Zpracovani radarovych dat




RADAR — RAdio Detection and Ranging =
aktivni senzor

N

Satellite(Sensor System)

Sun(Source)

Land Features(Object)

Ground Station :

Remote sensing using passive sensor system

Satellite(Source and Sensor System) ."

Ground Station :

Remote sensing using active sensor system

https://en.wikipedia.org/..



https://en.wikipedia.org/wiki/Remote_sensing

ACTIVE SENSORS

Laser Fluorosensors
Typical excitation wavelength 355nm
Emission measurements: 430-750nm

«— Radar (SAR/SLAR) —>
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T sSensors
S ' Typical wavelength range
Visible-NIR §-14 micron (um)
spectrometers

Typical wavelength range
400-1100 nanometers (nm)

PASSIVE SENSORS

Microwave Radiometers
One or more bands in the
range 1-100 GigaHertz (GHz)

https:/ /www.researchgate.net/..



https://www.researchgate.net/publication/318259800_INDIRECT_SOIL_SALINITY_DETECTION_IN_IRRIGATED_AREAS_USING_EARTH_OBSERVATION_METHODS/figures?lo=1
https://www.researchgate.net/

8, : look angle

SAR imaging geometry (SAR EDU)
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Odlisny princip snimani = odlisny vznik vysledného
obrazu =2 specificky vzhled snimk{ i metod zpracovani

Geometrie zcela odlisna oproti snimkdm porizenym senzory v
optické casti EM spektra’

Vzhled:

- Intenzita odrazeného signalu

» Do hry vstupuje interakce zareni s objekty na zemském povrchu (!
zavislost na vinové délce paprsku)

» Zaznamenani fyzikalnich vlastnosti (drsnost povrchu, orientace
k dopadajicimu zareni, elektrické vlastnosti apod.)

 Vyrazna textura
Odlisné metody analyzy radarovych dat

Nelze mluvit o teorii spektralniho chovani objektt

» odrazové a vyzarovaci schopnosti objektt na zemském povrchu
jsou v oblasti mikrovin odlisné od téchto charakteristik v
optické casti spektra (chemické x fyzikalni vlastnosti)
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|. Geometrie

Zpusobena vlastnim principem snimani radaru,
nicméne jde o ,,imaging radar”“ — tedy radar porizujici
obrazova data a vysledek je oznacovan jako image
(snimek)

Basic radar imaging geometry

e &\ < Rozdil v geometrii
letecké fotografie a
radarového snimku

rardarony

I. geometrie


https://www.geos.ed.ac.uk/~ihw/hype/radar/intro2radar.html
https://www.geos.ed.ac.uk/~ihw/hype/radar/intro2radar.html
https://www.geos.ed.ac.uk/~ihw/hype/radar/intro2radar.html
https://www.geos.ed.ac.uk/~ihw/hype/radar/intro2radar.html
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SAR PROJECTION (aiant range) SAR PROJECTION (slant range)

Radar Course 2, ESA

Na kterych castech
obrazu budou
nejpresnéjsi data?

. v | Layover
Distortion 3!

Foreshortening
https://www.nap.edu/read/11829/chapter/6

I. geometrie


https://www.slideshare.net/grssieee/fr3t103igarss2011geolocation20110720pptx
https://www.slideshare.net/grssieee/fr3t103igarss2011geolocation20110720pptx
https://www.slideshare.net/grssieee/fr3t103igarss2011geolocation20110720pptx
https://www.slideshare.net/grssieee/fr3t103igarss2011geolocation20110720pptx
https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/ers/instruments/sar/applications/radar-courses/content-2/-/asset_publisher/qIBc6NYRXfnG/content/radar-course-2-shadow
https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/ers/instruments/sar/applications/radar-courses/content-2/-/asset_publisher/qIBc6NYRXfnG/content/radar-course-2-shadow
https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/ers/instruments/sar/applications/radar-courses/content-2/-/asset_publisher/qIBc6NYRXfnG/content/radar-course-2-shadow
https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/ers/instruments/sar/applications/radar-courses/content-2/-/asset_publisher/qIBc6NYRXfnG/content/radar-course-2-shadow
https://www.nap.edu/read/11829/chapter/6

ova radka v sikmeém sme

Nasnimana data jsou v Sikmé roviné snimani (slant range)
a nasledné jsou prevedena do horizontdlIni roviny (ground range)

I. geometrie

Oprava Sikmeé
vzdalenosti (slant r.)
na horizontalni
(ground range)

Ground Range
image
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Terénni korekce a prevod ze souradnic radaru
(azimut vs. range) do geografickych souradnic

Korekce terénu
e odstranéni efektu bo¢niho snimdani, nutny DEM
e posun terénu do ,spravné“ pozice (ale stin ztistane stinem)

Transformace do soufadnic. systému - nutny krok pro
kombinaci s ostatnimi prostorovymi geografickymi daty

| Geometricky korigovana radarova data jiz nemohou nést
informaci o fazi signalu! Pfi zpracovani dat vychazejicich z
faze se geom. korekce provadi az uplné nakonec

Nejcastéji se pouziva ,Range Doppler Terrain Correction”

I. geometrie
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Range Doppler Terrain Correction

Ucelem je vpodstaté ,orthorektifikace“ radarového

snimku
(Slant range =) ground range - geogr. souradnice

The Range Doppler Terrain Correction
Operator implements the Range Doppler

ﬁ::ﬂ’ S;
',t}‘.\: X orthorectification method [1] for geocoding
I ‘"\\\:\\ 3 SAR images from single 2D raster radar
SRy geometry. It uses available orbit state
vector information in the metadata or

external precise orbit (only for ERS and
ASAR), the radar timing annotations, the
slant to ground range conversion
parameters together with the reference
DEM data to derive the precise
geolocation information.
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[1] Small D., Schubert A., Guide to ASAR
Geocoding, RSL-ASAR-GC-AD, Issue 1.0,

March 2008

ellip gosd

Point B with elevation h above the ellipsoid is imaged at position B’ in SAR
image, though its real position is B". The offset A, between B' and
B" exhibits the effect of topographic distortions. (podle S1TBX Help)

L geometrie  Vjce informaci viz radar geometry: Radar Course 2, ESA



https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/ers/instruments/sar/applications/radar-courses/content-2/-/asset_publisher/qIBc6NYRXfnG/content/radar-course-3-geocoding-geometry;jsessionid=4D31A230B818C6634AE68D9E8EA2440C.jvm1?redirect=https%3A%2F%2Fearth.esa.int%2Fweb%2Fguest%2Fmissions%2Fesa-operational-eo-missions%2Fers%2Finstruments%2Fsar%2Fapplications%2Fradar-courses%2Fcontent-2%3Bjsessionid%3D4D31A230B818C6634AE68D9E8EA2440C.jvm1%3Fp_p_id%3D101_INSTANCE_qIBc6NYRXfnG%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1

=
Dalsimetody geometrickych kefe{
viz Help SNAPuU

Geolocation-Grid (GG) method [1]. The implementation is exactly

the same as for the Range Doppler Terrain Correction operator except
that the slant range is computed from slant range time tie point of tﬁe
source product instead of using DEM.

Range Doppler orthorectification method [1]. The implementation
is exactly the same as for the Range Doppler Terrain Correction
operator except that the averaged scene height is used instead of DEM.

[1] Small D., Schubert A., Guide to ASAR Geocoding, Issue 1.0,
19.03.2008

SAR Simulation Operator

The operator generates simulated SAR image using DEM, the
Geocoding and orbit state vectors from a given SAR image, and
mathematical modeling of SAR imaging geometry. The simulated
SAR image will have the same dimension and resolution as the
original SAR image.


RangeDopplerGeocodingOp.html
RangeDopplerGeocodingOp.html
RangeDopplerGeocodingOp.html

Geometrické korekce radarovych snimkd

/_\_
Comparison of Geocoding with and without DEM
(ERS-1) Charlevoix, Québec

D European Space Agency

http://ccrs.nrcan.gc.ca/resource/tutor/gsarcd/index e.ph

I. geometrie
uz nefunkéni!



http://ccrs.nrcan.gc.ca/resource/tutor/gsarcd/index_e.php
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1. Vzhl arovych snimku -

https:/ /eo-college.org/topic/comparison-to-optical-images/

Sentinel-1 Image | 09-Nov-2016 | RV G:VH B: VW-VH

X

More Info (—)

This Sentinel-1A radar image from 8 October 2016 features Manila, the capital of the Philippines. Manila, the most densely
populated city in the world, is on the eastern shore of Manila Bay in the South China Sea. Numerous vessels can be clearly
picked out around the busy port. To the east of the city lies the largest lake in the Philippines, Laguna de Bay.

II. Vzhled radarovych snimkut


https://eo-college.org/topic/comparison-to-optical-images/
https://eo-college.org/topic/comparison-to-optical-images/
https://eo-college.org/topic/comparison-to-optical-images/
https://eo-college.org/topic/comparison-to-optical-images/
https://eo-college.org/topic/comparison-to-optical-images/
https://eo-college.org/topic/comparison-to-optical-images/
https://eo-college.org/topic/comparison-to-optical-images/
https://eo-college.org/topic/comparison-to-optical-images/
https://eo-college.org/topic/comparison-to-optical-images/
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Parametry ovliviiujici odraZeny signal {(backscatter)
a tedy i vzhled radarovych snimku

Parametry vnitrni — senzor a jeho nosic

e vinova délka (frekvence) pouzitého mikrovinného zareni
e Uhel dopadu (Uhel pohledu) radarového paprsku
e polarizace pouzitého zareni

e azimut dopadajiciho radarového paprsku ve smyslu jeho
orientace vzhledem ke snimanému objektu

e draha letu

II. Vzhled radarovych snimkut
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Parametry-ovlivniujici-odrazeny signal (backscatter)

a tedy i vzhled radarovych snimku

Parametry vnéjsi — snimany povrch

e topografie
e |lokalni Uhel dopadu
e “drsnost” povrchu (roughness)

e dielektricka konstanta — zejména obsah
vody

e geometrie a orientace snimanych objektu
e orientace snimanych objektu

Vzajemna provazanost vnéjsich a vnitfnich parametru

II. Vzhled radarovych snimkut



Pasmo | A [cm]
Ka | 0,75-1,1
K 1,1-1,67
Ku 1,67-2,4
X 2,4-3,75
C 3,75-7,5

S 7,5-15

L 15-30

P 30-100

S vyjimkou radaru na raketoplanu jsou systémy vétSinou jednopasmové

II. Vzhled radarovych snimkt — vinova délka




II. Vzhled radarovych snimkt — vinova délka



X band L band

Austrian pine

Frequency Band X-Band

Main Scatterers Leaves, Twigs

II. Vzhled radarovych snimkt — vinova délka

A=3 Ccm A=27 cm

C-Band L-Band

Leaves, small branches Branches

P band
A=T70cm

P-Band

Branches & Trunk

© Thuy Le Toan



e Ovlivhuje rozsah radarovych stinu iR

e Maly uhel dopadu zpusobuje intenzivni odraz B-A~5°-15°
od relativné hladkych povrchu

A B
e Pri velkém uhlu dopadu jsou hladké plochy ’ |
naopak tmavé |
e \Velky uhel dopadu zduraznuje tvary —>! 50-70 km ke—

snimaného reliéfu.

B-A=860"-70°

L(—ED-TD km—)J

II. Vzhled radarovych snimkt — tthel dopadu
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Azimut dopadu-radaroveho signalu =

(orientace) ﬁﬁ

Vzajemna orientace dopadajiciho radarového paprsku a
snimaného objektu ma vyrazny vliv na vzhled vysledného snimku

Objekty usporadané do linii kolmych k dopadajicimu paprsku (A)
davaji daleko silnéjsi odraz, nez objekty v liniich orientovanych
rovhobézné s dopadajicim paprskem (B) — ulice, polni plodiny, ...

II. Vzhled radarovych snimkt — tthel dopadu a azimut dopadu



Lokalni_thel-dopadu{povrch) __—

Source: Raney, 1998

Lokalni uhel dopadu nejvice ovlivinuje vyslednou hodnotu
radiometrické charakteristiky kazdého obrazového prvku
charakteristiky

Ke korekci vlivu lokalniho thlu dopadu je zapotrebi znat vyskove
pomeéry uzemi v podobé modelu terénu a parametry definujici
geometrii snimani konkrétniho systému

II. Vzhled radarovych snimkt — tthel dopadu



~ Drsnostpovrchu

—~

A
Ce . h <
Hladky povrch 8-c0s 0
> h > -
Drsny povrch: R.cosf

h - primérna vyska nerovnosti povrchu

A - vinova délka radarového signalu

0 - uhel dopadu

II. Vzhled radarovych snimkt — drsnost povrchu

\
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Drsnost povrchu

Zakladni druhy odrazu:

a. Difuzni
b. Zrcadlovy (specular reflection)

c. Koutovy (double bounce)

-
+
.
L)

II. Vzhled radarovych snimkt — tthel dopadu



specular

very diffuse
smooth slightly rough " very rough

(a) (b) (c)

https://eo-college.org/topic/the-scattering-mechanisms/

II. Vzhled radarovych snimkt — drsnost povrchu, druhy odrazti


https://eo-college.org/topic/the-scattering-mechanisms/
https://eo-college.org/topic/the-scattering-mechanisms/
https://eo-college.org/topic/the-scattering-mechanisms/
https://eo-college.org/topic/the-scattering-mechanisms/
https://eo-college.org/topic/the-scattering-mechanisms/
https://eo-college.org/topic/the-scattering-mechanisms/
https://eo-college.org/topic/the-scattering-mechanisms/

Polarimetrie popisuj
techniku, ktera zahrnuje

mereni, the zpracovani and
the interpretaci of the stavu
polarizace clektromagnetické
viny.

Stav polarizace odrazené viny
ze zemského povrchu muze
byt vazan na geometrickeé
vlastnosti jako tvar, drsnost,
orientace a vnitini vlastnosti
odrazece (vlhkost, obsah soli,
hustota). (podle EO-college)
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Depolarizace signdlu je zpUsobena

predevsim odrazem z vrstvy vegetace @

II. Vzhled radarovych snimk - polarizace Horizontalni linearni polarizace  Vertikalni linearni polarizace
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II. Vzhled radarovych snimku - polarizace
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|[HH+VV| |HV] |[HH-VV]
T11=2A0 T;:-,:BQ'B T22=BO+B

R: double bounce, G: volume scattering, B: single bounce

© Google Earth

II. Vzhled radarovych snimku - polarizace
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Draha letu
Vystupna a sestupna draha druzice (acending vs.
descending)

Vliv na uhel dopadu vzhledem ke svétovym stranam

Lo Vka A

,2nespolehlivéjsi“ data jsou na mirnych odvracenych
svazich vzhledem k letu druzice

Vétsina druzic ,vidi“ doprava, jen nékteré doleva (i oba
SmMeEry)

II. Vzhled radarovych snimkt — draha letu
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Backscattering intensity images of ALOS PALSAR in Ascending (A) and
Descending (B) orbits show the surface characteristics of Mt. Merapi in
different looking direction.

=7.72

http:/ /asepsaepuloh.com/?p=452

II. Vzhled radarovych snimkt — draha letu


http://asepsaepuloh.com/?p=452

zaznamenaného odrazeného signalu (kovové konstrukce)

* Povrchy s vysokym vodnim obsahem vykazuji zvySenou vodivost

* Pfitomnost vody v pldé nebo ve vegetaci zvySuje odraz radarového
signalu.

* Dielektricka konstanta vétsiny prirozenych povrchd v suchém stavu je
3-8, vody je 80 !!!

II. Vzhled radarovych snimkt — dielektricka
konstanta



intenzitu a smér odrazeného signalu

I WA

Dry soil Wet soil Flooded soil

lInundation effects on radar backscatter for wet meadows (after Bourgeau-Chavez et al.. 2009)
https://eo-college.org/topic/introduction-to-water-bodies/

II. Vzhled radarovych snimkt — dielektricka konstanta, obsah vody a vyska hladiny



ypické
hodnoty
odrazivosti
povrchu

Levels of radar backscatter

Typical scenario

* Very high backscatter (above -5 dB)

+ High backscatter (-10 dB to 0 dB)

+ Moderate backscatter (-20 to -10 dB)

+ Low backscatter (below -20 dB)

man-macde objects (urban)
terrain slopes towards radar
very rough surface

radar looking very steep

rough surface
dense vegetation (forest)

medium level of vegetation Hansen, 2008
agricultural crops
moderately rough surfaces

smooth surface

calm water, road
very dry terrain (sand)

Helwich, 2008




-~ Opeckle® vyrazna zrnita textura - textura "soli a
pepie". Vznika z nahodné interference zareni.
Podrobnosti viz prezentace ze cviceni

The physical origin of speckle

Constructive

speckle /7/ Destructive speckle
—4 Z/

SAR image pixels

£ corvige ORE

Resolution cells are made up of many scatterers with different phases, leading to
interference and the noise-like effect known as speckle.

II. Vzhled radarovych snimkt — textura
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Zpracovani radarovych snimku - prehled (1)

Posloupnost etap zpracovani zavisi na:
e urovni zpracovani vstupnich dat (SLC, GRD, RAW)
e zvolené technice, metodé

e pozadovany vystup

Nutno rozlisovat dil¢i etapy od komplexnich metod a technik
radiometrickeé korekce a potlaceni Sumu
geometrické korekce (Inékdy az nakonec), geokodovani
zvyraznovani snimkt a zpracovani textury
vizudlni analogova interpretace

klasifikace snimkfi, integrace s optickymi daty

III. Zpracovani radarovych snimku
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Zpracovani radarovych snimku — prehled (2)

Koregistrace (etapa)

e nutna pro jakoukoliv metodu vyuzivajici vice snimki z riznych
casovych obdobi

Detekce zmén (change detection)
Interferometrie (InSAR, resp. DInSAR)

e vlastni fetézec etap zpracovani (viz dale)
e pokrocilé metody: PSI, SBAS

Offset tracking
Radarova tomografie (TomoSAR)

Kazda druzice ma sva specifika a tedy i specifika zpracovani
(napf.) format TOPS u Sentinelu-1, tzv. deskewing dat ALOS
apod.

III. Zpracovani radarovych snimku
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Formaty radarovych dat

Level 0 — RAW - nezpracovana (unfocused, compressed)
Level 1.1 - SLC — ,,single look complex“

e products consist of focused SAR data geo-referenced using orbit
and attitude data from the satellite and provided in zero-Doppler
slant-range geometry. The products include a single look in each
dimension using the full transmit signal bandwidth and consist of
complex samples preserving the phase information.

Level 1.5 — GRD — ,,ground range detected”

e consist of focused SAR data that has been detected, multi-
looked and projected to ground range using an Earth ellipsoid
model. Phase information is lost. The resulting product has
approximately square spatial resolution pixels and square pixel
spacing with reduced speckle at the cost of worse spatial

reso I Utio n. https:/ /sentinel.esa.int/web/sentinel /missions/sentinel-
1 /data-products

III. Zpracovani radarovych snimku


https://sentinel.esa.int/web/sentinel/missions/sentinel-1/data-products
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/data-products
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/data-products
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/data-products
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/data-products
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Radiometrické korekce a potlaceni sumu

 multilooking - prumeérovani nékolika tzv. pohledu
(looks) — tj. obrazu stejného objektu porizeného
ruznymi radarovymi signaly.

e specialni druhy nizkofrekvencni filtrace

e adaptivni filtry — definuji lokalni miry heterogenity
s cilem potlacit vysokofrekvencni Sum pti zachovani
radiometrickeé a texturalni informace ve snimku

e definovani textury (napr. pomoci GLCM
matice)

III. Zpracovani radarovych snimku
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Potlaceni sumu — multilooking LRI Sl el
e — ~ Groupof4d Resulting
| single-look multilook

—7 image lines image line

pricny

podélny

- /,/? sSmeér
v podélné
rozligeni

(saul abew) uonosaiig abuey

— predchozi
Fadky

Radarovy snimek ma odliSn¢ rozliSeni ve sméru
piicném (range direction) a podélném (azimut
direction). Podélné je dano Sitkou paprsku, pricné
dano delkou pulzu a zavisi na thlu dopadu.

Principem ,,multilooking* je primérovani hodnot
sousednich (3-4 radkil) v podélném sméru.

Tato operace je vétSinou provadéna standardné jiz
pi1 vytvareni snimki.

III. Zpracovani radarovych snimkut



Potlaceni sumu—filtrace

//

/

 neadaptivni filtry (,globalni“, pouzivaji statistiku
celeho snimku, nepracuji s lokalnimi specifiky, které
jsou dany napr. terénem, vlhkostnimi pomeéry atp.):
prumeérovy, medianovy filtr

e adaptivni filtry (,lokalni“): Frost, Lee, Map Gamma,
local mean and local median filters

' B filtrovany obrazovy prvek
I SZ pozice filtrovaciho okna

IV pozice filtrovaciho okna

Princip ,rotujiciho® okna

III. Zpracovani radarovych snimku
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Potlaceni sumu—filtrace s /

Figure 5.5 - Filtering Kernel
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III. Zpracovani radarovych snimkii http://ccrs.nrcan.gc.ca/resource/tutor/gsarcd/index_e.php



Potlaceni su
aptivni filtry:
Princip: potlacit Sum v homogennich plochach

snimku a zachovat variabilitu DN hodnot na

hranach
Tapajos, Brazil
May 20, 1996 Beam F2

: B, ‘.l 5
. = iy -
o B =N .

Map Gamma
7

Original Image

Map Gamma
11x11

Gamma filtr (dale napr. Frost filter, Lee filter)

III. Zpracovani radarovych snimku
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Detekce hran - vysokofrekvencni filtrace

e Slouzi k segmentaci snimku, ke klasifikaci

 Klasické” vysokofrekvencni filtry maji omezené
pouziti, je nutné nejdrive potlacit Sum
(nizkofrekvencni filtrace)

e Diky znacnému podilu Sumu generuji
vysokofrekvencni filtry ,nepravé® (false) hrany

e Ratio edge detector — oproti bézné pouzivanym
adaptivnim filtrum predpoklada tzv. nestacionaritu
(tj. variabilita hodnot na snimku neni vSude stejna,
ale méni se)

III. Zpracovani radarovych snimku
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Touzi filter

http://ccrs.nrcan.gc.ca/resource/tutor/gsarcd/index_e.php
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Textura na radarovych snimcich - e
Textura jako ploSna tonova proménlivost ma na

radarovych snimcich dvé komponenty:

a) prostorovou variabilitu tonu danou radarovym
echem kazdého objektu

b) Sum (speckle)

Metody k definovani textury na radarovych snimcich:
e Co-occurrence matrix (GLCM)
e Grey level difference vector (GLDV)

 Neighbouring grey level dependence matrix (NGLDM)
e Spatial correlation function

III. Zpracovani radarovych snimku



838721 /\
41936 j

. |
291 32913 E5535

Raster: GrandForks 16-bit unsigned

10B562
0 3 T T L
1 2000 5998
Raster: ts0560_c 16-bit signed

Geometricke €1 elektrické vlastnosti povrchu
mohou zplisobovat extrémn¢ silné radarové
echo; histogram radarovych snimka ma
vyrazn¢ asymetricky tvar.
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III. Zpracovani radarovych snimku Auto-Equalize Contrast Enhancement




(INSAR)

III. Zpracovani radarovych snimku - InSAR
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Extrahovani topografické
informace nebo
vertikalniho posunu
reliefu
INTERFEROMETRIE

Nositelem informace o
vysSce je rozdil ve fazi
dVOU radarOVS’Ch Slgnélﬁ Drawing courtesy of Pf'O. Howarl Zebk/: S‘anford Unvers/ty
III. Zpracovani radarovych snimku - InSAR http://ccrs.nrcan.gc.ca/resource/tutor/gsarcd/index_e.php
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Podminky vstupnich dat pro

INSAR

2 snimky pofizené z témér stejné pozice druZice,
vétsinou s casovym rozdilem ( tandem mise)
stejna draha letu (asc. vs. desc.)

stejna orbita

stejna polarizace

kolma vzdalenost mezi orbitami (tzv. perpendicular
baseline) nesmi presahnout kritickou mez, jinak je
informace z rozdilu fazi jiz jen Sum

III. Zpracovani radarovych snimku - InSAR
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Omezeni techniky InSAR

rozdil faze se nesklada jen z informace o topografii a
pripadném vertikalnim posunu, ale vstupuji zde dalsi
faktory = vlivatmosféry a Sum, takeé zakfiveni Zemé

vysledkem je posun v tzv. line of sight (LOS)

aby bylo mozné ziskat relevantni vysledky, par dat se
musi vyznacovat vysokou koherenci (volné fec¢eno
kvalita interferometrické faze), jinak dochazi k
dekorelaci

* Casova

e geometricka ...

 vysokou koherenci se vyznacuji stabilni odrazece, jako
jsou napf. zastavéné plochy, holé skaly apod.

e nizkd az nulova koherence je typicka pro vegetaci

III. Zpracovani radarovych snimku - InSAR
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Priklad postupu zpracovani InSAR dat S-1

Koregistrace
e Tvorba interferogramu, flattening
® Deburst
e Merge
e Odstranéni faze zptisobené topografii
e Filtrace
e Multilooking
e Interferogram unwrapping

e Vypocet vertikalniho posunu, prevedeni relativniho na
absolutni

e Geocoding (terrain correction)

III. Zpracovani radarovych snimku - InSAR



Major steps to form interferogram

A) Common Amplitude
B) Phase 1

C) Phase 2

D) Delta Phase

E) Simulated topography
F) Topo-removed

G) Curvature removed
(“flatteened
interferogram”

e H) Geocoded Result

e |) Modeling Result

(Lu 2007)

III. Zpracovani radarovych snimku - InSAR



towards

ground motion

(relative to the satellite)

away from——>»
A § D IES

N2
(2.83 cm)

phase
difference

........
GUl@E

https:/ /volcano.si.edu/showreport.cfm?doi=10.54

79 /s1.GVP.BGVN201205-332020

III. Zpracovani radarovych snimku - InSAR



https://volcano.si.edu/showreport.cfm?doi=10.5479/si.GVP.BGVN201205-332020
https://volcano.si.edu/showreport.cfm?doi=10.5479/si.GVP.BGVN201205-332020
https://volcano.si.edu/showreport.cfm?doi=10.5479/si.GVP.BGVN201205-332020
https://volcano.si.edu/showreport.cfm?doi=10.5479/si.GVP.BGVN201205-332020

Topography from Interferogram
Chitina River Valley, S.E. Alaska
g N g o 200

*B, =40m

» Flat-earth fringes
were removed.

* Phase is still
wrapped.

» Each revolution of
the colour wheel
represents an
increase of 200 m
in altitude.

“Relative height (m)

ERS images acquired Feb. 1994
Courtesy of Dennis Fatland,
Alaska SAR Facility

.

’v

F f \ & ; ﬁ._ i "
Canada Centre for Remote Sensing, Natural Resources Canada , GL’BEAR

III. Zpracovani radarovych snimkt - InSAR http://ccrs.nrcan.gc.ca/resource/tutor/gsarcd/index_e.php
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INSAR — unwrapping (rozbaleni faze)

* Wrapped vs. unwrapped interferogram

13-7402-2
Line of Sight Phase (radians) Line of Sight Phase (radians)
0

T 40 30 20 -0 0 0 20 30 40

A e s | ®

http:/ /www.ga.gov.au/scientific-topics /positioning-
navigation/geodesy/geodetic-techniques/interferometric-
synthetic-aperture-radar

III. Zpracovani radarovych snimku - InSAR
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PokrocCilé metody InSAR

Interferometrie se vyuziva rovné€z pro generovani
DEMu

e (SRTM mise, DEM z dat TSX/TDX)
e Sentinel-1 nedava prilis dobré vysledky
multitemporadlni metody, téz A-DInSAR (A=advanced)

vyuzivaji sadu mnoha radarovych snimki v ¢asove
fadé pro odstranéni vlivu atmosféry

min. 20 snimk, ale bézné nékolik desitek
PSI - permanent scatterers interferometry
SBAS - small baseline subset

III. Zpracovani radarovych snimku - InSAR
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Vizualni-interpretace radarovych snimku
Hlavni interpretacni znaky:
* textura
e ton
e tvar
e velikost

Vzhled povrchu (objektii) na radarovych snimcich budou
ovliviiovat dvé skupiny parametru:

e vnitini (frekvence, polarizace, ihel dopadu, azimut)
 vnéjsi (drsnost, vodni obsah, topografie, vodivost)

Klasifikace vyzaduje vice snimku v pfiznakovém prostoru.
Ty lze ziskat napft.:

 jako sérii snimku z ruznych ¢asovych horizontu
e transformaci (vypoctem meér textury)
e polarimetrii

III. Zpracovani radarovych snimkt - vizualni interpretace



Inte
~ obrazovymi daty

e transformace barevného systéemu RGB a [HS

g #3 (A:Warp (Band Am),G:-Warp [Band 3:Home_tm),B:Warp (Band 2.Rome_tm)):tmp_L... [¥{=] E3 (B 6} 82 Band 1:Rome_eis2
Fila  Deerlay - File Owrlay E

| #4 [R:CN Shap A (Warp (Band 4:Rome_tm):tmp_tm_tegimglG:CN Sharp G [Warp [Band 3
File Owerloy Enbarce  Tools  Kindow

-

W

Figure 12-1: Landsat TM False-color Infrared Composite (bands 4, 3, 2 as RGB),
left. ERS-2 SAR Data, right

* registrace snimku
 transformace IHS

Fused Landsat CIR Image with ERS-2 Data to Improved Texture

 nahrazeni slozky intensity

111, Dg%l;g&xg%lﬂ%%%%l&g{}’{lﬁ — vizualni internretace



Interpretace obrazu z radaru

pouziva se pro mapovani vyuzivajici detekci
1. drsnosti
« geologickych jednotek starého podkladu a novych
materialu
» geologickych struktur
« druhu vegetace
e urceni druhu morského ledu
* vodnich ploch zvlasté pri katastrofach - povodneé,
ropné skvrny

2. vlhkosti
e pudni vlhkosti

III. Zpracovani radarovych snimku — vizualni interpretace
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Ruzné typy odrazivosti

rostliny - vétSinou maji hodné vlhkosti - velka
odrazivost

kovoveé predmeéty - velky odraz - svétla mista - jasné
rozpoznatelné kovové mosty, zeleznice i na snimcich s
horsi rozliSovaci schopnosti

puda - sucha ma 10 X mens§i odrazivost nez vlhka
odrazivost je ze zony o hloubce nékolika cm, ¢im vétsi
vlnova délka, tim vétsi hloubka pudy, z niz dochazi k
odrazu
(extrémné suché pudy pro A= 23.5 cm odraz z hloubky az nékolik

metri)

puda a vegetace - je-li vinova délka blizka rozmériim

casti rostlin, které odrazeji - velky odraz z vrstvy

rostlin, je-1i husta

III. Zpracovani radarovych snimkt - vizualni interpretace



«pro zkoumani listu vegetace A = 2 cm i 6 cm - tehdy je minimalni
odraz pudy

« pro zkoumani kmenu, velkych vétvi A = 10 - 30 cm

- voda s hladkym povrchem - zrcadlovy odrazec - nic se neodrazi
do antény

* voda s drsnym povrchem signal s ruznou silou

SEASAT radarovy systém - L pasmo A = 23.5 cm s thlem pohledu
20° - 26° lze detekovat viny s ruznou vinovou délkou, jestlize vyska
viny na povrchu vodni hladiny je > 1 metr

lépe to lze pro viny pohybujici se ve sméru kolmém na smeér letu
moisky led - zavisi na dielektrickych vlastnostech a prostorovém
usporadani ledu

X-pasmovy radar - A = 3.2 cm - druhy ledu, tloustka ledu
L-pasmovy radar - A = 23.5 cm - celkovy rozsah ledu

difazni plochy odrazeji pomérne slaby signal - mohou ukazovat
texturu

zrcadloveé plochy velmi nizky odraz - vodni plochy

stiny - Zadny odraz

III. Zpracovani radarovych snimkt - vizualni interpretace
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Prehled druzicovych radarovych senzoru

Satellite Wave- Life status Resolution Repeat Swath Max. vel. Incident
mission length (cm) az./range (m) cycle (days)  width (km) (cm/yr) Angle(®)
C-band
ERS-1/2 5.6 1992-2001 =6/24 35 100 14.6 23
ENVISAT 5.6 2003-2010 =6/24 35 100 14.6 19-44
45 (fine)
RADARSAT-1 5.5 1995- =8-30 24 100 (strip) 204 20-50
200 (scan)
=3/3 10 (spot)
RADARSAT-2 5.5 2007- =8/8 24 40 (strip) 204 20-50
=26(25 200 (scan)
Sentinel-1 5.6 2014-2024 5-20 6,12 250 85 30-46
RADARSAT
Constellation 5 5 2018-2026  5-50 3,12 30-350 1632 20-55
Mission
(3 Sat)

Wasowski et al. (2014): Investigating landslides and unstable slopes with satellite Multi
Temporal Interferometry: Current issues and future perspectives. Eng. Geol. 2014, 174,



Satellite Wave- Life status Resolution Repeat Swath Max. vel. Incident
mission length (cm) az./range (m) cycle (days)  width (km) (cm/yr) Angle(?)
L-band
J-ERS 23.5 1992-1998 18 44 75 48.7 35
ALOS _
PALSAR 23.6 2006-2011 =5[7-88 46 40-70 46.8 8-60
1/3 25 (spot)
ALOS PALSAR-2 229 2013-2017 3-10/3-10 14 50-70 (strip) 149.2 8-70
100/100 350 (scan)
SAOCOM 235 2014-2021 1050 8,16 20-150 268 20-50
(2 Sat)
X-band
COSMO- =25/25 10 (spot) 31;1
SkyMED 3.1 2007-2014 . 2,4,8,16 40 (strip) ’ 20-60
(4 Sat) 1.0/1.0 200 (scan) 70.7
141.4
-33/2.8 10 (spot)
TerraSAR-X 3.1 2007-2018 L 11 30 (strip) 25.7 20-55
1.0/1.0
100 (scan)
COSMO-
SkyMED-2 3.1 2015-2023 1-3 10-40
(2 Sat)
Wasowski et al. (2014): Investigating landslides and
TEI‘I‘&SAR—X—Z 3‘1 201 5—201 8 0_5—4 1 0—40 unstable slopes with satellite Multi

Temporal Interferometry: Current issues and future
perspectives. Eng. Geol. 2014, 174,
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Radar Satellite Timeline
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SENTINEL-1A a SENTINEL-1B

Sentinel 1A duben 2014
Sentinel 1B duben 2016
stejna relativni obézna draha - posun o 180°

Sentin

draha blizka polarni, slunec¢né synchronni

Sentinel-1 B

hlavni mod snimani o polarizaci VV a VH
moznost quad-polarizace
prostorové rozliSseni od 5 do 10 m Bonstelace Sentinel 14 a 18

ESA: Sentinel-1 User Handbook

repeat (orbit) cycle 12 dni, dohromady 6 dni

A+B
denni pokryti mezi +45°N a —-45°S
interferometrie

— interval globalniho pokryti max. 14 dni




kazky vyuziti SAR dat
* Land Use/Land Cover - klasifikace vegeta¢niho krytu -
zemédélskych plodin

Crop observation in Japan using CosmoSkymed

St \ R

Kumagaya fields: COSMO-
SkyMed © ASl/Italian MoD
Multitemporal image;

Red: 28/07/2008
Green: 26/06/2008
Blue: 25/05/2008

landtraining2011_
Eal ‘ @ 2%a Rice: R & B colour

: : 2 : May: ploughed soil
June: water

July: small plant kﬂ



Studie - Thiel et al. (2009)

klasifikace na zakladé nasledujicich proménnych:
minimalni / maximalni / primérny zpétny rozptyl kazdého pixelu ve v§ech snimcich
primeérna ro¢ni variace (MVA)
intenzity signalu

nejvétsi rozdily pozorované

pro polarizace HV

nejobtiznéjsi urcit trvalé

travni porosty

Fig. 2. Multi-temporal metrics of 14 ASAR AP HV polansation
mntensity images with a) MVA, ¢) annual minimum ¢, d) annual
mean ¢, b) Landsat ETM~+ image 04.09.1999 R4, G-3. B-1.



Studie - Thiel et al. (2009)

metody klasifikace: maximum likelyhood (MLC), decision tree (DT)
> obé s dobrymi vysledky

Unclassified
Waler

B Crassland

Tab. 2. Classification accuracy and confusion matrix of R DA W Agricullure
MLC using the annual mean backscatter. MVA and texture TR a2 B
derived from four VV and HV polarized intensity images / :
MLC VV & HV W Grasslan| Agnicult Settleme| User
ater Forest
(4 acq. Dates) d ure nt | Accuracy
Water 96.82 | 408 | 037 | 001 | 109 | 8866
Grassland 1.50 | 00.98 1.46 0.28 0 78.12
A griculture 1.06 4 87 05.03 1.75 16.91 95.85
Forest 0 0072 | 239 | 97.76 | 0.085 | 9834
Settlement 0.62 0 0.74 0.19 81.901 83.53
Prod. Accuracy 95.82 | 90.98 | 95.03 | 97.76 | 81.91 06.13

B .
D ¢‘. »
T . S

v DRI s 0/ : > Fig. 4. Result of MLC and accuracy using four VV and HV
pro dosazZeni piesnosti > 85 % je potieba: polarized intensity image pairs.

dvé polarizace (HH/HV nebo VV/VH)
nejméneé 4 data porizeni béhem vegetacni doby



* pokud je to mozné, je vhodnéjsi klasifikovat objektové s vyuzitim segmentace

-2 ,Salt-and-Pepper" Effect of conventional classifiers

¢ not usable in a GIS

Result of a pixel-hased
likelihood classifier

Wasser

tudie - Schmullius et al. (2013)

maximum-

Baume

Grunland

Kartoffel

Sommergerste

Mais

Hafer

Zuckererbsen

I




udie - Schmullius et al. (2013)

Segmentation




tudie - Schmullius et al. (2013)

objektorientiertes Klassifikationsergebnis (E-SAR) pixelbasiertes Klassifikationsergebnis (E-SAR)

ekxy ) X0 Aro

o000 00 000 LTXC

00G0Cs
[ e ]

[ e

oostres

MNCLLE Q00CE

oosees

ey

002TCY

AN

Ly e

AT

Prapctos UTW 2ove 12 Shiwod WOSE4 Deterr WOLD4 Poawuton UTY. Jewe 32 Shermd WS2AL Daveny A58
e 1008 Motery W00 O Vet

ot ) »
Logense
[ won arctw [ St ane Vege P ] Losanch
B covcase wo Aareses R | R [ Gervare Mae Bl e e
Gt e tmeer B e B e Bl o Sape Bl e
B e g Ao YL — e B R Zuartors
Lesorse Bl cerss B g B reerw B scomepense T o00e fna Wi, Sietany




udie — Schmullius et al. (2013)

* dalsim krokem k vylepseni vysledki klasifikace je kombinace SAR dat s
optickymi daty

-water
Bl urban area
Bl bare soil
[ peas

a :Iclover
p [_Jhop

|summer barley
[ |summer wheat

. [ triticale

[ Jwinter barley
wheat

sugar beet
grassland

-broad-leafed / mixed forest
- coniferous forest

LS-5TM combination
overall accuracy 77,9 84,0
kappa 0,78 0,80

Improvements for: urban areas, winter wheat, winter+summer barley, grassiand, corn, peas



Studie - Schm

/
ullius et al. (2013)

dalsim krokem k vylepseni vysledkt klasifikace je kombinace SAR dat s

optickymi daty

Results — potential for land use mapping
Multitemporal optical & SAR data — information gain

Classification results combined approach — overall accuracy for 20 classes — 30
reference pixel per class

10.07.

Exclu- | SAR - SAR - SAR - SAR - SAR - SAR -

ding HV, VV, | HV, VV HV, HV VV, \"A")

SAR texture, texture, texture

HV-min HV-min

SAR 80.2 77.9 73.3 71.9 64.3 65.2
LS 21.04.05 52.8 82.8 81.8 80.4 80.4 75.8 76.8
LS 10.07.05 68.3 82.4 82.7 83.6 82.2 80.1 80.6
LS 21.04. & 77.9 83.7 83.7 84.0 83.8 82.9 82.5




Data z druzice Sentinel 1A 2.10. - 2.12.2014, pohyb povrchu v dusledku
cerpani podzemnich vod, Mexico City

zdroj:
http://www.esa.int/spaceinimages/Images/2014/12/Mexico_City_subsidence
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Vertikalni posuny pfi zemétreseni v [talii 2016 (26.10. a 1.11)
http:/ /www.esa.int/spaceinimages/Images/2016/11/Mapping Italy_s_30_October_
2016_earthquake
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Na zaver

Je pomérné snadné podle tutorialt zpracovat vlastni
data (zejména Sentinel-1), ale velmi nesnadna je
interpretace vysledk, ktera vyzaduje komplexni

znalosti o radarovém snimani a porozuméni metodam
a prednastavenym algoritmtm



