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1. Introduction

The HDF to GeoTIFF Conversion Utility is a graphical user interface (GUI)-based
application developed at the National Remote Sensing Centre (NRSC), Indian Space
Research Organisation (ISRO). This tool is specifically designed to support the
NASA-ISRO Synthetic Aperture Radar (NISAR) mission by enabling users to
efficiently convert satellite data archived in Hierarchical Data Format version 5
(HDF5) into GeoTIFF or Cloud Optimised GeoTIFF format, a standardized raster
format widely accepted across geospatial analysis platforms such as QGIS,
SARScape, ArcGIS, and ESA SNAP. The output product also contains the Meta data
in form of text files and xml file from the auxiliary information extracted from hdf5
file to facilitate the user for further analysis. A key feature of the software is its AOI-
based cropping functionality, which allows users to extract targeted subsets of the
data based on a user-defined central latitude and longitude along with a bounding
radius (in kilometers) for NISAR geocoded products. This feature is particularly
useful for handling large NISAR products, allowing users to isolate and export only
the relevant geographic portion of the dataset, thereby optimizing both storage and
analysis time. In this software version 6.0, advanced HDF slicing capabilities has
been augmented that enable users to extract only the required portion of a NISAR
product prior to conversion. Users can define an Area of Interest (AOI) using either a
center latitude-longitude coordinate with a specified bounding radius or an external
shapefile representing the target geographic region. This significantly reduces
output file size, storage requirements, data transfer overhead, and processing time
by generating a spatially subsetted HDF product containing only the selected area.
The software supports various NISAR products such as RSLC, GSLC, GCOV, RUNW,
RIFG, GUNW, ROFF and GOFF and internally handles their differing HDF structures
during extraction and transformation. This makes the tool robust and mission-
compliant, serving as a critical interface between satellite products and
downstream geospatial applications.

2. Purpose & Scope

* Simplify the extraction of scientific datasets from NISAR HDF5 files.

Enable easy transformation into standard georeferenced raster files
(GeoTIFFs/COGs) and meta data files.

Generate XML and text-based metadata files from HDF5 auxiliary information.
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Support efficient AOI-based HDF slicing to reduce product size and processing
requirements.

* Provide a user-friendly GUI that avoids the need for complex command-line
operations.



The scope of the utility includes support for key NISAR product families such as
RSLC, RUNW, ROFF, RIFG, GSLC, GCQOV, GOFF, and GUNW, and features like AOI-
based cropping for geocoded products, geo-transformation using embedded
metadata, and metadata file creation from the meta data information of HDF5
file. The tool is built for precise data conversion, user-friendly operation, and is
seamlessly provided within data dissemination Bhoonidhi portal, for the benefit of
end users.
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Figure 1 NISAR HDF File Conversion Utility GUI

3. Software Interface Overview
The software provides a clean and intuitive GUI built, allowing users to select
input and output paths and trigger the conversion operation with a single click.
Main Interface Components:

e Title Header: Displays the software name and version information.
e Date Display: Displays the current system date.



¢ Input File Selection: Allows users to browse and select the input NISAR HDF5
product.

e Output Folder Selection: Allows users to specify the destination directory for
generated outputs. Output File Format

e Conversion Criteria: Allows users to select the desired conversion or
subsetting mode prior to processing. Available options include:

1. Convert Entire Image Area: Converts the complete HDF5 product into
GeoTIFF/COG format without spatial subsetting. Use this option when:
= Full scene coverage is required.
= No AOl extraction is needed.
= QOriginal spatial extent must be preserved.

2. Define AOl Using Bounding Radius and Centre Latitude/Longitude:
Extracts a spatial subset centered on a user-defined latitude and longitude
coordinate using a specified bounding radius (in kms). Use this option when:

= Analysisis focused on a localized region.

= Reduced file size is desired.

= Faster processing and storage optimization are required.
The software automatically computes the corresponding image coordinates
and extracts only the relevant data from the source HDF product and
generates the output, based on output file format.

3. Select Shapefile to Define AOI: Extracts a spatial subset based on a user-

supplied shapefile defining the Area of Interest. Use this option when:

= Administrative boundaries, study areas or project-specific

polygons are available.

= [rregularly shaped AOIls are required.

= Precise geographic extraction is needed.
The software determines the intersecting image extent corresponding to the
shapefile and generates a subsetted HDF product or GeoTIFF/COG file
outputs based on the output file type selected by the user.

4. Input Requirements
Input File Format: NISAR Data Products HDF5 file of SSAR/LSAR.
e Extension: .h5 (HDF5)
e Structure: The file must contain datasets in a hierarchical structure.
e Data Type: 2D raster image arrays. - Georeferencing: Should include either
embedded geospatial metadata or associated geolocation arrays.



5. Output Details

e Output Format: Depending on the selected processing mode, the software
can generate one or more of the following output products:

Output Type Format Description
Standard georeferenced raster format
GeoTIFF tif compatible with GIS and remote sensing
software

Cloud Optimized

tif Cloud-friendly GeoTIFF optimized for

GeoTIFF (COG) efficient web access and visualization
Spatially subsetted HDF5 product
Sliced HDF5 Product .h5 generated when AOIl-based HDF slicing is

selected

e Type: Rasterimage(s)

e Location: Stored in the folder selected by the user

e Projection: Wherever projection and geolocation metadata are available
within the source HDF5 product, the generated GeoTIFF/COG outputs are
automatically georeferenced.

e Naming Convention:
+» For Geotiff/COG file: When output file format option is either Geotiff/COG
file, then output files will be generated with the naming convention shown
below:

{SAR} {product} _{freq}_{track_num}_{frame_num} _{process_date} {type}_

{pol}_{layer} {dataset_name}_{AOl}.tif

The fields in the filename correspond to the following parameters:

a)
b)
c)
d)
e)
f)

g)

h)

SAR - SAR sensor type (LSAR or SSAR)
product - Product type such as GSLC, GCOV, RSLC, etc.
freq - Frequency band (A or B)
track_num - NISAR track number extracted from the input product
frame_num - Frame number corresponding to the scene
process_date - Date of Imaging is represented by this parameter.
For RSLC, GSLC, GCOV products,

{process_date} corresponds to {dateofpass}

For interferometric products, {process_date} corresponds to
{referenceDateofPass_secondaryDateofPass}

type - Specifies the interferometric product subtype (e.g., pixel offset,
interferogram, or unwrapped interferogram). This field is included only
for interferometric products like ROFF, GOFF, RUNW, GUNW and is not
applicable to standard products such as RSLC, GSLC, and GCOV.

pol - Polarimetric element contained in the product for example in
GCOV product (e.g., HHHH, HVHV, HHHV, etc.), for all other products
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such as RSLC, GSLC, ROFF, GOFF, RUNW, GUNW product (e.g. HH,
HV, VH, VV, RH, RV etc.)

i) layer - Applicable only to interferometric pixel offset products (ROFF and
GOFF). This field identifies the offset layer associated with the dataset
and may have values such as layer1, layer2, layer3, etc. For all other
NISAR data product types, this field is omitted from the filename.

j) dataset_name - Applicable only to interferometric products (ROFF,
GOFF, RIFG, GUNW, RUNW). This field specifies the name of the dataset
represented by the output file. Examples include alongTrackOffset,
slantRangeOffset, correlationSurfacePeak, and other product-specific
interferometric datasets. For standard products (RSLC, GSLC, and
GCOV), this field is omitted from the filename.

k) AOI - Applicable only to GeoTIFF/COG outputs generated through Area
of Interest (AOl)-based subsetting. This field indicates that the output file
corresponds to a spatial subset extracted using either user-specified
latitude/longitude coordinates or a shapefile-defined boundary. For full-
scene conversions, this field is omitted from the filename.

++» For HDF5 slicing: When slicing HDF option is selected, output subsetted
HDFS5 file name follows the naming convention as given below.
Subset_AOI_{HDF5_parent_filename}.h5

e Auxiliary Information: All aux information or Meta data will be written in
layer_metadata.txt, calibration_data.txt and metadata.xml files. The XML
metadata structure remains consistent with previous software versions. For
AOIl-based HDF slicing operations, the XML file additionally records the
subset boundaries using the following parameters:

= ROW_START

= ROW_END
= COL_START
= COL_END

These parameters indicate the spatial extent of the extracted subset within
the original HDF5 product and provide traceability for subsequent analysis.
Progress bar to show ongoing processing and message pop-up display at
the end of processing are new features that have been added to this
software in this version.

6. New Features in Version 6.0 of this software
Version 6.0 introduces significant functional and usability enhancements aimed at
improving processing efficiency, user interaction, and overall software
responsiveness.



a) Functional Enhancements
= HDF Slicing Capability: Users can now generate spatially subsetted HDF5
products using:
% Center Latitude and Longitude with user-defined bounding radius
s User-supplied shapefile defining the Area of Interest (AOI)

This feature enables efficient extraction of smaller datasets from large NISAR
products, significantly reducing storage requirements and processing time.

= Enhanced Metadata Reporting: For AOI-based HDF slicing operations, the
generated XML metadata file now includes: ROW_START, ROW_END,
COL_START, COL_END allowing users to identify the exact subset location
within the original image grid.

= This version is supporting HDF to Geotiff conversion and metadata extraction
for LSAR Products also, in addition to SSAR products.

b) User Interface Enhancements
= Animated Progress Bar: A real-time animated progress bar provides visual
indication of ongoing processing activities.
= Status Label Feedback: Dedicated status messages continuously inform
users about the current stage of processing.
= Processing Completion Notifications: Popup messages are displayed
upon successful completion or failure of processing tasks.
= Button State Management: Interactive controls are automatically disabled
during processing and re-enabled after completion, preventing unintended
user actions.
c) System Enhancements
= Thread-Safe Processing: Conversion and slicing operations are executed in
a separate processing thread, ensuring stable and responsive GUl operation.
=  Enhanced Error Handling: Improved exception handling mechanisms
provide clearer diagnostic information and more reliable software execution.

. Improvements in Version 6.0

The following improvements have been incorporated to enhance software

performance and user experience:

¢ |Improved responsiveness while processing large NISAR datasets.

¢ Clearvisual feedback for all major user actions and processing stages.

¢ Professional loading and execution experience through real-time progress
monitoring.

e Better workflow reliability through thread-safe execution and robust error
management.

e Improved operational efficiency when working with large geocoded NISAR
products through AOI-based data extraction.



8. Step-by-Step Usage Instructions

a)

b)

c)

d)

e)

f)

g)

h)

Launch the Application: Start the HDF to GeoTIFF Conversion Utility by

running the executable file.

Select Input HDF5 File: Use the file browser to choose the NISAR HDF5

product file containing the dataset.

Choose Output Folder: Select or create a directory where the converted

GeoTIFF files and metadata will be saved.

Select Output File Format: Select between two output file formats namely

GeoTIFF and Cloud Optimised Geotiff (COG) Format.

Set Conversion Mode: Select the desired conversion criteria from the

Conversion Criteria dropdown menu. The following options are available:

= Convert Entire Image Area: Select this option to process and convert all
available datasets within the input HDF5 product. The complete scene
will be converted into GeoTIFF and/or Cloud Optimized GeoTIFF (COG)
format without any spatial subsetting.

= Define AOI Using Bounding Radius and Centre Latitude/Longitude:
Select this option to extract and process only a specific Area of Interest
(AOI) surrounding a user-defined geographic location. The software will
generate a spatial subset of the original HDF5 product and convert the
selected datasets to GeoTIFF/COG format.

= Select Shapefile to Define AOI: Select this option to define the Area of
Interest using an external shapefile. The software will determine the
spatial extent covered by the shapefile, extract the corresponding subset
from the HDF5 product, and generate the required outputs.

Define Area of Interest (If AOl Mode Selected): When AOI mode is

enabled, fill in the following:

= Latitude and Longitude: Enter the central coordinates (in EPSG:4326)
around which data needs to be extracted.

= Bounding Radius (in km): Radius around the specified coordinate that
defines the extraction area. The software automatically computes the
corresponding image rows and columns and extracts only the required
portion of the dataset.

Shapefile-Based AOI

= Click the Browse button and select a valid shapefile (.shp) representing
the desired Area of Interest.

= The software automatically determines the spatial extent covered by the
shapefile and extracts the corresponding subset from the source HDF5
product.

Run the Conversion: Click the "Convert" button to begin processing. The

application will extract the relevant data and convert it to GeoTIFF format

based on your selection.

Verify Output: Upon completion, check the output folder for:

o Generated GeoTIFF files for each dataset/layer.



e Metadata text files summarizing calibration and swath georeferencing
parameters. BBOX shape files outlining AOI extents (if AOI conversion
was selected).

e Metadata.xml file (Annexure-1) summarizing the auxiliary information
extracted from hdf5 file which is required for further analysis. (Xml
structure is similar to the EOS-04 mission). Users can compute the
sigma0, Gamma0, beta0 using the DN values in GeoTIFF file and LUTs
(Look Up Tables) in calibration information tag of xml file, as per
equations provided in the format document. (Ref 1).

e Auxiliary file information is corresponding to full extent of HDF5 file, for
AOl based option (Annexure-2), user can extract the auxiliary
information based on the AOIl Extent, Reference start and end row,
column values mentioned in the xml file.

9. System Requirements
e Operating System: Windows
¢ RAM: Minimum 4GB (8GB+ recommended)
e Disk Space: Enough to store input and output files

10. Error Handling and Debugging
e HDF5 file structure not supported » Check dataset structure
e Permission denied > Verify output directory access
e GeoTIFF not generated > Validate input data

11. Best Practices
e Store input and output data on local storage to improve processing performance.
e Uninstall previous version, before installing this version of software.
e Avoid modifying source HDF products during processing to prevent data

corruption. For large datasets, utilize spatial slicing (AOl-based extraction)
to reduce processing time and storage requirements.

12. References

e https://bhoonidhi.nrsc.gov.in/NISAR/NISAR_Data_Product_Format_Docum-
ent_V1.2.1_digisigned.pdf, Ref No: ISRO-SAC-PR-NISAR-2024-051.

e https://bhoonidhi.nrsc.gov.in/bhoonidhi_resources/help/docs/EOS_04_Data_
Products_Format_Document.pdf, Ref No: SAC/SIPG/MDPD/EOS-
04/SAR/DP/2021/TN-05/Sep 2021

13. Contact & Attribution

National Remote Sensing Centre (NRSC), ISRO
Departments: DPA/MDPG / MPSDD
Contact for any Feedback or Queries: feedback_mpsdd@nrsc.gov.in
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ANNEXURE-1

Sample Metadata xml file for RSLC:

<?xml version="1.0" ?>
<Product>
<ProductType/>
<ProductID/>
<DocumentIdentifier/>
<ProductExtent type="FullExtent"/>
<SourceAttributes>
<Satellite/>
<Instrument/>
<RadarBand/>
<InputDatasetFacilityId/>
<DatatakeID/>
<ObservationID/>
<SourceDataAcquisitionParameters>
<ObservationMode/>
<ListOfFrequencies/>
<Polarizations/>
<frequencyA>
<RadarCenterFrequency units="Hz"/>
<PulseRepetitionFrequency units="Hz"/>
<PulseBandwidth units="Hz"/>
</frequencyA>
<AntennaPointing/>
<TrackNumber/>
<FrameNumber/>
<NumberOfSubSwaths/>
</SourceDataAcquisitionParameters>
<OrbitAndAttitude>
<OrbitInformation>
<PassDirection/>
<OrbitDataSource/>
<StateVector>
<TimeStamp/>
<xPosition units="m"/>
<yPosition units="m"/>
<zPosition units="m"/>
<xVelocity units="m/s"/>
<yVelocity units="m/s"/>
<zVelocity units="m/s"/>
</StateVector>
<l-- ... more StateVector entries ...
</OrbitInformation>
<AttitudeInformation>
<AttitudeDataSource/>
<AttitudeAngles>
<TimeStamp/>
<yaw units="deg"/>
<roll units="deg"/>



<pitch units="deg"/>
</AttitudeAngles>
<!-- ... more AttitudeAngles entries ... -->
</AttitudeInformation>
</OrbitAndAttitude>
</SourceAttributes>
<ImageGenerationParameters>
<GeneralProcessingInformation>
<ProductType/>
<ProcessingFacility/>
<ProcessingTime/>
<SoftwareVersion/>
<IsUrgentObservation/>
</GeneralProcessingInformation>
<SarProcessingInformation>
<ElevationPatternCorrection/>
<ZeroDopplerTimeFirstLine/>
<ZeroDopplerTimelLastLine/>
<frequencyA>
<RangelLookBandwidth units="Hz"/>
<TotalProcessedRangeBandwidth units="Hz"/>
<TotalProcessedAzimuthBandwidth units="Hz"/>
</frequencyA>
<IncidenceAngleNearRange units="deg"/>
<IncidenceAngleFarRange units="deg"/>
<slantRangeNearEdge units="m"/>
<IsDithered/>
<IsGeocoded/>
<IsMixedMode/>
</SarProcessingInformation>
</ImageGenerationParameters>
<ImageAttributes>
<ProductFormat/>
<OutputMedialnterleaving/>
<RasterAttributes>
<DataType/>
<BitsPerSample datastream="Real"/>
<BitsPerSample datastream="Imaginary"/>
<frequencyA>
<NumberOfSamplesPerlLine/>
<NumberOfLines/>
<SampledPixelSpacing units="m"/>
<SampledLineSpacing units="m"/>
</frequencyA>
</RasterAttributes>
<GeographicInformation>
<ImageTiePoint>
<ImageCoordinate>
<Line/>
<Pixel/>
</ImageCoordinate>
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<GeodeticCoordinate>
<Latitude units="deg"/>
<Longitude units="deg"/>
</GeodeticCoordinate>
</ImageTiePoint>
<ReferenceEllipsoidParameters>
<Epsg/>
</ReferenceEllipsoidParameters>
<!-- ... more ImageTiePoint entries ... -->
</GeographicInformation>
<CalibrationInformation>
<CalibrationInfo>
<ImageCoordinate>
<Line/>
<Pixel/>
</ImageCoordinate>
<Lut_betao/>
<Lut_gamma®@/>
<Lut_sigma@/>
</CalibrationInfo>
<!-- ... more CalibrationInfo entries ... -->
</CalibrationInformation>
</ImageAttributes>
</Product>

Sample Metadata xml file for GSLC: (with AOI option)

<?xml version="1.0" ?>
<Product>
<ProductType/>
<ProductID/>
<DocumentIdentifier/>
<ProductExtent type="AOI">
<AOIExtent>
<ReferenceStartRow/>
<ReferenceStartColoumn/>
<ReferenceEndRow/>
<ReferenceEndColoumn/>
</AOIExtent>
</ProductExtent>
<SourceAttributes>
<Satellite/>
<Instrument/>
<RadarBand/>
<InputDatasetFacilityId/>
<DatatakeID/>
<ObservationID/>
<SourceDataAcquisitionParameters>
<ObservationMode/>
<ListOfFrequencies/>
<Polarizations/>
<frequencyA>
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<RadarCenterFrequency units="Hz"/>
<PulseBandwidth units="Hz"/>
</frequencyA>
<AntennaPointing/>
<TrackNumber/>
<FrameNumber/>
<NumberOfSubSwaths/>
</SourceDataAcquisitionParameters>
<OrbitAndAttitude>
<OrbitInformation>
<PassDirection/>
<OrbitDataSource/>
<StateVector>
<TimeStamp/>
<xPosition units="m"/>

<yPosition units="m"/>
<zPosition units="m"/>
<xVelocity units="m/s"/>
<yVelocity units="m/s"/>
<zVelocity units="m/s"/>

</StateVector>

<!l-- ... more StateVector entries ...

</OrbitInformation>
<AttitudeInformation>
<AttitudeDataSource/>
<AttitudeAngles>
<TimeStamp/>
<yaw units="deg"/>
<roll units="deg"/>
<pitch units="deg"/>
</AttitudeAngles>

<!-- ... more AttitudeAngles entries ...

</AttitudeInformation>
</OrbitAndAttitude>
</SourceAttributes>
<ImageGenerationParameters>
<GeneralProcessingInformation>
<ProductType/>
<ProcessingFacility/>
<ProcessingTime/>
<SoftwareVersion/>
<IsUrgentObservation/>
</GeneralProcessingInformation>
<SarProcessingInformation>
<ElevationPatternCorrection/>
<ZeroDopplerTimeFirstLine/>
<ZeroDopplerTimeLastLine/>
<frequencyA>
<RangeBandwidth units="Hz"/>
<AzimuthBandwidth units="Hz"/>
</frequencyA>
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<IncidenceAngleNearRange units="deg"/>
<IncidenceAngleFarRange units="deg"/>
<IsDithered/>
<IsGeocoded/>
<IsMixedMode/>
</SarProcessingInformation>
</ImageGenerationParameters>
<ImageAttributes>
<ProductFormat/>
<OutputMedialnterleaving/>
<RasterAttributes>
<DataType/>
<BitsPerSample datastream="Real"/>
<BitsPerSample datastream="Imaginary"/>
<frequencyA>
<NumberOfSamplesPerLine/>
<NumberOfLines/>
<SampledPixelSpacing units="m"/>
<SampledLineSpacing units="m"/>
</frequencyA>
</RasterAttributes>
<GeographicInformation>
<GeolocationGrid>
<ImageTiePoint>
<ImageCoordinate>
<Line/>
<Pixel/>
</ImageCoordinate>
<GeodeticCoordinate>
<Latitude units="deg"/>
<Longitude units="deg"/>
</GeodeticCoordinate>
<MapCoordinate>
<Northing units="m"/>
<Easting units="m"/>
</MapCoordinate>
</ImageTiePoint>
<l-- ... more ImageTiePoint entries ...
</GeolocationGrid>
<ReferenceEllipsoidParameters>
<Epsg/>
<EllipsoidName/>
<SemiMajorAxis units="m"/>
<latitude_of_projection_origin/>
<longitude_of_projection_origin/>
<UtmZoneNumber/>
</ReferenceEllipsoidParameters>
<MapProjection>
<MapCorners>
<UpperLeftCorner>
<Latitude units="deg"/>



<Longitude units="deg"/>
<Northing units="m"/>
<Easting units="m"/>
</UpperLeftCorner>
<UpperRightCorner>
<Latitude units="deg"/>
<Longitude units="deg"/>
<Northing units="m"/>
<Easting units="m"/>
</UpperRightCorner>
<LowerRightCorner>
<Latitude units="deg"/>
<Longitude units="deg"/>
<Northing units="m"/>
<Easting units="m"/>
</LowerRightCorner>
<LowerLeftCorner>
<Latitude units="deg"/>
<Longitude units="deg"/>
<Northing units="m"/>
<Easting units="m"/>
</LowerLeftCorner>
</MapCorners>
</MapProjection>
</GeographicInformation>
<CalibrationInformation>
<CalibrationInfo>
<ImageCoordinate>
<Line/>
<Pixel/>
</ImageCoordinate>
<Lut_beta0/>
<Lut_gamma@/>
<Lut_sigma@/>
</CalibrationInfo>

<!-- ... more CalibrationInfo entries ...

</CalibrationInformation>
</ImageAttributes>
</Product>
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