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Passive Remote Sensing
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Sentinel-2: scanning every part of the planet every 5 days

Sentinel-2A and 2B fly in tandem on a polar orbit.
One orbit takes 90-100 minutes, with 50 minutes
between the satellites. As the Earth rotates below,
the two satellites see different things to form a
detailed, composite image.

Ascending Orbi

Descending Orbi =

Source: ESA _ _ _
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Comparison of Landsat 7 and 8 bands with Sentinel-2
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nmsidszgnd l¥ multispectral image (passive)

o unuinnslddsylemiinu a1n color composites ( true color / false color
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 Normalized Difference Vegetation Index (NDVI)
* Normalized Difference RedEdge Index (NDRE)

* Normalized Difference Water Index (NDWI)
 Normalised Difference Snow Index (NDSI)
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Active Remote Sensing
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Al taz Yenaves Active Remote Sensing
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ERS-1 SAR, 11.25 a.m. LANDSAT TM, 9.45 a.m.

Ireland: 09/08/1991 -



Active RS by Radar and SAR
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Radar = RAdio Detection and Ranging
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Synthetic Aperture Radar (SAR)
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RADAR SAR

Radio Detection and Ranging Synthetic Aperture Radar
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Transmitted signal

W

eflected signal

Radar System
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Satellite Imaging mode Maximum area Time of
(operator) (spatial resolution) covered operation
Staring Spotlight
TerraSAR-X (DLR) 4 x 3.7km 2013 — today
(0.6m)
COSMO SkyMed (ASI) Spotlight-2 (0.8m) 10 x 10km 2007 — today
HRWS (DLR) StripMap (1m) 70 x 70km expected 2019
TerraSAR-X (DLR) Spotlight (1m) 10 x 10km 2007 — today
Radarsat-2 (CSA) Spotlight (1m) 8 x 18km 2007 - today
Radarsat-2 (CSA) UltralFine (3m) 20 x 20km 2007 — today
ALOS PALSAR-2 '
Spotlight (3m) 25 x 25km 2014 — today
(JAXA)
RISAT-1 (ISRO) FR Stripmap (3m) 25 x 25km 2012 — today
Sentinel-1 StripMaep (5m) 80 x 80km 2014 — today
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Hires X-band Satellites (A=3cm)

e PAZ
* launched 2018

* TanDEM-X TDX
* l[aunched 2010

* TerraSAR-X : TSX
* launched 2007

* NISAR (NASA-ISRO)
e launch 2022
 FREE!!!
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Sentinel-1 Constellation Observation Scenario:
Revisit & Coverage Frequency

"‘\ sentinel-1

valigry start: 02/2018
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Radar remote sensing

THE ELECTRO/AGNETIC SPECTRUM
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L-Band C-Band
A=23cm A=6cm

SIR-C image
Landes Forest, France

L-Band, 26° (%)

High penetration capabilities
in canopy. Application:
Biomass cartography
(CESBIO origin )

25
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Polarization in Radar

* HH - for horizontal transmit and horizontal receive,(HH)
* \/V - for vertical transmit and vertical receive,(VV)
* HV - for horizontal transmit and vertical receive(HV), and

* \VH - for vertical transmit and horizontal receive(VH).
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Figure 3: TerraSAR-X image (spatial resolution of 1m) of the Djabal refugee camp and the city of Goz
YELd4a, Eastern Chad. Left: Unfiltered RiIgKts A& aPpiddtion of a speckle filter, which uses 1bcal
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Figure 6: RGB colour composite of TerraSAR-X scenes for the Minawao refugee camp, Cameroon.
Red: 12.07.2015, Green: 25.08.20195, Blue: 26.10.2015. Note that the blue image was acquired from a

different direction, leading to shadow-like structures next to the trees.
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Foreshortening Shadow Layover
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Figure 2: Topographic effects in SAR images. Note how A’ and B’ appear closer together in the SAR
image, caused by the temporal shift of the signal (foreshortening). In cases of steeper slopes, some
parts of the image are not reached by the signal at all (the location of F' is within the radar shadow).
In cases of signal layover, the signal reaches the top of the hill before its slopes, leading to inversion of

geometries (H' G').
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Standard beam
position 1:
acquired Feb.12, 1996

From: RADARSAT Geology
Handbook
(RADARSAT International), 1997

o Look
Ti(Direction

A » S
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Radar Sensitivity to Biomass
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PolSAR MLC Images
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Preprocessing

\ 4

DCNN based Sea-
coast-ship Classifer

\ 4

Modified Faster
R-CNN Detector

\ 4

Targets Fusion

Detection

Results
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Oil Spill detection using Sentinel-1

8 October - 07:28 CEST
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Radar Satellite System



SENTINEL-1

S

Sentinel 1A/ 1B

* launch :3Apr2014(1A) 25Apr2016(1B) mmSE—t—
* A single C-band synthetic-aperture radar (C-SAR) ——
* Near-polar (98.18°) Sun-synchronous orbit

* 693 km (431 mi) altitude

e 12-day repeat cycle

e four operational modes:
 a) Strip Map (SM) 5x5m @50km swath
* b) Interferometric Wide Swath (IW) 5x20m @250km swath
e c) Extra Wide Swath (EW) 25x100m @400km swath
e d) Wave(WV) 5x20m @100km



Product Level from Acquisition Mode
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Sentinel-1 products

e Raw Level O data

* Processed Level 1 Single Look Complex (SLC) data:
* Complex images with phase and amplitude of specified areas

* Ground Range Detected (GRD) Level 1 data:
* Only systematically distributed multi-looked intensity

* Level 2 Ocean (OCN) data:
» Systematically distributed data of ocean's geophysical parameters



Interferometric Processing



Interferometric Synthetic Aperture Radar
(InSAR)
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INSAR studies phase difference between two SAR images to
measure changes in distance

R' =R+ AR

e - \‘- - f‘f

ARy

/" Surface
displacement
in radar LOS

Phase change is directly
related to change in distance

__--__
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Temporal Baseline
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Perpendicular Baseline
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Sentinel-1 vs. TerraSAR-X
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Sentinel-1 vs. TerraSAR-X sl A
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We can extract more information by combining ascending and
descending geometries

Descending Soes
satelite __.---""~
)

o A e
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Hong Kong
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MIST 1 Radar Imaging from Cloud

and Its Application
wuuAnya Msdszena lgnimsaisonszuu cloud

service




A

1511w

Uszanatnaansniaiamenisad @ew time-line “Incident ...”
mnnsafvaauasiundne AOLkml sqe Google Earth polygon
Anenis g AWS Sentinel-1 uaz AWS Sentinel-2 vinnsasnzidaunau

NaaASNINENEAENTtn passive RS
* Sentinel 2A/2B Puauna <50% dnnw (asc/dsc)

wnldnnaraaaman active RS

* Sentinel 1A/1B finwnnn analuannw (1den georeference ) uanmuinaines fstanin SuUAN
* 3autime-line “Data Availability ...”

o
ANGANINTA LA

o Lfaanun 1 ¥anan @euw python / rasterio atuau “flood mask”

e If Sigma0_VV < 0.02 then “flooded”
* Ref: youtube - RUS Webmar FIood Mapping with S1 — HAZAO1

v [

WUNUNIaN = WHV]‘L&TV]’JN‘INVNWAN@ - WM‘V]LLV@\‘IH’]SLHMQ\‘]L')@T]JT]W



Ex1 Flood Monitor via Radar on
AWS Cloud Service



GADM : Database of Global Administrative

GADM Maps Data About

Areas

10/28/2020

Download GADM data (version 3.6)

Country

Thailand v

Geopackage

Shapefile

R (sp): level-0, levell, level2, level3
R (sf): level-0, level1, level2, level3
KMZ: level-0, level, level2, level3

The coordinate reference system is longitude/latitude and the WGS84 datum.

.. : Active R te Sensi P.Santit t 57
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A = | (oY I 1 o w A (oY Soj 1
Renmwaiendn 3-4 sanan (neu /mauna/ was) Hinau

Four Sentinel-1A IW GRDH images with VV polarization acquired before the flood event on 29
December 2014 and during the flood event on 22 January, 27 February and 23 March 2015
[downloadable @ https://scihub.copernicus.eu/]

S1A IW_GRDH_ 1SSV 20150323T030724 20150323T030752 005153 0067F3 832F.zip
S1A IW_GRDH 1SSV 20150227T030723 20150227T030752 004803 005F89 DBG6S.zip
S1A_ IW_GRDH_ 1SSV 20150122T030723 20150122T030752 004278 005347 8809.zip
S1IA_IW_GRDH_1SSV_20141229T030724 20141229T030753_003928 004B86 DA25.zip
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Flood Monitoring : VV orthorectified
decibel/linear = actual data gamma0—>
visualize

< @ EO Browser

Q Search :=Results  Visualization

X Pins

3 Enhanced visualization - orthorectified

VH - decibel gamma0

t VH - decibel gamma0 - orthorectified

VH - linear gamma0
B VH - linear gammal - orthorectified

VV - decibel gamma0

f ):i" VV - lin=ar gammal

Powered by rgise with rontribufions from the European Space Agency
v2.20.3

BE A5

SENTINEL HUB CUSTOM SCRIPTCONTESE e VIGREE. BNV o ‘ ¥
BREN  THE DEADLINE IS EXTENDED T0 JANUARY 31ST20201 ) EEEICAESISERES R R N DO W e, . TULE R — >




Download AOI : TIFF or KML

Basic Analytical High-res print

TIFF (32-bit float)

‘

HIGH

WGS 84 (EPSG:4326)

n
n
n
n
n
n
n
n
n
n
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Ex2 Radar RTC Processing



TRAINING KIT - HAZAO1

FLOOD MONITORING WITH SENTINEL-1 USING S
TOOLBOX - JANUARY 2015, MALAWI

Generating a Radiometrically Terrain Corrected (RTC) Image
using the Sentinel-1 Toolbox (S1TBX)

This data recipe is for users who wish to generate an RTC image from Sentinel-1 data
using easy-to-follow instructions in a graphical user interface (GUI).

Document Contents:

L I = 1= 11 (o o 10 Lo RS TRRR 1
B) MaterialS List. ... ...t et e e e e e et e atnnnnneaeas 2
C) Preparing Software and WOTKSDACTE...... ..ot e e e e e e e e e e e e e e e e e e neanenns 2
D) Steps for Generating @an RTC IMage........uuemeeeeeeeee e 2
Open the GRD granule in STTBX ......oo oottt 2

Apply Radiometric Terrain COrr@CON ........c.ocviiiiiiii et 3

E) OPTIONAL: View RTC Image ina GIS Program ...........coooooiiiiiooi oo 8
(o6 | USSR 9

QUGS .ttt ettt ettt e et e et e e et e e e nneaeeennneas 10

QGBS 2.8 e 11

QUGS B X ettt n ettt e en e e e neenn e s 11
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OPErMICUS

A Advanced Search

» Sort By:
Ingestion Date
» Sensing period

2020/01/22

» Ingestion period

& Mission: Sentinel-1

Satellite Platform

Polarisation

v

Relative Orbit Number (from 1 to
175)

10/28/2020

» Order By:

Descending

Product Type
GRD

Sensor Mode

Collection

Copernicus Open Access Hub

Active Remote Sensing (P.Santitamnont)
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le Edit View Analysis Layer Vector Raster Optical Radar Tools W

s onELase XS oA

GCP

Product Explorer X | Pixel Info ] [1] Am,

o

& [1] S1A_IW_GRDH_1SDV_20150513T10063
3 Metadata
(23 Vvector Data
- [C3 Tie-Point Grids
&3 Quicklooks
i 8D Quicklook
&3 Bands
@ Amplitude_VH
] intensity_vH
-8 Amplitude_vv
E] intensity_wv

| Col... |Unc [1] Intensity_ W X
» \’:‘#}'" v <

Cochabamba

Off Globe




Radiometrically Terrain-Correc
(RTC)



ASF RTC Product

* SLC -> GRD (RTC)
e procSentinelRTC_Receipt.py

e Search : sentinelsat / Python
 https://pypi.org/project/sentinelsat/

 HAZAO01_FloodMapping_Malawi_Tutorial.pdfa
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Backup Slides
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Radar geometry

Slant-Range Display
versus Ground-Range Display

I
TA I l depression
Sy 2 B angles
..... \Y/
PRI f,”"e
(S Cq s,
Q e [0) [617
B K ao;; e ¢
2
b e
...... \ o /

L W field 42” “f field
“TF—A—+ [<—B—

Ground-range (distance) on corrected radar image
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= L] - — B | || [ . ] .'E

Slant geometry distorts both
radiometry &geometry

10/28/2020

slant range

altitude

-
-
-
=
—__._____.-—-""_.__:
[]
]

I terrain
4 : : : ! : 5
F : + L+ 8 . S

(' ground range 1 2 3 4 5 6 7
- Foreshortening Layover Shadow
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Fusion LandSat8 with RTC radar image
Note the incoherent appearance.

. PALSAR L1 5 uncorrected and Landsat 8 VS PALSAR RTC and Landsat

10/28/2020 Active Remote Sensing (P.Santitamnont)




ICESat-1 (2003-2010)
over Tha|land and Pasak Dam :
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