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Radar imagery applications

Creation of digital elevation models
Ground displacement monitoring
Infrastructure monitoring
Agriculture

Oil slick detection

Ships detection

Ice fields monitoring

Cartography

Monitoring of emergency situations
And in lot of others...

It is necessary to have a specialy dedicated software
tools in order to process and treat SAR data
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Basic knowledge

Specific nature of SAR data processing vs optical remote sensing:

Slant range projection Single or multi polarization mode One or more frequency
channels
HH HV Microwave
VH VV
Coherent complex
signal: amplitude & A F

phase

Speckle noise

Software solutions in the fleld of photogrammetry, GIS and remote sensing
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PHOTOMOD Radar functionality

import and visualization of SAR images
geometric correction

image enhancement

generation of DEM via stereo processing
and interferometric techniques

B small surface displacement extraction
through differential interferometry techniques
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| Main Utlites Enhancement Features ALMAZ-1 Georeferendng Radargrammetry Quality Marine Options Help

classification based on polarimetry analysis
ship detection

sea surface parameter estimation;

oil slick detection;

tracking of objects;

coherent change detection;

end so on.
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PHOTOMOD Radar structure

Inpu'f data Visualization tools

] Import &
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Application tools

Auxiliary tools
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Input data

PHOTOMOD-Radar has deal with the following data types:

radar imagery presented in common formats
digital elevation models (DEM)

ground control points (GCPs)

geodetic data (ellipsoids, datums)

raster and vector layers

Software solutions in the feld of photogrammetry, GIS and remote sensing
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Almaz-1
ERS-1/2
JERS-1
SIR-C/X
RADARSAT-1,2
ENVISAT

Supported sensors

ALOS PALSAR
TerraSAR-X/Tandem
COSMO-SkyMed
Kompsat-5
Sentinel-1

RACURS



Concept of generalized radar model

Radar sensors Import procedure Applications

Forms an unified
descriptor — set of radar A |

3 l
and survey parameters LU ----- ':""" |nterferometry
which are independentof  © .
input sensors : |
]
: 1 Stereometry
| |
[} : \
[W view Parameters ! x| P eeee . .
H ] > Ship detection
]
Layer Mame Geocoding data tag : :
E"‘z Layer 1 & | -~ Taglength 934 : - : — X
_____ M Image tag o Copuflag 1 ; ! =7 Oil slicks detection
----- 1 Statiztics tag - Image gtart day [from 1300 pear]  37732.000000 ]
----- 1 Prewiew tag - Seconds of image start day 54680242500 :
----- 1 Estended prewviews tag - Image duration [zec] 11263000 ! .
----- 1 Product type - Greerwich mean hour angle [rad]  -144.447810 : === Q Change detection
----- 1 D aturn parameters tag - Pulze repeatition frequency (Hz] 5158339315 :
----- 1 Logical window coordinate - Range zampling rate [Hz]  1.84672e+007 :
----- 1 Tranzform parameters tag = - Senzor view zide [-1 - nght, 1 - left]  -1.000000 1 so on
----- 1 Platform position points tac - Radar wawelength [m] 0056560 Sosso=p
----- Geocoding data tag - Dopler cone angle [rad]  1.570736
----- 1 Frame geo coordinates - Mumber of samples jn range line 9166 -
- o e P : PE—T— e - - .
1] i SRR | _>|_I All applications have deal with
the same list of input auxiliary
ok | Help |
data
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Import module

x|
Parameters  Information | SIR-C feature. Parameters  Information
~Souwee CEOS fles— g Subsat | = SD}L’&EQECEE}DS fles——————————————— I Subset
-~ IMAGGE file rl le name —————————————————————————
A0 = wfidth [5576 3: | X |0 3: Width 0 E
|p|41 565 _img_ceos. 001 ‘ I :| ‘ Dat_01.001 ‘
A i) 3: Height |[4554 3: L = 0 =
~LEADER fis

v[o =] Height

FAIFSAR_SIF-C Fort lrwin',
ord1565_ld_ceas 001

Special import tools e —— s,

dedicated to each T ——
particular spaceborn =

~ VDF file —

J:\Wworking materials ... X\MGD_Moscow region'
|
SAR sensor E
-~ MULL file

_— (- NULL file
FAIFSAR_SIR-C_Fort_liwint,

JiAWorking materials .. X\MGD_Moscow region's
-

-~ TRAILER, file:
FAMFSAR_SIR-C_Fort_lnwin'

~WDF
FAIFSAR_SIR-C_Fort_lnain,

Cancel
=i import/Export PropEtEs x|
Tnaeran | Tabmaua popmara | XML npoaycra | Biwonrsie pains | [Parameters | Infomation| Nought| MPH | 5PH Parsmeters | Infoimation | Rladarsat features
Propetti 5 CEOS W Subsst
File name: ~ File name —IN?;E:E file: s
[FWotking s\ _Fist e\ Theme 4_Traring on viewer nport and uiies\Inpoit RADAFSAT 2.¢ [i54_IMS_1PNDPAZ0050703_051656_000000T62038_00463_17651_0268N1 — | %[0 = wan [ =
= ¥ [0 = Heght [m57 =
1 Subset —— T~ Subset -~ LEADER fil
X0 3 Width |12103 3 X |0 f Width [5171 3

EN22817_SGFY

LEA,_01.001 EI

- TRAILER file
E:N22817_SGFY

TRA_01.001 EI

-%DF
E:A22817_SGFY

WDF_DAT 001 =

= MUILL file
EAZ2R17_SGFY

Yo = Height |4563 3: hdl (1 3 Height |2 3:

=
Cancel Cancel
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Visualization tools

SAR sensor data visualization tools:

B 2Dviewer B 3D viewer

k4| pHOTOMOD Radar o [

Main  Ukilities Enhancement  Features Radargrammetry Qualiby Marine  Opkions  »

a B @ 5

Main Tools iaeneral Image Features Radargrammekry
Ikilikies Enhancenment Exckrackion applications
3D Yiewer Irmpork | Exit
4 Expork

2D viewer 3D viewer
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Visualization tools

2D viewer. Provides planar presentation of raster
and vector data.

y_IFSAR_DEM.rdp
Bewm Uscfpaversio Aranny Cpwesa

NHR R || & |5=|E=]E]0
o= =

| &|=|sfe

« Reference.rdp )
File Mode Image Analysis Referencing

5| 5(8[G O[] 4 []:

| 5% [s175, 153 [71.7008
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{105,105,65) k
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Visualization tools

3D viewer. Provides three-dimensional presentation of raster

data, mainly digital elevation models and image magnitude
features.
| 3D Viewer =10l =|

File Mode Image Analysis Tools

3| & Q4 o T 2|

50%  [411, 401 140.182 v t
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Geocoding processor

Geocoding techniques is based on three precise models:
1. Model of SAR platform (satellite orbit propagation)
2. Model of imaged ground surface (Earth ellipsoid and datum)

3. SARsensor model (radar and surveillance parameters)

Orbit model

Surveillance

model
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Geocoding processor

Geocoding procedure transforms an image from slant or ground projection into one of
cartographic projections and on one of reference ellipsoids and datums.

Georeferen c.ed /.m age (path Geocoded image (map projection)
projection)
=10 x] -ocodrdn -Ioj x|
Fle Mode Image Analysis Referencing Fle Mode Imsge Analysis Referencng
|| 2 |6[S O [Qs<| % [§=]E/E] 11| 4-| R [ o[ % &S| 2|6 [ O[R[a[s<| & [%|EB(E] 11 b ][R [ e[|

\

s b = Catitude 036° 25'55.24" N Longhus / 3% 664, 2436 1988 [Lottude036°2256.66 Nlongtude 116°39 14.54°W
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Geocoding processor
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Shadow mask

Additional outputs of geocoding processor — layover and shadow masks

fe-2-!

Effect of layover is caused by a
specific combination of terrain
slop angle and radar looking one

=loix]|
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InNSAR / DINSAR processor

Radar interferometry

Inputs are the two
complex radar
images acquired
on the repeated
orbits




InNSAR / DINSAR processor

B Digital elevation models
B Ground surface displacement

DINSAR Processor: project.ifp il
I o General Coregistralionl Subsetl Interferograml Filtrationl Unwrappingl Heliefl 4 | )I

— M aster file ek ppe 1 M ew project I
D:\Example'

I . H
= 1 Momal interferometry .
if_ref.rd = 1 Open project I
[i_ret 6 L= Bifferertiztintertemmetd [ 2 passes )

complex. signed integer, 2416 bit, 1500x2400  Differential interferametry [ 3 passes Save project I The fOI |OW| ng d |ffe rential
 1-zt slave file i~ Differential inkert by [ 4 : .

DAAExample’ ferentialint=reremeliy [ & passes | _Seveprciectcs | interferometry approaches
Iif_matc:h.rdp

are realised in processor:
B two pass

camplex. signed integer, 2«16 bit, 1600x2600

— 2-nd zlave file

[1:4E zample’ :'-ul H two pass + DEM
B three pass

3 dlave fils B four pass

D:\Example' A

:"'l | perSIStent scatterers

B small baseline

— DEM file

D:AExample™

L3




InNSAR / DInSAR processor

Main stages of DEM generation by
interferometric processor

Image coregistration
(spatial matching of two images)
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InNSAR / DINSAR processor

Radar interferometry

Interferogram Digital elevation model

e T
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INSAR / DINSAR processing samples

Russia, Kluchevskaya sopka. SIR-C/X images. Two-pass differential
interferometry
% i"

s N = i D[fferenti&l._"s
' interferogram
/4
(]
\

\
—

) = ' 7 ) 7 - ‘ ) \ L—
Interferogram simulation ~---w Simulated phase
T
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INSAR / DINSAR processing samples

Rossia, Kluchevskaya sopka. SIR-C/X images. Four-pass differential interferometry

" Glacier
=3 Zulchenok
& Glacier
= y Erman
{f‘;‘f .m. PIe%kaya | J Glacier
. alnaya - > T Sopochni
=) , H y . p y

(8'}?-'%“0\15“3') W, = glc. Kluchevskaya

/ \ e B “sopka
- 4«— m.Kamen

Glacier
Bogdanovitcha

Glacier moving velocity is near 0.8 — 1.1 m / day
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Stereo processor

Stereo Processor is an integrated software package specially intended for generation of digital elevation models (DEM) via processing
of stereo pairs acquired by spaceborne SAR.

Stereo processor: StereoProject.spr N = | 5]
IJ General & Coregistrationl N Correlatorl v Geocodingl

—Input files
— Input master file
D:APHOTOMOD-Radar\PH ... 05. Stereo Processor',

-l

IDeathVaIIey_S'l .rdp = |
unsigned integer, 16 bit, 3374x3260

New project |

i Upen proj
Save project I
Save project as |

— Input slave file

D:APHOTOMOD-RadarsPH ... 05. Stereo Processor'
|DeathValIey_S5.rdp D"‘I
unsigned integer, 16 bit, 3374x3260

B

|

L 2o X Hun
» c\\\
- - Help I




Basic operation work flow

Stereo processor

Stereo pair

i i
1. Coregistration 1. Coregistration
with use ephemeris with use tie points

v v
2. Images matching

3. Parallaxes to height
calculation

4. Orthorectification

Software solutions in the feld of photogrammetry, GIS and remote sensing @
RACURS
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Stereo processing samples

Italy, Trieste. RADARSAT-1 images

20 s

. !
,‘ Parallaxes

Input images

Software solutions in the feld of photogrammetry, GIS and remote sensing
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Polarimetric processor

Land cover classification with SAR Polarimetry

k4 pHOTOMOD-Radar o w4
Main  Utilities  Ephamcement  Features Radargrw.' Options  Help
! ! i
' o
: E % } % i el o
Main Tools General Image : Features I Radargrammetty Marine
Itilities Erhancement §  Extraction b applications Applications
ﬁ lﬂ h--------
Wiewer Import | Exit
Expork
k4 pHOTOMOD-Radar o w1
Main  Utilities Enbancerment  Features Radargrammetry Marine  Oplions  Hel i . .
—— = = 2 ! =F =" Polarimetric processor specially
- | \% ; ;
o % 3 . designed for extraction of
[Main Tools General Imange Features Radargrammetry rarine backscattering parameters
-.-.-.-.-Hhhhii-. Enhancement Extrackion Applications Applications
Lt from multipolarization data
S
=7 o 7
o] sets and classification of earth
MO Classﬂ:la' PalSaR I Texture
j  FProcessar b analvsis surface,
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Polarimetric processor

Polarimetry is a method of physical investigation based on
measuring of polarization parameter changes (degree of
polarization, plane of polarization) after scattering on the
matter of interest.

HH
HV
VH
\"AY

Polarization parameter changes depend on scattering
mechanism, physical characteristics of scattering surface and
characteristics of the initial electromagnetic wave.

Radar imagery collected using different polarization
combinations may provide complementary information about
the targets on the surface.

Software solutions in the feld of photogrammetry, GIS and remote sensing @ RACURS
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Polarimetric processor

Land cover classification with SAR Polarimetry

x
IJ Matrie o Subsetl o Basisl o Descriptorl o Filtlatinnl o Decnmpnsitinnl o Classificalionl

—HH channel ~ Input components of scattering matis——— Mew project |
E:\MpoekTel odpadorkuthRSAT 2 PolSAR_Gibraltar,
- = Complex Feal
IGlblaItal_HH.ldp
complex. signed integer, 2¢16 bit, 2156x11739 & HH. HY. WH. W Save project |
" HH.wH ‘e
- HY channel ] Al Save project as |
E:\MpoekThl ofpatoTkutBSAT 2 PalSAR_Gibraltart,  Hy, vy OHY WY
[Gibrahar_HV.rdp  HH. W ~ HHAW
complex. signed integer, 2216 bit, 2156x11733
—%H chanrel
E:\MpoekTe odpadorkuthRSAT 2 PolSAR_Gibraltart,
IGibraItar_VH.rdp =
complex. signed integer, 2216 bit, 2156x11733
W channel
E:\MpoekTel ofpatoTkutBSAT 2 PalSAR_Gibraltart,
IEiibraItar_W.rdp =

complex. signed integer, 2816 bit, 215611739

— Scattering matrix color representation

Sinclair colar coding Show |
Fauli color coding Show |

Software solutions in the feld of photogrammetry, GIS and remote sensing
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Polarimetric processor

Workflow of the polarimetric
SAR data processing

Subset selection

Polarization basis selection
(orientation, ellipticity, absolute phase)

Polarimetric descriptor calculation
(coherence matrix)

Polarimetric descriptor filtration

Descriptor decomposition
(entropy, anisotropy, alpha parameter)

Classification

Software solutions in the feld of photogrammetry, GIS and remote sensing
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Ship detection processor

Ship detection
=101

Main  Utlities  Ephancement  Features Radargrammetry  Qualiby Marine  Oplions  Help -
S
] B B @ 2 e 1 o
Main Tools General Image Eeatures F.adargrarnmekry Zaliky i Marine
Ukilities Enhancement Extraction Applications Estimation o Applications
1
h-------
Wiewwer Import | Exit
Expork

I

Main  Utilities  Ephancement  Features Radargrammetry Qualiby Marine  Oplions Help
I ‘%
E % % 25 @
| oA
Iain TDD|S General Imange Features Radargrammekry Cuality Matine
l"“"!m&!. Enhancement Exkrackion Applications Estimation Applications
3
s ; I
=S
Sea Wavest Ship 1 il Slicks
Analysis L Dekection .Detection
L | 3

Ship detection processor is intended for ship recognition from amplitude SAR images. It aIIows to get
geographic coordinates, absolute velocity, movement direction and linear sizes for number of ships in the
scene.
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¥

o } Vflighl pass

- ‘_,.'—'-'"_
N AX

Shift of shig mark onimage

along azimuth (pass) direction

Ship detection processor

Procedure of ship detection and moving properties evaluation is
based on knowledge of following parameters:

B SAR platform position

B radar signal characteristics

B survey geometry characteristics

Software solutions in the field of photogrammetry, GIS and remote sensing
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Slick detection processor

Oil slicks detection

¥4 pHOTOMOD-Radar . [l S

Main  Uklities Enhancement  Features Fadargrammetry Marine  Opkions  Help rﬂﬂﬂ-w“

¥ @m & =

Main Tools General Image Features Radargrammetr‘;x' Marine
LItilities Enhancement Exctraction Applications  »  Applications
D S T
Wiger Import | Ezxit
Export
2 rHOTOMOD-Radar = 0] =]
Main  Uklities Enhancement  Features Fadargrammetry Marine  Opkions  Help
| ¥ B & = X
Main Tcu:uls General Image Features Radargrammektry Marine
r------‘ LItilities Enhancement Exctraction Applications Applications
]
[}
= '
il Slicks 1
B | Detection | B

Oil slick detection processor is a software tool specially designed for oil slick detection on the sea surface in images acquired
by spaceborne synthetic aperture radars.
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Slick detection processor

Mirror backscattering (no echo

toward SAR)
V.

Diffuse backscattering (particular
return to SAR antenna)

Oil films suppress sea waves, decrease sea surface roughness, so the dropping radar signal did not reflect in direction to SAR
antenna.

Software solutions in the feld of photogrammetry, GIS and remote sensing
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Slick detection processor

Oil slick detection
work flow

Subset of interested areas

Adaptive thresholding

Iterative classification

Iterative filtration

Slick statistics calculation
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Sea waves analysis tool

Sea waves analysis

10/

Main Utilites Enhancement Features Radargrammetry Marine Options Help Py
1
3= = (T} 28 1 2
1 i
Main Tools General Image Features Radargrammetry 1 Marine
Utilities Enhancement Extraction Applications : Applications
% lﬂ bemmm———
Viewer Import Exit
Export

}4| pHoTOMOD-Radar - 0] x|
Main Utlites Enhancement Features Radargrammetry Marine Options Help

> B\ & = =

Main Tools General Image Features Radargrammetry Marine

r_‘_-__ Utilities Enhancement Extraction Applications Applications

%

! s b [

L : |
ea Waves ip il Sli

L SeaWaves || shi Ol Slicks

. Analysis l Detection Detection

'h-l-u-n---:-i'

Sea wave analysis software tool is intended for estimation of following characteristics of sea surface:
spatial period of sea waves, azimuth of waves direction, height of waves, wind velocity above sea surface.
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Sea waves analysis tool

Sea Waves Analysis: Project.wdp i 5‘
IJ Input & Subsetl v Spectluml v Analysisl v Mapl

i~ Input image New project |

D:\14. SeaWaves Analysis’y
ISeaWaveS cene.rdp

unsigned integer, 16 bit, 453348553 __ Savepioject |
Save project as |

Sea Waves Analysis: Project.wdp x|
 Input|  Subsst| o Spectum| o anasis [ Map
R —— T _ Mewpojeet |
mocthing .
Step, pixels 10 . E
alynom
Windowsize 1284128 | | order B Save pioject |
= Save project as |
ap
Peiad () distribution map
FeriodMapdp Show
Run Acimuth [arad.] distibution map
[Ezimatiiandn Show
Help | Wiave height (m.) distibution map
[/aveheight ap rdp Show |
I Fun |
Close 1 Wind velocity (m/sec.) distribution
fosirdvelocitybd ap rdp Show Help
I I Close

The output of sea wave processor is text file with derived environment parameters and raster files containing maps
of distribution of derived values.
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Sea waves analysis tool

Sea surface parameters evaluation is based on spectral analysis procedure applied input SAR images.
+ - . € ~ " L 2 “’(‘

Subset

l 7.95

l 7.92

I 7.89

Wind velocity, m/sec Wind direction, degrees
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Coherent change detection
o]

Main  Utilities Enhancement  Features Radargpmmm-nﬂptians Help

- 1 1
> P @ Lz &
: 1 ol o
Main Tools General Image 1 Features I{adargrammetrv Marine
LItilities Enhancement ! Exkraction | Applications Applications
- [
% m L -——
Tl
Wigwer Impott | Exit
Export

R

Main  Utilities Enhancement  Features Radargrammetry Marine ©ptions  Help

> B @ = =

[4ain Tools General Image Features Fadargrammetry Iatine

r ——————— Ltilities Enhancement Extraction Applications Applications
1 HHHY o
1 ]

i i L

i Change MO Classifigr PalSA4R. Texture

1 Detection 1 Processor Analysis
-

L-------

The changes which have occurred on the Earth surface in a time between two SAR surveys may be detected via
phase processing of these images. The joint processing of two complex interferometric SAR scenes gives a coherence
image. The analysis of the coherence image shows changes occurred both in intensity and in phase of backscattered

signal.
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Radar projects

SIIS & Racurs support several forestry projects in PHOTOMOD Radar module based on Kompsat-5 data.
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Coherence image

" Vectorization |
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Thank you for attention!
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