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Geocoding Sentinel-1 GRD Products using QGIS 3.X
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A) Background

Sentinel-1 Ground-Range Detected (GRD) products are available for download from
ASF’s Vertex data portal. These Level-1 GRD products are georeferenced to
geographic coordinates using the Earth ellipsoid WGS84, but are still in SAR geometry.

By following this data recipe, users will learn how to geocode Sentinel-1 GRD products
in QGIS 3.X using the Warp (Reproject) tool. QGIS version 3.4.10 is the current long
term release, and while the basic approach is still the same in QGIS 3.X, the interface is
slightly different. For instructions specific to QGIS 2.18, refer to ASF’s Geocoding
Sentinel-1 GRD Products using QGIS 2.18 Data Recipe.
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Why Geocode?

Once extracted from their zip file, GRD products downloaded from Vertex can be
viewed directly in QGIS without any additional steps. The georeferenced TIFF files
include the information necessary to allow most GIS software platforms to project the
data layers on the fly to match the other layers in your GIS, so you can easily visualize
the data without additional effort. If you are visualizing the images outside of a GIS
platform, however, the images may appear reversed or rotated. To display the images
as you would expect to see them, the image must be transformed from its SAR
geometry into a map projection. When working with SAR data, this process is called
“Geocoding”.

Geocoding the imagery will ensure not only that the image displays at the correct
location on the Earth’s surface in any given application, but that the image will also
display as expected when it is viewed outside of a spatially-enabled framework (i.e.
north is up, features are not stretched or reversed in unexpected ways).

Even when working within a GIS, if you want to go beyond simply visualizing the data
and perform analysis or geoprocessing functions using the GRD granule, it should be
geocoded to a map projection first. In QGIS, this can be accomplished by using the
Warp (Reproject) tool. If you would prefer to use GDAL or ArcGIS to geocode, refer to
ASF’s Data Recipes for geocoding products within each of these platforms.

Note that using different geocoding techniques/options may result in slight differences in
the output products. While one output is not necessarily “better” than another, it is a
good idea to be consistent when generating geocoded products for use in the same
project, especially if you are looking at imagery from one location through time. The best
approach to use will vary depending on the goals and preferences of the user.

Geocoding is NOT Terrain Correction

It is important to understand that this geocoding process does not involve terrain
correction. To match the imagery to actual features on the earth and correct for
distortions caused by the side-looking geometry of SAR data, you must perform
Radiometric Terrain Correction (RTC) instead. This will be particularly important in
areas of high topographic variation. Refer to ASF’s Data Recipes on Radiometric
Terrain Correction, or contact ASF to learn about other resources for RTC processing.
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B) Materials List

e QGIS3.X

Note to Mac users: Take care with your QGIS installation. Consult the README file in
the installation folder to ensure that you install the required software packages in the
correct order and add any additional paths required to access GDAL-based tools.

e Earthdata login credentials

o If you do not already have an Earthdata account, visit the Earthdata
website to register for this free service

e Download Sentinel-1 GRD data using Vertex

o You may use this Sample Granule

o When downloading from Vertex, you must either already be logged in to
Earthdata, or you will be prompted to enter your Earthdata Login
username and password before the download will begin.

C) Viewing Sentinel-1 Data in QGIS 3.X

The default settings for viewing rasters in QGIS 3.X are different than in QGIS 2.18,
where the default settings are fairly reasonable for displaying the Sentinel-1 imagery
without having to make any changes.

When you view a GRD granule or a projected product in QGIS 3.X, it may appear very
dark, or even completely black. In most cases, you will need to adjust the stretch
settings in order to see features. An approach that works fairly well for most of the
GRDs, regardless of the range of pixel values, is to set the Min/Max stretch to two mean
standard deviations.

1. Add your image to your QGIS CaNVAS |G e ropster ctomaiw aormmsrces s omonoss s oazes . 7

2. Right-click on the layer in the Layers e "
panel and select Properties

3. Click the Symbology tab of the
Properties, and select Stretch to
MinMax from the dropdown menu for
Contrast enhancement (Figure 1)

4. Expand the Min/max values settings,
and select the Mean +/- standard
deviation option (the default number
is 2, which works well in most cases)

Grayband  |Band 1 (Gray)
Color gradient Black to white
Min |-73.7952 Max [353.723

Statistics extent Whole raster

Accuracy Estimate (faster)

Style  + oK Cancel Apply Help

Figure 1: Setting Stretch to 2 Mean SDs
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5. Click the Apply button to view how the settings will impact the image. Adjust the
number of SDs if necessary, or the Min and Max values as desired. Click OK.

D) Geocoding Steps

1. Download Sentinel-1 data

Using Vertex, download a Sentinel-1 GRD granule. Note that you will need to log in
with your Earthdata credentials before the download will begin. The download will be
served as a .zip file.

2. Extract the .tif file with the data of interest

Within the downloaded zip file is a base directory with the name of the granule
followed by a “.SAFE” extension. This SAFE structure contains a number of
directories and files, and the data images are saved as georeferenced .tiff files in the
folder named “measurement” (Figure 2).

¥ = Compressed Folder Tools  STA_IW_GRDH_15DV_20170819T001029_20170819T001054_017985_01E2E8_F302.SAFE - O X
Home Share View Extract o
<« v P « STA L. > STA IW_GRDH_1SDV_20170819T001029 20170819T001054 017985 01E2E8 F302.SAFE > v U Search S1A_IW_GRDH_1SDV_2.. P
Name Type
annotation File folder
File folder
preview File folder
support File folder
|| manifest.safe SAFE File
[#] S1A_IW_GRDH_1SDV_ 20170813 001029 _20170819T001054 017985 01E2E8_F302.SAFE-report-20170819T064432.pdf Adobe Acrobat Document
< | measurement Compressed Folder Tools - O X E
Home Share View Extract o
Figure 2: Contents of the GRD v « S1A_IW G.. » measurement v U | Search measurement P
SAFE file, within the ~
. . Name Type
downloaded .zip file w
& s1a-iw-grd-vh-20170819t001029-20170819t001054-017985-01e2e8-002. tiff TIFF image
= s1a-iw-grd-vv-20170819t001029-20170819t001054-017985-01e2e8-001.1iff TIFF image

The image we are interested in for this tutorial is the co-polarized GRD:
s1b-iw-grd-vv-20181209t004115-20181209t004140-013958-019e67-001..tiff

Note: If you are using a different granule than the sample provided, the co-pol image
may be labeled hh instead of vv.

Use your preferred method to extract the desired file from the zipped folder, or see
below for suggestions:
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Unzipping with OS X or Linux

Using the Unix unzip utility (also works with OS X) in the command terminal, you can
extract just the file you want from the downloaded zip folder (filename.zip) with a
command like this:

unzip <filename.zip> */measurement/*vv*.tiff

This will extract just the VV polarized image from this zip package. If you know which
file you want, this is usually much faster than extracting the whole zip file.

Unzipping with Windows 10

If you unzip the entire folder with the standard Windows zip utility, there is a good
chance that you will exceed the number of characters allowed in a Windows directory
path. You can either save the zipped contents to a different folder, or you can just
extract the single file as follows:

1. Double-click the .zip file in your Downloads folder, double-click the .SAFE file,
double-click the measurement folder, and highlight the desired .tiff file

2. Under the Compressed Folder Tools menu (which appears when you browse into
a zip file), click the Extract button, and select the “Extract To...” option (Figure 3)

v < | Compressed Folder Tools | Mmeasurement - O bes
Home Share View Extract o
&« v A « S1A_IW_GRDH_1S... » measurement v U  Search measurement P
e
Name Type

s1a-iw-grd-vh-20170819t001029-20170819t001054-017985-01e2e8-002.tiff  TIFF image
s1a-iw-grd-vv-20170819t001029-20170819t001054-017985-01e2e8-001.tiff  TIFF image

<

>
2 items 1 item selected 821 MB =

Figure 3: The compressed Folder Tools menu within the measurement folder in the downloaded .zip file

3. Select one of the recent folders (which will start the extraction immediately), or
use the “Choose Location” option at the bottom of the dialog box to navigate to
the desired extraction location and click the “Copy” button to extract the file

4. The single .tiff file will be extracted from the zipped folder structure.

You may also wish to download the 7-Zip File Manager for a more flexible zip utility than
the standard Windows zip utility, especially if using an OS older than Windows 10.
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3. Project your product
If you chose to download a granule other than

1. Open QGIS 3.X the sample granule:

You will need to determine an appropriate projection
2. Inthe QGIS Raster menu, select system to use for that location. If you have other imagery

Projections — Warp (Reproject) for that same area of interest, you may want to set the
Target CRS (Step Cin Figure 4) of your warped granule to
3. Enter the parameters into the match the projection system of your other imagery.
di&'Og window (Figure 4) If you add an image that’s already in the desired

projection to the QGIS Layers Panel first, the projection of
that image will be registered as the Project CRS and be
included in the dropdown list of recently-used projections.

é;Q Warp (Reproject) ? X

Parameters Log
Input layer
'Sla*iW*grd*WQUl?UE19t001029*20170519t0010547017985*018298*001[EPSG:4326] Nl =

C source CRS [optional]
EPSG:4326 - WGS 84
d Target CRS
Project CRS: EPSG:32615 - WGS 84 / UTM zone 15N

eResampIing method to use

¢ Bilinear / NOTE: This option is only appropriate =
Nodata value for output bands [optional] when warping to a Prnjprtpd Coordinate
[0.000000 - e - : . fant &

. ) ) e SYSLEITT T Uunits suct as meters or reet.

Output file resolution in target georeferenced units [optional] y . .

g‘m 400000 In our example, we use UTM, which is 3
P FU——— in meters. Leave blank if warping to a
T Geographic Coordinate System.

‘G:/ijects,’l&1OfRecipeTesting/Geucude,’sla-iw-grd-W-ZO170819t001029-20170819t001054-017985-01329&-0017QGISB.tif
Open output file after running algorithm
GDAL/OGR console call

gdalwarp -s_srs EPSG:4326 -t_srs EPSG:32615 -dstnodata 0.0 -tr 10.0 10.0 -r bilinear -ot Float32 -of GTiff G:/Projects/1810_RecipeTesting/Geocode/s1a-iw-grd-
wv-20170819t001029-20170819t001054-017985-01e2e8-001.1iff G:/Projects/1810_RecipeTesting/Geocode/s1a-iw-grd-
w-20170819t001029-20170819t001054-017985-01e2e8-001_QGIS3.tif

0% Cancel

Run as Batch Process... Run in Background Close Help

Figure 4: QGIS 3.X Warp (Reproject) dialog window

a. If you've added your input raster to your QGIS canvas, select it from the
dropdown list of layers; otherwise click the Select button next to the field,
browse to the image to be projected, and click the Open button.

b. Select the coordinate system of the input raster. Note that the layers listed in
the Input layer dropdown box all have the EPSG code of their coordinate
system listed, so if your input layer is in your canvas, you can see that the
source CRS is EPSG 4326. If it is not listed in the Source CRS dropdown
menu, click the CRS button next to the field to open the Coordinate
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Reference System Selector (Figure 5). WGS 84 should be listed in the
Recently used coordinate reference systems list. Highlight it and click OK.

To select the output coordinate
system, click the CRS button next
to the field to find and select your
desired projection.

The sample granule provided is
located in Louisiana, which is
UTM Zone 15N (EPSG 32615).

e If you know the EPSG number
of the desired projection, you
can type that number into the
Filter field and press Enter to
locate the projection (Figure 5).
Highlight the desired CRS and

click the OK button.

If you would like your image to
be output in the same
projection as another image
that is not currently in your
project canvas, navigate to that
image in the QGIS Browser
panel, right-click on the

layer, and select Properties.
Scroll down to the CRS
(Figure 6) and copy the

EPSG code to paste into the
CRS filter in the CRS
Selector.

d. Select the Bilinear option from
the dropdown for Resampling
method to use.

e. Set the Nodata value for output
bands to 0.

(! Coordinate Reference System Selector ? X

Define this layer's coordinate reference system:

This layer appears to have no projection specification. By default, this layer will now
have its projection set to that of the project, but you may override this by selecting a
different projection below.

Filter | 2

Recently used coordinate reference systems

Coordinate Reference System Authority ID 2
* Generated CRS (+proj=longlat +ellps=A... USER:100001
* Generated CRS (+proj=longlat +ellps=a... USER:100000

WGS 84 / UTM zone 15N EPSG:32615

WGS 84 EPSG:4326 -
< >

Coordinate reference systems of the world [] Hide deprecated CRSs

Coordinate Reference System Authority 1D 2
WGS 84 EPSG:4326
WGS72 IGNF:-WGST2G
Wake Island 1952 EPSG:A733
Wallis - Uvea 1978 (MOPT8) IGNF:-WALL78GEO v
< >

Selected CRS [WGS 84

Extent: -180.00, -90.00, 180.00, 90.00
Proj4: +proj=longlat +datum=WGS84
+no_defs

Cancel Help

Figure 5: Coordinate Reference System Selector

(2 Layer Properties ? X

Name  sia-iw-grd-vv-20170819t001029-20170819t001054-017985-01e2e8-001_QGIS_UTM.tiff

G:/Projects/1810_RecipeTesting/Geocode/s1a-iw-grd-vv-20170819t001029-20170819t0

U 01054-017985-01e2e8-001_QGIS_UTM.tiff

Provider gdal

Metadata

Information from provider

Original Gi/Projects/1810_RecipeTesting/Geocode/sTa-iw-grd-
vv-20170819t001029-20170819t001054-017985-01e2e8-001_QGIS_UTM tiff
Name G:/Projects/1810_RecipeTesting/Geocode/s1a-iw-grd-
vv-20170819t001029-20170819t001054-017985-01e2e8-001_QGIS_UTM tiff
Source Gy/Projects/1810_RecipeTesting/Geocode/s1a-iw-grd-
vw-20170819t001029-20170819t001054-017985-01e2e8-001_QGIS_UTM tiff
Prayider _gdal
| CRS EPSG:32615 - WGS 84/UTMzune15N-Pru'ected|
Extent 436524.0253329501720145,3344626.5440828641876578
720472.7264047736534849,3558678.4834338752552867

v

Close

NOTICE: Layer srs set from project (EPSG:32615)

Figure 6: Layer Properties, including the CRS

e This option sets any padding pixels added around the edges during the
warp process to No Data instead of O values.
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e This option also sets any of the incoming 0 values from the original GRD
to Nodata. See Section 4 below for more detail on Nodata settings.

f. If you would like to define the pixel size of the output, you can enter that value
here. Only one value is accepted; the output pixels are square. Units are the
output file projection units (i.e. meters for UTM).

g. Enter the path and filename of the output image, or use the Browse button
and select “Save to File...” to navigate to a target directory and enter the
filename.

h. Note that as you enter the parameters, the GDAL/OGR console pane displays
the compiled call. In earlier versions of QGIS (including the long-term release
version 2.18) the user was able to make code tweaks directly in this pane if
there were additional options desired. With the change to 3.0, this
functionality was lost. If you want to access other options not offered in the
QGIS 3.X Warp tool interface, consider using the OSGeo4W Shell that
installs with QGIS. Refer to ASF’s Geocoding Sentinel-1 GRD Products using
GDAL for more information on using the gdalwarp command to geocode.

4. Click the Run in Background button to generate the projected output.

4. No Data Pixels

If you set the Nodata value for output bands (Figure 4e), no additional 0-value padding
pixels were added to the image during projection. In addition, any incoming O0-value
pixels are also converted to Nodata (Figure 7c). This is not what happens when using
gdalwarp directly, or when using QGIS 2.18 to reproject the image; there is a -srcnodata
option that must be applied to change the incoming 0-values in these workflows.

If you do not apply the Nodata setting, the projected image will retain the 0-value pixels
from the original GRD, and add additional pixels to pad the image out to a rectangular
extent in the new projection (Figure 7b). You can set the 0-value pixels to transparent
later by right-clicking the layer in the QGIS Layer panel and selecting Properties: click
Transparency, type 0 in the Additional no data value field, click OK to apply the settings.

Note that there still may be artifacts along the edges of the projected image, even with
all the 0-value pixels being changed to Nodata (Series 1 in Figure 7). ESA has used
different approaches over time to deal with edge artifacts, and only with IPF version
2.90 (March 2018) did ESA start masking all of the artifacts at the image edges with 0
values. When the nodata option is applied to newer images (Series 2 in Figure 7), the
output is a nice clean image, but older images will likely have some leftover garbage
pixels even with the 0-values removed. Refer to ESA Documentation for more
information on pixel masking.
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- IPF 2.82

Series 2 - IPF 2.91

Figure 7: Different Nodata Settings. Series 1 is an image processed by ESA with IPF 2.82, Series 2 is an image
processed by ESA with IPF 2.91. In each series, A is the original GRD with edge pixels, B is the projected GRD with
no Nodata settings applied, C is the projected image with Nodata set to 0 in the QGIS 3.X Warp tool.
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