Interferometry – creation of DEM from radar data
Perhaps the biggest weakness for the interferometric data from Sentinel-1 is vegetation – the higher, the greater the decorrelation and subsequent noise in the interferogram. If the locality of interest is located in an area with significant changes in individual seasons – i.e. summer-winter, it is reasonable to use data from the winter period, i.e. from the period when at least part of the vegetation is deprived of vegetative parts. Tropical rainforests are the biggest problems, and it is impossible to create a digital elevation model for those areas.
[bookmark: _GoBack]To create a height model, two pictures are needed.
To get started, it's a good idea to know the following tools in a web browser environment from Alaska Satellite Facility asf.alaska.edu
[image: ]
To process InSAR data, we need the Vertex tool and Interferometers.
1. Vertex
With this tool, we will find all the images for our chosen area. We will choose the right Sentinel-1 satellite. Using the drawing of the polygon we mark the area of interest. 
[image: ]
Even before the search itself, it is good to filter only the data we want. In the filters, there is one of the first options of Seasonal Search, which is useful in the case of the growing and non-vegetation period.
Radar data has multiple levels of pre-processing, we need L1 Single Look Complex. For the easier selection of frames that span the entire area, we can also define Path and Frame. See picture
[image: ]

[image: ]
Find the S1A_IW_SLC__1SDV_20200930T183328_20200930T183356_034592_0406FE_8796 slide and copy its full name.

2. Baseline Interferometry
We will paste the copied name of the first image into the Baseline Interferometry tool and try to find a paired image with the largest perpendicular  base (Perpendicular Baseline) and time base (Temporal Baseline) - simply as far away as possible and the shortest time between individual images. In the right part, we can see a graph that visualizes individual frames on a vertical axis with a perpendicular base and a horizontal axis with a time base. To create  a digital altitude model from radar data, the recommended value for a perpendicular base is at least 120 meters and a time base of a maximum of 6 days –to observe the smallest possible change in the given area. 
The S1B_IW_SLC__1SDV_20200924T183246_20200924T183316_023521_02CAE8_07DD file has good prerequisites. Let's try it with it.
[image: ]
After registration, we can download the data directly here, or there are alternatives – such as Teams  in the folder for this exercise. :)

Alternatives to download data from Sentinel missions
https://scihub.copernicus.eu/dhus/#/home - Data for the whole world, limit on the number of downloaded data at once, older data are in offline mode - must be requested (takes several days)
https://dhr1.cesnet.cz/#/home - data for the Czech Republic, unlimited number of downloads at once, all data online

3. 
Data description
S1A_IW_SLC__1SDV_20200930T183328_20200930T183356_034592_0406FE_8796
S1A – satellite platform, mission identifier (Sentinel-1B)
IW – Interferometric Wide Swath Mode
SLC – Product Type (Single Look Complex)
1SDV – level of data processing, beam polarization (Level-1 product, Standard, dual polarisation VV+VH)
20200930T183328 – date and time of the start of a snapshot (format YYYYMMDDTHHMMS)
20200930T183356 - Date and time when the picture was stopped (YYYYMMDDTHHMMS format)
034592 - orbit number
0406FE - Mission identifier
8796 - Product identifier

4. Plugin installation in SNAP
Before processing the work, we need to install the  SNAPH Unwrapping plugin in the software, which can be found in the Tools → Plugins → Available Plugins tab.  The plug-in model must be activated, this is done in the  Tools → Manage External Tools tab  – that is, if there is an exclamation mark. Click on the Unwrapping plugin and in the Bundled Binaries tab click on Install add.  Every time SNAP prompts us to restart, we should do so. After these steps, SNAP is ready to process the interferometric data.
[image: ]
[image: ]Install


5. Data processing
We do not unpack .zip data! Paste it using File -> Open Product and use the Control key to mark both packaged .zip folders.
Co-registration
The first basic step for the successful creation of the interferogram was to use a pair of SLC images, with this pair of images divided into master and slave, and combine them into a single base. This base is used to co-register one point on the ground for both images.
On the Radar  → Coregistration→ S1 TOPS Coregistration → S1 TOPS Coregistration with ESD tab
On the Read tab,  insert our first frame (master) with the extension _8796, on the second Read(2) tab, insert a paired frame with the extension _07DD. In the TOPSAR-Split tab, reduce the processing area – if SNAP reports an error and you cannot select Subswath, try reopening the tool or restarting the software. If the SNAP error does not appear, for Subswath select IW 2, Polarization VV, and use the sliders to select intervals 3 to 5. Select the same setting for the second frame in the TOPSAR-Split(2) tab.  Leave the Apply-Orbit-File tabs in their default state (Sentinel Precise, Polynomial Degree 3). 
[image: ]
In the Back-Geocoding tab, select Digital Elevation Model SRTM 1 Sec HGT.
[image: ]
We do not edit the next tab and select the last Write tab. Where we rewrite the name e.g. to the following S1A_S1B_IW_SLC_VV_8796_07DD_Orb_Stack and choose the location.
6. Interferogram
Then we create an interferogram using the Interferogram Formation (Radar → Interferometric → Products) function. The input data is created Orb_Stack from the previous step, we do not have to edit the name, SNAP added to the name _ifg. Since we create DEM from data, check whether Subtract flat-earth phase is marked in the Processing Parameters tab.  The subtract topographic phase is used to create a model of deformation, it must be unmarked. You can view the interferogram histogram in the software environment. After creating the coherence image, the Colour Manipulation tab becomes available on the left side of the software interface (if not, try View→ Tool Windows → Colour Manipulation). For the histogram to be displayed correctly, we must have the coherence of the histogram open in the right window! (expand with plus created interferogram, click on Bands, and double click on coh_IW2_VV..............
[image: ]
Coherence ranges from 0 to 1, with the image being better quality and less noise if the value approaches 1. Conversely, if the interferogram is closer to 0, the images contain more noise and are therefore of lower quality.
7. Removing black lines
The image shows the black lines caused by the individual stripe photography. The next step is to remove these lines to create a continuous image. It was necessary to insert the created interferogram with marked VV polarization in the Processing Parameters tab into the TOPS Deburst function (Radar → Sentinel-1 TOPS).
Again we will try to open in Bands coh_IW2_VV......, but now in the created interferogram with _deb at the end of the name.
8. Noise filtration
The phase contains a lot of noise that can be removed using Goldstein Phase Filtering (Interferometric → Filtering).  We can verify by opening Phase_ifg_..  before filtration and after (with _flt at the end of the name). We leave the rest by default. 


9. Defining the region of interest
Before expanding the phase, trim the region of interest using the Subset (Raster→Subset) function, which we apply to the last step (i.e. with _flt at the end of the name). To target the location of Jabal Toubkal, we enter the following values into Pixel Coordinates:
[image: ]
The subset does not save itself, SNAP has only created a temporary file. We save it by right-clicking on the created subset in Product Explorer (the part on the left where we can see all the steps and input data)
10. Phase unwrapping
The most demanding part, both in terms of time and hardware, is unwrapping the phase, for which the previously installed SNAPhu Unwrapping plug-in is crucial. The phase difference comes out only in the interval [-π, π] and one cycle is equal to half the wavelength of the radar. 
This step has a total of three parts. The first is - the export of the created product using the Export function (Radar → Interferometric → Unwrapping → Snaph Export). The created Subset serves as input data.

Deriving elevation values of the terrain, the SMOOTH model was chosen as the statistical model (Statistical-cost mode), but TOPO is also used. The DEFO  model deals with the calculation of deformations. Another field was the Initial method, which offers two statistical calculation methods - MCF  (minimal cost flow) and MST (minimum spanning tree). It is also possible to set the number of rows and columns, the increase in values did not show an acceleration of the process. Acceleration of the process can be achieved by increasing the active cores in the processor (according to hardware possibilities). Then set theoverlap of rows and columns (Row Overlap, Column Overlap) by the value 500. We choose the correct storage folder and name we choose snaphu_export.

[image: ]
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The second part of the unpacking phase was the actual unpacking of the exported folder (Radar → Interferometric → Unwrapping → Snaphu-unwrapping). Phase data from the exported folder with the extension  .img was inserted. The output component of this process, on the Processing Parameters page, has selected the folder created in the previous step (snaphu_export). The Display execution output field has been selected to display the calculation. The step is quite demanding and can take several tens of minutes (depending on the hardware). Once calculated, we click on OK and exit this tool.
The created [Output Product] can be right-clicked from the content in Product Explorer, we do not need to save it.

The third and final part of the unpacking phase was the import of the unpacked data (Radar → Interferometric → Unwrapping → Snaph Import). In the 1-Read-Phase  tab, select the input data and the created Subset BEFORE the phase is unwrapped. on the second tab 2-Read Unwrapped-Phase, select the input data - the unwrapped file (Unw_.. ) in the exported folder with the extension  .hdr. 
[image: ]

[image: ]
[image: ]
The third tab remained unchanged – so we leave the Do NOT save Wrapped interferogram in the target product option unmarked and then the output was saved in the fourth tab. For clarity, I recommend marking the file as an unpacked phase, for example by typing _unw. 

The result can be opened(file in Product Explorer).
[image: ]
11. Phase to elevation
The product processed in this way must be converted from radian units to absolute height in the Cartesian coordinate system and, thanks to radar, local topography. In addition to phase noise and possible phase unpacking errors, processing accuracy also depends on orbital vectors determining the orbital path of the satellite. 
Using the Phase to Elevation function (Radar→Interferometric→Products). Again, it is chosen for DEM SRTM 1Sec HGT (Auto-Download) and the interpolation method DEM Resampling method: Nearest Neighbor. 
12. Terrain correction
Range-Doppler Terrain Correction (Radar→Geometric→Terrain Correction) geocoded an image by adjusting the SAR geometric distortion using a digital terrain model to create an image of the projected product.
[image: ]

13. Export
We select the image for export, it must be marked in the Product Explorer bar. SNAP software offers export in many formats, even GeoTIFF, which is suitable for subsequent work in ArcGIS Pro.
Finally, we will create a layout (It is up to you which software you will use :) ). Be sure the layout has all the essentials – imprint, scale, legend, rudder, and title.
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