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Technicahvailabilityof free Sentinell radar imagery gives goaxpportunitiesfor their useto solve a
wide range of applied problems in the area of Earth remote sensing.

This paper illustrates sonlPHOTOMOD Radsoftware package capabilitiésr Sentinetl imagery
processingThe papecomprisesseveral processing examples.

Digital elevation model creatiorby the two-pass interferometrymethod

Below,we presenttwo exampleSAR images of a terrain site in Brazil obtaine&dytinetl ¢, ) on
June8 and 12, 2019

Product type for both images &L dslantrangeimages withouthon-coherentsummatior), Stripmap
mode, and HV polarization are used.

The processing is performed in tbiaterferometry unit of the PHOTOMORadar(InSARDINSAR
software.

After the inputof pre-converted into the internaPHOTOMORadarformat imagesthe images are
matchedwith subpixel accuracy.

Main operations after imagmatchingare illustrated below using the example of an image fragment.

The values o complexinterferogramand coherence are computed. The results are given in Fig. 1.

Fig. 1Interferogram(left) and coherence (right) images


https://sentinel.esa.int/web/sentinel/missions/sentinel-1
https://en.racurs.ru/program-products/photomod-radar/

After filtering, the interferogram is as follows (Fig. 2):

Fig 2. Inerferogramfiltering result

Then,phaseunwrappingis carried out, &. the recalculation of the relative phase (between 0 2nJ
into the absolute one, continuous at the image margin. The results are given liblgrayscale

images in Fig. 3 are the result of the phase unwrapping procedure, anddgirgs4a 3D unwrapped
phase representation.

Fig 3.Phaseunwrappingresult



Fig 4. Unwrapped phase 3D representation

An interface ofecalculationof phase valusinto the absolute terrains shown in Fig..5The
recalculation is carried out usiggound control points(GCP).
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Fig. 5. An appearance of a dialog to collect &3€Recalculate interferometric phasato height



Thefinal step ighe geocoding othe resultingterrain DEM and ohorectification of one ofthe initial
images (master file) of interferometric pair using the reimigiterrain modd. The results are given in
Figs. 6 and 7, respectively.
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Fig. 6. The geocoding resulthe digital elevation model in the geographic coordinate system

Fig 7.Aslantrangeimage(left). A fragment of the master image orthorectified using the
interferometricDTM(right).



The superposition of an orthorectified image fragment of the optiealein the Google Eartlvieweris
shown in Fig. 8. The error in the-jMéne is about 2 m.
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Creating a surface type digital map by the interferometric method

Initial data for therelevantprocessing example is a series of 5 mtgithporal complex SAR images
obtained bySentinell ¢, ) in June 2019 for the forested ar@gaAmur Oblastnorth of the city of
Blagoveshchensk

Imaging déeswere June 4, 2019; Jud®, 2019; June 16, 2019; June 22, 2019; and June 28, 2019.
SLC product typ&tripmapmode,andVVVHpolarizationare involved
The processing is performed in tbiaterferometry unit (@Coherent coregistratiof).

After the input of preconverted into the internaPHOTOMORadarformat images, the images are
matched with subpixel accura¢gach image is matched in sequence with the firse by the date of
imaging)

Main operations (aftecoregistration by the exaple ofanenlarged image fragment) are illustrated
below.

Numerical characteristiasf image pixel®verthe whole seriegmean amplitudecoefficient of
amplitude stabilityand mean coherence) are estimated.

Fig. 9 presentanimage of the mean amplitude obtained through averaging over a sefi@sages. This
image has higher radiometric resolution than each single image of the series.

Fig. 9. Mean amplitude image

Fig. 10 presents an imagéthe coefficient of amplitude stality. Higher brightness values in this image
(light areas) correspond to amplitude values slightly changing from one image to andtigevice
versa, low brightness values (dark areas) correspond to unstable (changing) amplitude.



Fig. 10Image ofthe mefficient of amplitude stability

An image of mean coherence is given in Fig. 11. High coherence values are typical for the areas with
stable surfacescatteringproperties(positions of single elementary reflectors inside SAR spatial
resolutioncell@ Say Qi OKIy3IS 06SG6SSy akKz22iAy3aoed [2¢ O2
decorrelation due to surfacecatteringproperty fluctuations.

Fig. 11. Mean coherence image

At the stage of estimation of numerical characteristics, it is also possilbiewoa false coloimage that
is a composition of calculated characteristics (Fig. Ti28.ed band is the amplitude stabilitthe green
band is the mean amplitude, aride blue band is the mean coherend@lor of a pixel corresponds its
numerical chaacteristics. For example, red color corresponds to stably low amplitude and low
coherence whabccurs in the area of the radar shadow



Fig. 12Pseudocolor representation of the estimated pixel characteristics

At the next stage, a digital map of cohet@mange detection is being creatditat is an interim result of
coherent coregistration of several radar imagegy. 13).

Fig. 13Afalse color image representing the composition of three images (by amplitude)

The result of spatiatoregistrationof amplitude radar images is the digital map of amplitude change
detection that is given in Fig. 14 as a composition of three intéiferences



Fig. 14. False color representation of amplituiiféerences

The final processing staép a digital map afurface typesdlassmatrices). Fig. 14 represerdsnatrix
using numerical characteristics.

Fig. 15. Surface type digital map (classification result)

According to the results of preliminamyterpretation, four classes prevaiblue and bright pink (ater
surface, radar shadow), blue (vegetation), grég@eforestation), and yellow and brown (urban areas,
agricultural land).

Thus, in particular, the series of images for the same surface region allows us to obtain a radar image
with increased radar regation and estimate the degree of variation of surface scattering properties
from image to image that is illustrated in Fig. 16 by the example of an image fragment.



Fig. 16. Comparison of original June 4, 2019 image fragment (left) and mean amptitgge(right)



Detecting surface vessels and estimaitjtheir characteristics
The processing is performeddivlarine applicationgunit (6Ships).

Initial data is the amplitude marine surface SAR image containing ship images obtaBeatiog!1s
on Februaryll, 2020for the water area region ithe Strait of Gibraltar

GRD product typdnterferometric Wide swatt{lwW) mode andVV polarizatiorareinvolved

After preliminary converting into the intern®HOTOMOD Radfmrmat, an image fragment shown in
Fig. 17 is selected for further processing.
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Fig. 17. A SAR fragment displaying ships for the processing

Main stages of the selected image fragment processing are illustrated below.

The search for ships is carried out in automatic metlerewith, the program produces the list of
detected ships and determines their geographic coordinates (Fig. 18).
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Fig. B. The tab after ship search in automatic mode (bottom), andvte@er (top).
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manually wakes as it is shown in Fig. 19.
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Fig. 19The tab after speed estimation (bottom), theewerwith manually selected wake (top).

The final processing step is the determination of ®ies. This task is solved in automatic mode. The
appearance of the tab after size determination operation isvaim Fig. 20.
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Fig.20. The tap appearance after ship size determination



The result of the program execution is a text file that contaimeslist of detected surface vessels and
the data on their geographic position, speed, azimuth, mehr size (lgi. 21).

A
RESULTS OF PROCESSING

Coordinates of scene corners
| Corner | Latitude, deg. | Longitude, deg.
| Left up | 35.899 | -5.959 |
| Right up | 35.926 | -6.146 |
| Left bottom | 35.822 | -5.976 |
| Right bottom | 35.849 | -6.163 |
Time of survey

Year 2020

Month 2

Day 11

Hour 6

Minute 27

Secunde 47
List of detected ships
| ® | Latitude, deg. | Longitude, deg. | Velocity, knots. | Azimuth, deg. | Length, m. | Width, m. |
| 1| 35.804 | -6.051 | 11.742 | 82.994 | 191 | 60 |
| 2| 35.779 | -6.000 | 9.945 | 68.489 | 322 | 89 |
| 3] 35.781 | -6.069 | 13.267 | 82.989 | 280 | 140 |

v

Fig. 21 Text file of the report on the processing carriegt in the ship detection unit



Detecting ollslicksin radar imagery
The processing is carried out in tBdarine applicationunit ¢Oila f A)O1 & ¢

A Sentinetls image of Octobefl4, 2018for the region of water area neaorsicas used in the
example given belowGRD product typdnterferometric Wide swatl{lWw)mode, and VV polarization
are involved.

After preliminary converting into the intern®HOTOMOD Radfmrmat, an image fragment shown in
Fig. 22 is selected for further processing.
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Fig. 22 Aradarimage fragment for the processing displaying arsigkon the uniform sea surface
Main stages of the selected image fragment processing are illustrated below.

The initial sorting of input image elements is performed for subsequent iterative classifidaiio23
shows the result of odlicksearch irradar imagery.
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Fig. 23. The result of alicksearch in radar imagery

Next, the classification is carried out whitne pixels of the processed area of the image are sorted into
two classesThe classification result is shown in Fig. 24.
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To increase spatial homogeneity of the classification result, it is feasible to perform filtering. The filtering
result is shown in Fig. 25.
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Fig. 25Filteringresult

At the final stagetotal area of detected o#licksin the selecéd radar image fragment is determined
(Fig. 26).
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Fig. 26. The tap after the calculation of statistics by a radar image (botamahthe viewel(top)




Analyzing seavavesin radar imagery
The processing is carried out in thidarine applicationgunit ((Seag | FF & €

As the initial data, a radar image of the sea surface is seledigulayingwvell definedwave structure A
Sentinells image ofApril27, 2015for a region of the water areaear San Diego, Californi@aRD
product type,Stripmapmode, and VV polarization are involved.

After preliminary converting into the intern®HOTOMOD Radfmrmat, an image fragment shown in
Fig. 27 is selected for further processing. Langergy-carrying waves on the sea surface are clearly
displayed irthe image fragment.
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Fig. 27. A radar image fragmdot the processinghowing well definedvave structure

Main stages of the selected image fragment processing are illustrated bele2D spectrum of the
selected image fragment is calculated as #hiswn in Fig. 28.



Fig. 28. Grayscale (left) and false color (right) spectrum calculation results

Thespectrum analysis is further performethe text file generated at this stage contains the average
characteristics of sea waves, reduced to the center of the scene, geographical coordinates of the scene
of interest and the date/time of the scene centénaging (Fig. 29).
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Fig. 29. The tabfter the spectrum analysiadicatingcalculated characteristics of detected waves

Apart from the text file, the processing results are the created maps of spatial distribution of sea wave
characteristics (Fig. 30). At this stagpatialdistribution of wind speeds in m/s (top left) and spatial
distribution of wind directions in deg (top right) are performed automatically. Also, maps are built that
allow us to estimate large wave elevations in meters (bottom left) and their sppesiadd in meters

(bottom right).
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