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Coverage:

of Acquisition:

Sentinel-1

 Sentinel-1 consists of two satellites: A (2014) and B (2016).
« Each sentinel-1 satellite has a 12 day repeat cycle.

« The two-satellites offer a 6 day exact repeat cycle at the equator in the
interferometric Wide swath mode

Extra Wide Swath " (EW)

Acquired with TOPSAR using 5 sub-
swaths instead of 3, resulting in
lower resolution (20m-x-40m).
ntended for maritime, ice, and polar-
Zone services requiring wide
coverage and short revisit times.

Interferometric Wide
Swath & (IW)

Acquired
with TOPSAR. Default m
over land; 250km swath

width; 5m-x-20m ground

resolution.

ode

nimages/Images/2014/02/

ttps://www.esa.int/spacei
Sentinel-1

Stripmap

(5M)

Used in rare circumstances
to support emergency-
management services, 5m-x-
5m resclution over an 80km
swath width.

Produce type for IW mode:

Wave = (WV)

Default mode over
oceans; VV polarization.
Data acquired in 20km-x-
20km vignettes, 5m-x-
20m resolution, every
100km along the orbit.

Resolution
Acqg. ) Resolution 3 No. Looks
Mode | Froduct Type Class [R"g[;;“‘] [Rng x Azi]
2.7x22
SI_C s i‘{ to 1
3.5x22
I GRD HR 20x22 5x1
MR 88 x 87 22x5




Download Sentinel-1 Data

UAF ALaska SATELLITE FaciLITY

Vertex is the Alaska Satellite Facility's data portal for remotely sensed imagery of the Earth

Vertex  Interactive Tours +  Help~  ASF Homed 4 Earthdata Login -~ Download Queuen Contact

Find

World Map | South Polar

Geospatial ~ Granule  Missions Showing 1 (0 36 of 36 entries

Sentinel-1A EW 2016-08-01 o
S1A_EW_RAW_D...

Path 85, Frame 423, HH+HV

Flight Direction Descending

Absolute Orbit 12407

Data ESA

B Details ¥ Queue |/ Baseline

I

¥ Geographic Region
Option 1: Click on map and move cursor

Option 2: Enter coordinates:

|-98.28,49.71,-98.73.4906.-97.44,49.06,-97,52,49.7.-98.28.49‘
e.g.,-102,37.59,-94,37 -94,39,-102,39,-102,37.59
Counterclockwise, decimal degrees, (long,lat)

Sentinel-1A IW 2016-07-31
S1A_IW_RAW_0...

Path 63, Frame 159, W+VH

Flight Direction Ascending

v Date

l

[] seasonal Search

Absolute Orbit 12385
Start Date (yyyy-mm-dd) Data source ESA
2016-06-01 g @ Details v Queue  / Baseline
Sentinel-1A IW 2016-07-31
End Date (yyyy-mm-dd) S0 __V
2016-08-01 =

Show| 100 v | entries Previous | Next

Imagery ©2018 TerraMetrics | Terms of Use
Number of Frames Add to Queue by Type &

Copyright © 2018 Alasks Satellite Facility UA is an AAEQ employer and educational institution snd prohibits illegal discrimination against any individusl:
Vertex: ASF's Dats Portsl V2.58.00-46 e eX www.alaska.edu/nondiscrimination. \
Phone: (807) 474-5041 1% Contsct

¥ Dataset

I

Select: All | None



Naming Convention for Images Downloaded from ASF
UAF ALASKA SATELLITE FACILITY @

Making remote-sensing data accessible since 1991

Mission Beam mode
S1AorS1B W (Interferometric Wide)
EW (Extra Wide)
S1 to S6 (Stripmap)
WV (Wave)
Resolution class Start date and time Absolute orbit number
F (Full resolution) YYYYMMDD - year, month, day Mission Data Take ID
M (Medium resolution) HHMMSS - hour, minutes, seconds
H (High resolution) / /
Yoo v ¥ Y ¥
MMM_BB 'I'I'I'R LFPP_YYYYMMDDTHHMMSS_YYYYMMDDTHHMMSS_000000_DDDDDD_CCCC
No— S *
Polarization Stop date and time
Pmcesslng laveal SH (Single HH) YYYYMMDD - year, month, day
0,10r2 SV (Single VV) HHMMSS - hour, minutes, seconds
Productclass  pH (Dual HH/HV)
Fmduct type S (SAR standard) DV (Dual VW/VH) Product Unique Identifier
A (Annotation) HH (Partial dual, HH only)
SLC [5lngle Look Complex) HV (Partial dual, HV anly)
GRD (Ground Range Detected) VH (Partial dual, VH only)
OCN (Ocean) VV (Partial dual, VV only)

S1A_IW_GRDH_1SDV_20160731T001533_20160731T001558 012385 0134FE_1CFC.zip



The Sample Data

Dataset:
S1A IW_GRDH 1SDV 20160731T001533 20160731T001558 012385 013
AFE_1CFC.zip

« Acquisition date: July 31, 2016

« Acquisition mode: Interferometric wide (IW)
« Product type: ground range detected (GRD)
« Polarisation: VH+ VV(DV)

* Level-1 Ground Range Detected (GRD) product is multi-looked and
projected to ground range

* Phase information is lost



Q Why Pre-process Data?
»

\/ - Data discovery

Access | Data download

The aim of pre-processing is an \/
Improvement of the image data - Speckle Noise reduction
that suppresses unwanted noise,

Pré- - Geometric correction
distortions and enhances some

Process] - Image enhancement

Image features important for

further applications.

» Classification
\/ * Change detection
Exploit | * Estimate bio- and
geophysical parameters




The Order of Pre-processing

Sentinel-1
(IW, GRDH)

‘ Apply-Orbit-File
A 4

*

Radiometric ) DkN t‘zt Geocoding with SAR Simulation
. . dCKScatter . -
Calibration - . Terrain Correction
onversion

' Digital Elevation Model ] [ SAR image ]

Speckle-Filter *

Simulated SAR image ]

Geometric o , A
. Coregistration of simulated and real SAR intensity image
correction

P v

[ Determination of a geometric transformation model ]

v

[ Geocoded SAR image ]

Pre-processed
SAR data




Radiometric Calibration

Purpose:

 Relative calibration corrects for known variations in radar antenna
and system responses to ensure uniform, repeatable measurements
over time.

« Absolute calibration considers many factors: transmitted power
levels, system biases and the absolute gain of the antenna and
receiver.

* |tis necessary for the comparison of SAR images acquired with
different sensors, or acquired from the same sensor at different
times.



Radiometric Calibration

For all Sentinel level -1 products, the following corrections are applied by
default by the Instrument Processing Facility:

« Raw signal I and Q channel bias correction

« Transmitted power and receiver (instrument) gain and offset corrections
« Antenna elevation beam pattern correction

« Antenna azimuth beam pattern correction

» Range spreading loss compensation

* Inter-channel (phase and gain) correction

» Thermal noise removal.

Don’t worry!



Where Are We?

No matter how fine-tuned a satellite’s orbit may be, the precision location of the
satellite will drift over time
« atmospheric drag and solar winds
 Earth’s imperfect sphere, leading to non-uniform gravitational field
 other massive objects in the solar system perturb their orbits with their
gravity
Because of this drift, periodic adjustments are needed, usually by applying tiny
rocket bursts
As such it is imperative to have the most up-to-date orbital files, that tell us
“where’s the satellite”




Apply the Precise Orbit File

* For Sentinel-1:

During the acquisition the satellite position is recorded by a Global Navigation
Satellite System (GNSS)

To assure a fast delivery of Sentinel-1 products orbit information generated by an on-
board navigation solution are stored within the Sentinel-1 Level-1 products

The orbit positions are later refined by the Copernicus Precise Orbit Determination
(POD) Service

Precise orbit files have less than 5 cm accuracy and are delivered within 20 days after
data acquisitions

The accuracy of restituted orbit files is less than 10 cm. The files are in 3 hours after
data acquisitions

The orbit information of Sentinel 1 can be downloaded from ESA website
(https://gc.sentinell.eo.esa.int/)

SNAP downloads orbit files and stores these into the folder .../auxdata/Orbits/Sentinel-1/
https://www.asf.alaska.edu/sentinel/data/



https://qc.sentinel1.eo.esa.int/
https://www.asf.alaska.edu/sentinel/data/

Converting Digital Numbers (DNs) to Backscatter

« SAR digital numbers (DNs) stored within SAR image products need to be
converted to radar backscatter (c°).

» The conversion is mission-specific.
« Understand what conversion is needed for the products in hand

* The Look Up Tables (LUTSs) provided within the Sentinel-1 Level-1 products can
be used for this conversion.

« SNAP will automatically determine what kind of input product you have and
what conversion needs to be applied based on the product’s metadata
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Open and Display the Image

Initiate the SNAP tool
In the SNAP interface, go to File menu >> open product
Select the folder that contains the Sentinel-1 data

click on the .zip file
(S1A_IW_GRDH_1SDV_20160731T001533 20160731T001558 012385 0134FE_1CFC.zip)

Product Explorer X 1 Pixel Info [Pm] cts

Open the Image E él] S1A_IW_GRDH_1SDV_20160731T001533_20160731T001558_012385_0134FE_1CFC
=3 Metadata
i i
=-&3 Vector Data
i pins
- - - s @ round_control_poin
Double click the file name to view the e
- - - - - - - [ latitude
directories within the file, including: @
incident_angle
- ﬂ eles n_angle
«  Metadata: parameters related to the orbit i
=& Quicklooks
and data B Cuidionk
=& Bands .
- Tie Point Grids: interpolation of e
latitude/longitude, incidence angle, etc N
° Bands: tWO bands for each polarization Navigation - [1] In...‘ColourManipulat._.‘U:'lcenaintyVisu_.. World View X[ -

(intensity and amplitude)

The Worldview window (in the lower, left-
hand side) shows the coverage of the
image opened

Double click Intersity VH

500 Km




Open and Display the Image

E [1] Intensity_VH - [STA_IW_GRDH_1SDV_20160731T001533_20160731T001558_012385_0134FE_1CFC] - [E\documents\SAR _training_Carleton\Data_forTraining\Lecture7A\S1A_IW_GRDH_1SDV_20160731T0015...

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

SBGCeSRBRTERQINOQAAINY
Product Explorer X | Pixel Info Projects | ﬁ [1] Intensity_VH X
Ea—[m_lw_GRDH_ISDV_ZO 160731T001533_20160731T001558_012385_0134FE_1CFC |
Eva Metadata
19 Abstracted_Metadata
7- €9 Original_Product_Metadata
=-&3 Vector Data
i pins
i ground_control_points

[
=8
5
&3 Tie-Point Grids
B latitude

[ longitude

[ incident_angle
5|

elevation_angle

Jabeueyy 1adeq [[f)

i slant_range_time
=-E3 Quicklooks
> Quicklook
&3 Bands
i ﬁ Amplitude_VH
[} Intensity_VH
[ Amplitude_vv
[ Intensity_w

Navigation - [1] In... | Colour Manipulat... | Uncertainty Visu. World View X -_— ’
- | Bt Il | |

JIabeueyy ysely Q‘@]

500 Km

Off Globe
Zoom - Level -




Apply the Precise Orbit File

1) Go to Radar menu >> Apply Orbit File
2) In the Apply Orbit File window:

» |/O Parameters tab:
e source : opened product ; target product : output file: SIA_IW_GRDH_1SDV_20160731_Orb

3 [1] Intensity_VH - S1A_IW_GRDH_1SDV_20160731T001533_20160731T001558_012385_0134FE_1CFC - E\documents\SAR training_Carleton\Data_forTraining\...  — ] X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help ‘& ‘
=N ) GCP it Fi D GCP il D @ o &
% LnEATe K| momn  JoSTHY@BRE .
| Radiometric > =
Product Explorer X i Pixel Info ‘ Projects Speckle Filtering s> [l [ Intensity VH < 127)
=-8 [1] S1AIW_GRDH_ISDV_20160731T001533 201607 Coregistration 5 3
& a Metadata Interferometric > 5
- Abstracted_Metadata R =
(-9 Original_Product_Metadata Polarimetric 2 o
£+ Vector Data Geometric > E
N pins Sentinel-1 TOPS >
“-@ ground_control_points ENVISAT ASAR > % & Apply Orbit File
=& Tie-Point Grids SAR Applications N g .
[ latitude : = File Help
Biomass > =
[ longitude ) A z
[ incdent_angle Soil Moisture > 4
[ elevation_angle SAR Utilities > I/ Parameters  Processing Parameters
[ slant_range_time SAR Wizards > S,
T ! Source Product
&3 Quicklooks Complex to Detected GR z
| @B f“'dd“k Multilooking = Source:
= ands &
L[ Ampltude_VH 2 [1] 51A_Iw_GRDH_1SDV_20160731T001533_20160731T001558_0... -~
= @
[ Intensity_VH v '
< >
; Target Product
Navigation - [1] In...| Colour Manipulat... | Uncertainty Visu... | World View X | —
. Name:

S1A_[W_GRDH_15DV_20180731_Orb

7 S ~ ‘

i \

N

Save as:  BEAM-DIMAP w
Directory:
E:\documents\SAR _training_Carleton'\Data_forTraining\Lecture 74

Open in SMAP

Run Close

Off Globe

XY — | lat -—Llon - Zoom — Level —-



Apply the Precise Orbit File

» Processing Parameters tab:

a) Orbit State Vectors: Sentinel Precise (Auto Download)
b) Check “Do not fail if new orbit file is not found”

The Apply Orbit File tool creates a new image with the precise orbit ephemerides applied

E’ [1] Intensity_VH - STA_IW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_1CFC - E\documents\SAR _training_Carleton\Data_forTraining\... =~ — [m] X

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

aBomies Xl

Product Explorer X l Pixel Info l Projects ‘

=& [1] S1A_IW_GRDH_1SDV_20160731T001533_201607,
&3 Metadata
-§) Abstracted_Metadata
-9 Original_Product_Metadata
=& Vector Data
=N pins
Lo ground_control_points
£-&3 Tie-Point Grids
[ latitude
[ longitude
[ inddent_angle
E elevation_angle
[ slant_range_time
=& Quicklooks
hder Quicklook
5-E&3 Bands
B Amplitude_vH
[ Intensity_VH
<

\Qv Search (Ctrl+])

Apply Orbit File
Radiometric

A R LT TR
@ (1] Intensity_ vH X

Speckle Filtering
Coregistration
Interferometric
Polarimetric
Geometric
Sentinel-1 TOPS
ENVISAT ASAR
SAR Applications
Biomass

Soil Moisture
SAR Utilities

SAR Wizards
Complex to Detected GR
Multilooking

v
>

Navigation - [1] In...§ Colour Manipulat... | Uncertainty Visu...

|Worldview x| —

Off Globe

e,

&

N

S lat -—Llon - Zoom — Level —

Ateaq ! s01d &

Jabeuey Jake [m

J1abeuey sel Qﬁ

& Apply Orbit File
File | Help

10 Parameters Processing Parameters

Orbit State Vectors: | Sentine| Precise {Aute Download)

Polynomial Degree: |3

Do not fail if new orbit file is not found




Apply the Precise Orbit File

The extracted metadata for the raw Sentinel -1 product

a [1] Abstracted_Metadata - [STA_IW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_1CFC] - [E:\documents\SAR_training_Carleton\Data_forTraining\Lecture7A\S1A_IW_GRDH_1SDV_20160731T001533_201607... =~ — X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help iQ‘ Search (Ctrl+1) i
agoniisel XEwmCre ANV RYOeR - N\ IEED
Product Explorer X | Pixelinfo | Projects | — | B [ intensity vH_ x| [1] Abstracted_Metadata X | ¥ Og
=& [1] S1A_IW_GRDH_1SDV_20160731T001533_20160731T001558_012385_0134FE_1CFC Name Value Type Unit Description &/ 2
£-E3 Metadata num_samples_per_line 26034 uint32 samples Raster width | =
@ 0 subset_offset_x 0 uint32 samples X coordinate of UL corner of subset in original i g
(- Original_Product_Metadata s
-3 Vector Data subset_offset_y 0 uint32 samples Y coordinate of UL corner of subset in original i <
- (E3 Tie-Point Grids srar_flag 1 uintd flag SRGR applied
E} @3 Quicklooks avg_scene_height 262.314 floate4 m Average scene height ellipsoid %
(@ Bands map_projection - asdii Map projection applied ‘g
is_terrain_corrected 0 uint8 flag orthorectification applied g
DEM - asdii Digital Elevation Model used %
geo_ref_system = ascii geographic reference system 7 -
lat_pixel_res 99,999 floate4 deg pixel resolution in geocoded image =
lon_pixel_res 99,999 floate4 deg pixel resolution in geocoded image g
slant_range_to_first_pixel 800,463.735 floate4 m Slant range to 1st data sample %
ant_elev_corr_flag 0 uint8 flag Antenna elevation applied é
range_spread_comp_flag 0 uint8 flag range spread compensation applied =
replica_power_corr_flag 0 uint8 flag Replica pulse power correction applied
Navigation | Colour Manipulation | Uncertainty Visualisation | World View X | — ||  abs_calibration_fiag 0 uints flag Product calibrated
¥/ ) ~ ‘ calibration_factor 99,9399 floatb4 dB Calibration constant
04 chirp_power 99,999 floate4 Chirp power
- | Pt \ p X inc_angle_comp_flag 0 uint8 flag incidence angle compensation applied
ref_inc_angle 99,993 floate4 Reference incidence angle
ref_slant_range 99,939 floate4 Reference slant range
ref_slant_range_exp 99,999 floate4 Reference slant range exponent
rescaling_factor 99,999 float64 Rescaling factor
range_sampling_rate 64.345 floate4 MHz Range Sampling Rate
range_bandwidth 56.5 floate4 MHz Bandwidth total in range
azimuth_bandwidth 327 floate4 Hz Bandwidth total in azimuth
multilook_flag 0 uint8 flag Multilook applied
coregistered_stack 0 uint8 flag Coregistration applied
500 Km external_calibration_file asdii Txtamalcalibration file used
—= orbit_state_vector_file - asdii Orbit file used
Off Globe Downloading metadata_version 6.0 &5t AbsMetadata version v
X =N = lat -—-Llon - Zoom - Level —




Apply the Precise Orbit File

The extracted metadata for the raw Sentinel -1 product

H [1] Abstracted_Metadata - [STA_IW_GRDH_150V_20160731_Orb] - [E\documents\SAR_training_Carleton'\Data_forTraining\Lecture7A\STA_IW_GRDH_15DV_20160731_Orb.dim] - SNAP - O X

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

P ONBACTSR KXEmCr oA ANNEY@ R = \ [T

Produc... X |Pixellnfo | Projects | — || [1] Abstracted Metadata X | vOg
B@ [1] 51A_Iw_GRDH_1sDV_20160731_Orb Name Value Type Unit Description ﬁ g
-3 Metadata nurm_samples_per_line 26034 uint32  samples Raster width ~ E
o subset_offset_x 1] uint32 samples X coordinate of UL corner of subset in original im: g
ﬂ Original_Product_Metadata o
0 Processing_Graph subset_offset_y 0 uint32  samples Y coordinate of UL corner of subset in original im: =
(33 vector Data srar_flag 1 uint3 flag SRGR applied
3 TiePoint Grids avg_scene_height 2p2.314 floated m Average scene height ellipsoid %
(3 Bands map_projection - asdi Map projection applied ‘g
is_terrain_corrected 0 uintd flag orthorectification applied g
DEM - asdi Digital Elevation Model used ‘é
geo_ref_system - asdi geographic reference system .
lat_pixel_res 99,999 floate4  deg pixel resolution in geocoded image =
lon_pixel_res 99,999 floate4  deg pixel resolution in geocoded image g
slant_range_to_first_pixel 800,463,735 floaté4 m Slant range to 1st data sample %
ant_elev_corr_flag 0 uintd flag Antenna elevation applied E
range_spread_comp_flag 0 uints flag range spread compensation applied .
replica_power_corr_flag 0 uintd flag Replica pulse power correction applied
Navina...|Cololl--- | UnDel'l---| X | - abs_calbration_flag 0 uintd flag Product calibrated
calibration_factor 99,999 floats4  dB Calibration constant
chirp_power 99,399 floatc4 Chirp power
inc_angle_comp_flag 0 uintd flag inddence angle compensation applied
ref_inc_angle 99,399 floatc4 Reference incidence angle
ref_slant_range 99,999 floats4 Reference slant range
ref_slant_range_exp 99,999 floatc4 Reference slant range exponent
rescaling_factor 99,999 floats4 Rescaling factor
range_sampling_rate 64,345 floaté4  MHz Range Sampling Rate
range_bandwidth 56.5 floats4  MHz Bandwidth total in range
azimuth_bandwidth 327 floatt4  Hz Bandwidth total in azimuth
multiook_flag 0 uints flag Multilook applied
coregistered_stack 0 uints flag Coregistration applied
external_calibration_file - ascii External calibration file used
] orbit_state_vector_file Sonting| Precise 51A_OPER_ALX_POEORE_OPOD_20160819T121558_V201607297225943_20160731T005943.EQF2iy  asdi Orbit file used
Off Globe metadata_version 6.0 asdi AbsMetadata version v

X -y - lat —lon - Zoom — Level —-



Convert Digital Number to Radar Backscatter

1) Go to Radar menu >> Radiometric >> Calibrate
2) In the Calibration window:

« |/O Parameters tab: source : S1A_IW_GRDH_1SDV_ 20160731 Orb
target product : S1A_IW_GRDH_1SDV_20160731_Orb_Cal

a [1] S1A_IW_GRDH_15DV_20160731_Orb - [E\documents\SAR_training_Carleton'\Data_forTraining'Lecture7TA\STA_IW_GRDH_15DV_20160731_Orb.dim] - SNAP

‘ile Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

aB InicsS B’

Apply Orbit File

LENTEYeR s \NEEHD

- [m]

X

Q- Search (Ctrl+)

Radiometric > Calibrate
Rrxhic s (Eelinfoly [Eiovect= — Speckle Filtering ? Radiometric Terrain Flattening ! W
- 1] 51A_IW_GRDH_15DV_20160731_Orb = = =
< DEERN = - == Coregistration 2 Remove Antenna Pattern 2
- B Calihratiom 2
Interferometric S 5-1 Thermal Noise Removal (: A x &
Polarimetric ¥ . g
Geometric > File HE|F} <
Sentinel-1 TOPS ¥
ETHnE Create Calibration LUTTPG 5
> .
LGS IfO Parameters  Processing Parameters =
SAR Applications ¥ H
Biomass ¥ Source Product z
3
Soil Moisture > source: %
SAR Utilities ¥
) [1] 1A _IW_GRDH_15DV_20160731_Crb w
SAR Wizards ¥ Z
Complex te Detected GR z
Multilooking Target Product z
E}
Mame: g

L 600 Km

Off Globe

S1A_IW_GRDH_1SDV_20180731 Orb_Cal

Save as: | BEAM-DIMAP “
Directory:

E:\documents\SAR_training_Carleton\Data_forTraining \Lecture 74

Open in SMAP

X -y -

lat —lon - Zoom — Level —



Convert Digital Number to Radar Backscatter

* Processing Parameters tab: Polarizations :
* select HV and VV; check Output sigma0 band
The resulting output file should be shown in the Product Explorer panel

a [1] S1A_IW_GRDH_15DV_20160731_Orb - [E\documents\SAR_training_Carleton'\Data_forTraining'Lecture7TA\STA_IW_GRDH_15DV_20160731_Orb.dim] - SNAP — O b

‘ile Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help ’W
. . E 5 - S .
A I R XY S L LENOEYe R \NEHED
]
Il
|

| Radiometric | ‘ Calibrate

Radiometric Terrain Flattening

Produc... X | Pixel Info Projects = Speckle Filtering
=W[1] 514 _Tw_GRDH_15DV_20160731_Orh

Coregistration Remove Antenna Pattern

Stf‘l Therriwal Noise R_em?val '(E- Calibration W%

Interferometric

Polarimetric

Geometric
Sentinel-1 TOPS
EMVISAT ASAR
SAR Applications

Biomass

Convert Sigma0 to Gammia0 File Help
Create Calibration LUTTPG

If0 Parameters Processing Parameters

Soil Moisture Polarisations:
SAR Utilities
SAR Wizards

Complex te Detected GR

L Y R N
asbeueyy mhe (I | A npoig G0

Multilooking

JsBeuey sel [y |

Save as complex output
Output sigmal band
[] output gamma0 band
[] output betad band

L 600 Km

Off Globe

X -y - lat —lon - | Zoom — Level —



Convert Digital Number to Radar Backscatter

A snap

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

dBeRELTeXERC P OALINVERD

Product Explorer [ Pixel Info X | Projects

[=| Position

Image-X 12504 pixel
Image-Y 3720|pixel
Longitude 9€°32'30" Widegree
Latitude 45°59'13" N|degree
[ Time:

(=] Bands

Sigma0_VH | 0.02995|intensity
Sigma0_wV | 0.21277|intensity

|E£] Tie-Point Grids

[ Fiags

[[] Snap to selected pin

Navigatio... | Colour M.... | Uncertain.... | World ...

Off Globe

B (21 sigma0_VH X L

Lat

- Lon

= [m]

Zoom - Level —

X

Iabeueyy wie [{f) Aleiqn npoid A

1abeueyyysew Ry |



Back to the Lecture:
SAR Noise Reduction

D




What is Speckle?

» Consider waves incident on a target of
identical but randomly placed scatterers
(for example, blades of grass)

» Each individual scatterer (blade of grass)
within a resolution cell (“pixel”) will return
a vector of constant amplitude BUT
arbitrary phase

Speckle Phenomenon



(vector sum)

Speckle Phenomenon

« The radar adds these responses coherently (amplitude and phase) to a single vector

 Constructive or destructive interference among the backscatter waves of individual
blades of grass within one resolution cell creates speckle

%

Image source: Goodman, 1976.

\A7 ; Imaaginary -

\ Real >

Sum of scatters



Speckle Filtering

Heterogeneous Area

-

Speckle Reduction Details Preservation
(Radiometric Resolution) (Spatial Resolution)




Speckle Filtering

Speckle filtering is not an exact science subjective — image dependent

Therefore, an ideal speckle filter must satisfy to the following specifications:

Speckle Reduction

Edge Sharpness Preservation

Line and Point Target Contrast Preservation
Retention of Mean Values in Homogeneous Regions

Retention of Texture Information

Information source: Quantitative Criteria (J.S. Lee - IGARSS 98)

https://commons.wikimedia.org/wi
ki/File:ThinkingMan_Rodin.jpg

Image source:



What to do?

» Multi-look processing

* Image Filtering

Image source:
https://commons.wikimedia.org/wiki/File:Neutral_density filter_demonstration.jpg



Multi-looking

Multi-looking is usually applied for ground range images by the Instrument
Processing Facility before releasing the products

Sentinel-1 Level-1 GRD products are multi-looking images
1 look in Azimuth and 5 looks in Range

Users have the choice to apply multi-looking processing again in order to
further reduce the speckle.



Multi-looking

Multi-looking processing for intensity images

Averaging intensity (Not complex images) of neighboring pixels
« Good noise smoothing

 Spatial resolution loss - blurring edges - erasing thin lines
» Loss of linear or point features
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Impact of Multi-looking

mean

Distribution of averaged power
for 1, 3, 7 and 16 look radar

images.

Image source:Van der Sanden, 1997
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FIGURE 5. The effect of speckle can be reduced through multi-look
in azimuth and range which also worsens the resolution as seen

in the multi-looked SAR images above. (a) Without multi-look.

(b) 2 X 2 multi-look. (c) 4 X 4 multi-look. (d) 8 < 8 multi-look.

Image source: Moreira et al., 2013



Speckle Filtering

Speckle filtering is therefore a compromise between speckle removal
(radiometric resolution) and details preservation (spatial resolution)

Good speckle removal requires the use of large processing windows

On the contrary, good preservation of the image details like texture is
needed



Age Old Question: What Filter Size?

« There is no simple answer

« Choice depends on the targets (point target, distributed target) and the target size

(for example field sizes)

I
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What is the target?
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Speckle Filtering

— Adaptive Filtering —

Frost

Gamma-map

Multi-temporal

Intensity Driven Adaptive
Neighborhood (IDAN)

Refined Lee

=1 Non-adaptive Filtering L

Lee Sigma

Mean

Median

Mode

New methods are developing
constantly



Non-Adaptive Filters

Commonly used in remote sensing . . . but not for SAR processing

Intensity of each sample in the image is replace by the mean/median/mode
of pixel values in a moving window surrounding the sample

Mean Median Mode

5 /7 4 5 /7 4 5 /7 4

9 18| 6 9 18| 6 9 18| 6

5 5 8 5 5 8 5 5 8

4
555
6

5+7+4+9+8+6+5+5+8 = 57 7

57/9 =6.33 4555,6,78,89 88

9
Mean = 6 Median = 6 Mode = 5



Non-Adaptive Filters

Mean filter

Mean filter: Not an optimal filter for SAR because dark and bright pixels within the filter
window can cancel each other out. However, it produces image blur, loss of details and,
eventually, loss of spatial resolution.
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HV polarization multi-looked unfiltered Mean filter (7 by 7 window size)
image




Non-Adaptive Filters

Median filter: This filter is useful for removing speckle when the noise is less than a half of
the filter window. The median filter is edge preserving, although it may lead to the removing
of small objects from the image.




Radar Adaptive Filters

Adaptive filters are all adaptive as a function of the local coefficient of
variation.

The filters modify the image based on appropriate scene and speckle models
extracted from the local environment of each pixel

Filter Size and Type
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Gamma MAP Filter

Based on the assumption that the (unspeckled) intensity of the underlying
scene is Gamma distributed

The filter minimizes the loss of texture information better than Frost or Lee
filters within gamma distributed scenes

Suitable for a wide range of gamma distributed scenes such as forested areas,
agriculture areas and oceans

The filter preserves pixel value for non-Gamma distributed scenes



Gamma Map Filter

;;;;;

] Kt o .
= 250 N LN et o A
L ! . : ‘ :
1 — 3 .

HV:Fpolar'iza’rion mul’ri-lok«hir" Gamma maP“'" 7 by 7 window size)
Image



Geometric Correction

« The Sentinel-1 GRDH image does not have geographic coordinates. The conversion of images (either
slant or ground range geometry) into a map coordinate system is need for future applications.

« Terrain correction with the use of Digital Elevation Mode (DEM) data correct topographical distortions
like foreshortening, layover or shadowing.

« The Range-Doppler approach is the most appropriate way to perform geometric correction. The method
needs information about the topography (normally provided by a DEM) as well as orbit satellite

information to correct the topographic distortions and derive a precise geolocation for each pixel of the
image.

. SRTM-90 m DEM

Image source: cgiarcsi.community/data/srtm-90m-digital-elevation-database-v4-1/






Filtering an Image

1) Go to Radar menu >> Speckle Filtering >> Single Product Speckle Filter
2) In the Single Product Speckle Filter window:
« 1/O Parameters tab: source : S1A_IW_GRDH_1SDV_20160731_Orb_Cal
target product : S1A_IW_GRDH_1SDV_20160731_Orb_Cal_Sp_kBoxcar7

E’ [2] STA_IW_GRDH_1SDV_20160731_Orb_Cal - [E:\documents\SAR _training_Carleton\Data_forTraining\Lecture7A\S1A_IW_GRDH_1SDV_20160731_Orb_Cal.dim] - SNAP — m] X
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3
Target Product 4
MName:

S1A_IW_GRDH_15DV_20150731_Orb_Cal_Spk_Boxcar?

Save as: BEAM-DIMAP v
Directory:
E:\documents\SAR _training_Carleton\Data_forTraining\Lecture7A

Open in SNAP

Run Cloze

Xol =Yoo= lat -—lon - Zoom - Level -



Filtering an Image

» Processing Parameters tab:
Source bands: sigma0_HV and sigma0_WV

Filter: Boxcar

Filter size: 7 by 7 window

ﬂ [2] STA_IW_GRDH_1SDV_20160731_Orb_Cal - [E:\\documents\SAR _training_Carleton\Data_forTraining\Lecture7A\S1A_IW_GRDH_1SDV_20160731_Orb_Cal.dim] - SNAP

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

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
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Geometric Correction of an image

1. Go to Radar Menu >> Geometric >> Terrain Correction >> Range-Doppler Terrain Correction
2. In the Range-Doppler Terrain Correction window
I/0O Parameters tab: source : SIA_IW_GRDH_1SDV_20160731_Orb_Cal_Sp_kBoxcar?
target product : S1IA_IW_GRDH_1SDV_20160731_Orb_Cal_Spk_TC

E’ [3] STA_IW_GRDH_1SDV_20160731_Orb_Cal_Spk - [E:\documents\SAR_training_Carleton\Data_forTraining\Lecture7A\S1A_IW_GRDH_1SDV_20160731_Orb_Cal_Spk.dim] - SNAP = m} X
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Name:
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Geometric Correction of an

Processing Parameters tab:

Source bands : Sigma_VH and Sigma_VV
DEM: SRTM 3Sec (Auto Download) which requires an internet connection
Resampling Method: Bilinear Interpolation
Pixel Spacing: 10 m
Map Projection: wGss4(DD)

E‘ [3] STA_IW_GRDH_1SDV_20160731_Orb_Cal_Spk - [E\documents\SAR_training_Carleton\Data_forTraining\Lecture7A\S1A_IW_GRDH_1SDV_20160731_Orb_Cal_Spk.dim] - SNAP
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Geometric Correction of an image
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Geometric Correction of an image
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Speckle filtered image geocoded to the WGS 84 reference system, display in Google Earth




Filtering an Image with Difference Window sizes

1. Apply Boxcar filter with 3 different window sizes to a radiometric converted images:
2. Subset an

« SI1A IW_GRDH_1SDV 20160731 Orb_Cal
2. Apply terrain correction using Range Doppler method to the filtered images:

. S1A_IW_GRDH_1SDV 20160731 Orb_Cal_spk3 TC
. S1A_IW_GRDH_1SDV 20160731 Orb_Cal_spk9 TC
. S1A_IW_GRDH_1SDV 20160731 Orb_Cal_spk27 TC



Filtering an Image with Difference Window sizes

Sy - L

'9 by 9 window size 27 by 27 window size
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