H ! e e Sl e s § Created by SNAP software on: 21:45:13 19/10/2017
.hd i
PLACES H-ner H-mg # Command to call snaphu:
#
‘ sar m @
E] Desktop —-—
% Tash Phase ifg_srd_22A Phase_ifg_srd_22A #########’f###############
Uy pr1996_23Aprl99 prl996_23Aprl99 # Unwrapping parameters #
NETWORK 6.snaphu.hdr 6.snaphu.img s
JE Browse Network ABC fr— STATCOSTMODE DEFO
INITMETHOD MCF
— — . VERBOSE TRUE
snaphu.log UnwPhase_ifg_srd UnwPhask_ifg_srd
22Apr1996 23A  22Apr149s 23A
pr1996.snaphu.h  pr1996.shaphu.i ###############
dr m # Input files #
e
CORRFILE coh 22Apr1996 23Aprl996.snaphu.img
"snaphu.conf" (1.8 kB) plain text document Plain Text ¥ Tab Width: 8 ¥ Ln 7, Col B0 INS
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Part seven: Unwrapping with SNAPHU

Copy the snaphu command and paste it into the command terminal and then run it.

snaphu -f snaphu.conf Phase ifg_srd 22Apr1996 23Apr1996.snaphu.img 4903

Terminal - + X
sar@Mint64 -~ § cd /mnt/hgfs/ERS-1 SAR SLC-ORBIT 24942 DATE 22-APR-1996 04 32 31
Stack ifg dinsar fLt/ |
sar@Mint64 /mnit/hgfs/ERS-1_SAR SLC-ORBIT 24942 DATE_22-APR-1996 @
1fg dinsar_flt $ snaphu -f snaphu.conf Phase ifg_srd 22Apr1996 23Aprl996.snaphu.

RE_71 SAR SIC-0OREBIT A AT AT ADD _TaQas 'I-'-j,- - 3 27 £

img 49038

ADVANCED LAND REMOTE SENSING INTERNATIONA
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Part seven: Unwrapping with SNAPHU

SNAPHU uses an iterative
optimization procedure; its
execution time depends on the
difficulty of the interferogram.
Unwrapping can use a lot of
memory. If the unwrapping fails due
to there being not enough memory,
you could create a subset of your
area of interest and try with
SNAPHU again.

Terminal
Unwrapping tile at row 9, column 7 (pid 3434)
Unwrapping tile at row 9, column 8 (pid 3436)
Unwrapping tile at row 9, column 9 (pid 3438)
Assembling tiles
Running optimizer for secondary network
Flow increment: 1 (Total improvements: @)

765 incremental costs clipped to avoid overflow (0.801%)
Treesize: 402188 Pivots: 3312980 Improvements: 39896
Flow increment: 2 (Total improvements: 39898)

145 incremental costs clipped to avoid overflow (8.800%
Improvements:
Flow increment: 3 (Total improvements: 39896)

144 incremental costs clipped to avoid overflow (0.800%
Improvements:
Flow increment: 4 (Total improvements: 39896)

144 incremental costs clipped to avoid overflow (0.800%
Improvements:

Treesize: 482188 Pivots: 53

Treesize: 482188 Pivots: 1

Treesize: 402188 Pivots: @
Integrating secondary flows

Output written to file UnwPhase ifg srd 22Apr1996 23Aprl1996.snaphu.img

Program snaphu done
Elapsed processor time:
Elapsed wall clock time:
sar@Mint64

43:32.16
]

3:
0:58:48

Plain Text ¥ Tab Width: & ¥ Ln 7, Col 80 INS
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Part eight: Import Snaphu Umwrapped Phase

38 SNAP - Open Product >

Lock in: ERS—1_SAR_SLC-ORBIT_24942_DATE_ 22-APR-1996_04_32_31 Stack_ifg dinsar_flt v £5 B~

Step8-Open  the

snaphu_tiles 3000

U nwrapped phase :__J || coh 22Apr1996 23Apr1996.snaphuhdr
. eyl A |2] coh 22Apr1996 23Apr1996.snaphu
hdr fl Ie | | Phase ifg srd 22Apr1996 23Apr1996.snaphu.hdr

|| Phase ifg srd 22Apr1996 23Apr1996.snaphu
. | | snaphu.conf

=K =] snaphu

B UnwPhase ifg srd 22Apr1996 23Apr1996.snaphu.hdr

= |2] UnwPhase ifg_srd 22Apr1996 23Apr1996.snaphu
M

&

R B

L!‘ File name: UnwPhasze_ifg srd 224pr1996_23Apr1996. snaphu. hdr

pdsE Files of type: |pll Files V Cancel

Open Unwrapped Phase Dialog
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Part eight: Import Shnaphu Umwrapped Phase

Step9-Import the Unwrapped phase:

Select Snaphu

Import from the

interferometric menu

ADVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING COURSE

Radar Tools Window Help

Apply Orbit File
Radiometric
Speckle Filtering
Coregistration
Interferometric
Polarimetric
Geometric
Sentinel-1 TOPS
ASAR WSS
Feature Extraction

SAR Utilities

Complex to Detected GR

Multilooking

20—25 November 2017 | Yunnan Normal University Kunming, Yunnan Province, PR. China

de 2 =

{cesa

Products

Filtering

Unwrapping

InSAR Stack Overview

Import Unwrapped Phase Dialog

Snaphu Export
Snaphu Import
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2017E1MB208—118258 Z=mIfeXxs, FE, B




& &
‘scj P t . ht *f.irXJ;g %esa
art eight:

Select the wrapped phase in the read phase tab.

Select the unwrapped phase product in the read unwrapped Dhase tab.

& Snaphu Import & Snaphu Import X
359; 2-Read~Unsrapped-Fhase 3—Snaphulmport 4-Frite 1-Read—Phase 2~Read-Unwrapped-Fhase 3—S8naphulmport 4-—Frite
ik Source Product
Name: Hame -
[1] ERS-1_SAR_SLC—OFBIT_24842 DATE  22-APR-1996_04_32_31 Stack_ifg dinsar flt .. [2] UnwPhase_ifg srd 224pri996_23Apri996. snaphu w -
Data Format: Any Format Data Format: Any Format
@ Help D> Fun @ Help I:} Fun

Snaphu Import Dialog
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Part eight:

mport Snaphu Umwrapped Phase

& Snaphu Import X & Snaphu Import

1-Read-Phase 2-Read-Unwrapped-Fhase 3—Snaphulmpert 4—frite 1-Read-Phase 2-Read—Unsrapped—Phase 3—Snaphulmpert 4 Frite

: g ; 1 Target Product
I:li:lo W0T szave Wrapped interferogram in the target product E

HName:
ERS-1_SAR_SLC—OFBIT_245942 DATE_ 22-APR—19896_04_32_31_Stack_ifz dinsar_flt_unsrapping
Save as: BEAM-TITMAP -

Directory:

E:\Dongkemadi glacier

Open in SIAF

@ ||

Computing raster data. ..
@ Help [;’ Fun I

Cancel

Snaphu Import Dialog
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Part eight: Umwrapped Phase *“*****

{7 ERS-1_SAR SLC-ORBIT 24942 DATE_22-APR-1996 04 32 31 Stack ifg_dinsar_flt_unwrapping - [E\Dongkemadi glacier\ERS-1_SAR_SLC-ORBIT 24942 DATE_22-APR-1996 04 32 31 Stack ifg_dinsar_fit unwrapping.dim] - SNAP

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help [ sesrch (cerler) ]

B ARBATRRE rBAASSYEYO RS \ UEEE

Product Explorer *| Pizel Infa El || [ (2] Uns_Phase_ifz 224pr1998_23Apr1996 * | e
(7 B (1] ERS-1_SAR_SLC-ORBIT_24942 DATE_ 22-APR-1998_04_32_31 Stack_ifg dinsar_flt

B [2] UmPhase ifg ord 22Apr1996 23Apr1996. snaphn

-6 [3] ERS-1_SAR SLC-ORBTT 24842 DATE 22 APR-1896 D4 32 31 Stack ifg dinsar flt umrrapping

Process and display e
the output unwrapped -

B o ife srd 2oapri98_23sprisee

] o

phase s
! opo_

22
|ER nr_Phase_ifs 22apr1996_234pr1996

ifg srd 22Apr1996_23Apr1996
srd_024pr1996_23Apr1996
_22hpr1996_23hprl996

aadwwey xake] () | Axeaqy] genporg 'éD_

L]

aeBewEy

Unwrapped Phase

| Naviestion — [3] Unw P~ | Colour Msnisulation — - | Uncertsimty Visualisat- | Torld View

500 Km

S - o

OFf Globe
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Part nine: Convert the Differential phase to glacier velocity

Using the ENVI bandmath tools to process

Ay, = —477[Ar = —%”v,m
V = — ﬂ“m¢disp
| 47 At
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Part nine: Convert the Differential phase to glacier velocity

8 Band Maths x
Target product:
Raster Dptical Radar Tools Window HE||EI [10] subset 1 of ERS—2 SAR SLC-OREIT 5269 DATE  23-APR-1996 04 32 31 Stack 1fe dinssr flt wem

Name: ".'IElu:u:i tv_glacier

Band Maths... l , -
Tescription:
Tnit:
Spectral wavelength: 0.0
[«] Virtual (save expression only, don’ t store data)
[“] Replace Wall and infinity results by Mamn
DGEnEr&tE &EEDCiEtEd mcert&int}' ba.'ﬂd

Geometric Dperatinns ¥ Band maths expression:

DEM Tools 3 (2. 3% Unw_Phase_ifg 23Apr1996 22A4pr1996 /{4 PI#l)

Masks »

Data Conversion * Load. .. Save. .. —__,.-—-' | Edit Expression. ..

Image Analysis »

E}:pclr‘t > Cancel Help

ADVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING COURSE “Tertkl4” S4BT E R E RRLE ) HE

20—25 November 2017 | Yunnan Normal University Kunming, Yunnan Province, PR. China 20176118208—118250 =@EIFEA%, $PE, BB




S v d:=esa

(EER TN ]

Part nine: Convert the Differential phase to glacier velocity

E Band Maths Expression Editor >
Product: | [10] subset_1_of ERS—2 SAR_SLC-ORBIT_5269_DATE_ 23-APR—-1996 04 32 31 Stack ifg dinssr flt_usm W
Data sources: Expression:
iifg_srd_23Apr1336_22Apr1955 @+ @ (2.3 Unw_Phase_ifg_23Apr1996_22Apr1996 4+ F'I*'1|}
q_ifg_srd_Z23Apr1996_22Apr1996 @-@
Intensity_ifg_srd_23Apr1998 22Apri1906
Phase ifg_srd_23Apri996 224pri996 e'a
topo_phase Z23Apr1996 22Apri1996 @ /@
coh_23Apr1996_22Apr1906 (@)
Unw_Phaze_ifg_23Apr1996 22Apr1996
Constants... L
Show bands Operators... A
|:| Sho macke Functions... e

[ ] Shew tie—point grids

Show single flags

0K Canecel Help

Band Maths Expression Editor Dialog
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Part nine: Convert the Differential phase to glacier velocity

[ ERS-1 SAR SLC-ORBIT 24942 DATE 22-APR-1996 04 32 31 Stack ifg dinsar flt unwrapping - [E:\Dongkemadi glacier\ERS-1 SAR SLC-ORBIT 24042 DATE 22-APR-1996 04 32 31 Stack ifg dinsar flt unwrapping.dim] - SNAP

le Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
ZuELACeNEroAAT vRYORE  NS@ED

’roduct EXﬁlnrnr *| Pixel Info E| . .8 [10] Unz_Phase_ifg 23Apr1996 224pr1998 x [10] Veloeit acier X [11] voleeit acier (2) = [11] topo_phasze 224pr1996 23Apr1998 x [12] Phase_ifg srp 22Apr1996 234
5] subset_1_of ERS-2_SAR SLC-OFEIT 5269 DATE_ 23-AFR-1996_04 32 31 Stack ~ a - —— — ]Q el |m L @ L = = IQ S =
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