Water bodies mapping
SAR principles
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Wavelenghts pertinent for water surface mapping/monitoring

Flood under
. Hydrology + vegetation
Mapping+ land cover/use Biomas Biomas
reconnaissance DEM under
intelligence forest
Bandes Ka K P
Fréquence
(GHz) 40-26 5 26.5-18 4-2 2-1 1-0.3
EF’”QUEUF 075-11 [11-167 |167-24 |24-375 | 37575 [7515 |1530 | 30-100
onde (cm) |
Polarisation HH, VV, HV, VH

Images acquired in X, C, S, L Bands are potentially suitable for water bodies mapping
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Wavelenghts pertinent for water surface mapping/monitoring
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Why SAR is a performing tool for

water bodies and flood mapping ? f=1.3 GHz (L band]

=53 GHz (C band)

....... =9 6 G Hz (X band)

Near all weather capability

Day & night capabilities —

i I
Relative large swath = S
E10- @
Relative good revisit Tﬁen &
3
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On SAR data water surfaces B
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have low values of BS
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But local weather (wind/rain)
effect altering the signal
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setni-e mpitical function of backscatter coefficient o
as a function of incidence (for a mean sea), for 3 different radar hands
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Why SAR is a performing tool for water bodies
and flood mapping ?

f=1 3 3 Hz (L bard)
£=5.3 3 Hz (C band)

_______ =0 6 GHz (X band)

Therefore sensibility more or less important
depending of the wavelength to:

*  Acquisition parameters (incidence angle

*  Wind locally can alter the surface roughness

¥00¢ ‘114es wouyg

* Rain locally can alter the signal path

(I (VT [N (R (R (A < L R T
Incidence (deg.)

gemi-e mpirical function of backscatter coefficient o°
az a fiunction of incidence (for a mean sea), for 3 different radar bands
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Water backscattering in function of incidence angle

20°® Increasmge mcidence 7° a1 26°

From Sarti, 2004
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Water backscattering in function of incidence angle

Dongting | aké
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Water backscattering in function of incidence

WSM ASAR 09-06-2009 Universite |
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Water backscattering in function of incidence angle




Water backscattering in function of incidence angle
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Dongting lake

Ascending pass

27 August 2010

Local incidence angle = 26
Plus wind and/or flooded
vegetation effect? °




Water backscattering in function of incidence angle




Water backscattering in function of incidence angle

Case of two acquisitions £
acquired with a delay.of 24 mn ¢
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Water backscattering in function of incidence angle
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Water backscattering in function of incidence angle
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Water backscattering in function of incidence angle

13-04- 18"18h09
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Water backscattering in function of incidence angle
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Water backscattering in function of surface roughness

A varies

\\ from
/}/ \//Ak Specular K 1em

X 3cm

C 5.6cm

S 10cm <<m HJ-C

L 23cm ALOS PALSAR

H>MA/2 P 70cm

Case for bare soils
Rayleigh criterions ,}/ % , Difuse
®

VH being less sensitive than VV

Adapted from Sang-Ho Yun, NASA JPL
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Water backscattering in function of surface roughness

S
Case of water surface
N in various
environments

Brighter

Adapted from Sang-Ho Yun, NASA JPL
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lllustration
of SAR
yAREE limitation in

No water observed dowtown
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SAR and Urban area: December 2016 Flood in York, England, based on Radarsat 2 imagery:
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SAR and Urban area: December 2016 Flood in York, England, based on Radarsat 2 imagery:
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PALSAR bande L HH, Water backscattering in function of surface

ScanSAr mode, roughness
10h56 the 2010 03 01

S0 Low tide
Muds and sand
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Water backscattering in function of surface

TerraSAR X: 2010 03 03 roughness

Windy Condition
Rough water surface

Backscaterring increase

(ames ‘
S Gafer
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ASAR ENVISAT Water backscattering in function of surface

APP HH HV, roughness
10h18 the 2010 03 04
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Water backscattering in function of surface
roughness

TerraSAR X: 2010 03 06
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Influence de la rugosite sur le signal retrodiffuse

\\ \\k“\k

Oil Spill Detection and Monitoring K\\esa

Persian Gulf, 8-11 Mar 2017 skyiruTH B Atlantic Ocean off Huelva, Spain,
R , - | 4 \pr2018

Image Credit European Space Agency
March 11, 2017
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COSMO SkyMed Second Generation Spothght ‘Dual Pol
.on 21/09/2021 07 14 UTC
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Influence de la rugosite sur le signal retrodiffusé

Skneration Spot | ‘7' ¢

S 5 i Al # ol
Palma, Canary Islands, SPAIN
298 09 2021
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SAR: All weather system
Yes but !!!]

Distortions 1n the SAR observational data come from
various factors.

- : B\
AbSOI‘pthH Observation| Example of |Meteorological FR
by the atmosphere  ||Frequency|  SAR Particle
._( oxygen, water vapor, and so on. ) )
P . S TerraSAR-X . .
SCaﬁeI'lIlg X'Band (9 65 GHZ) Impnrtﬂnt NEg]]glblE
by the weather particle S ADARSALA
( Rain, snow, fog, and hail, etc. ) _ )
; (| C-Band | (5 405G117)
Faraday Rotation (FR) PAILSAR
| Phenomenon of polarization rotation|) I .-Band Negligible |y1,n0rtant
\ y (1.27GHz) g
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Signal attenuation by clouds and rain for smaller wavelengths
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Water backscattering in function meteorological condition : rain

)
ugust 2015
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Water backscattering in function meteorological condition : rain




Water backscattering in function meteorological condition : rain

The




Water backscattering in function meteorological condition :
Raln and wmd




Water backscattering in function meteorological condition :
Rain and wind

Lt = -

WSM HH, 75m, Poyang Lake,
08-10: classical wind cells, increase of water surface
hness




Water backscattering in function meteorological condition :
Rain and wind

SR T Al e T, S ey S M N YT
ENVISAT ASAR WSM HH, ake, China, 200
08-27: wind storm cells
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Water backscattering in function meteorological condition :
Rain and wind
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ENVISAT ASAR WSM HH, 75m, Poyang Lake, China, 2007-

08-27: wind storm cells ,
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Water backscattering in function meteorological condition :
Rain and wind

Sentinell
C Band
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Influence de la meteorologie sur le signal retrodiffus
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Water backscattering in function meteorological condition :
Wind

CSK Huge, 100m, Poya
storm cells
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Water backscattering in function meteorological condition :
Wind

CSK Huge, 100m, Poyang Lake, China, 2011-08-22: wind
storm cells
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Water backscattering in function of water
surface roughness: rain & wind

CSK Huge, 100m, Poyang Lake, China, 2011-08-22: wind
storm cells
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Water recognition in function of meteo conditions
Wavelength dependencies

C band:
1 image ASAR ENVISAT en bande C, over +200 analyzed
Few Sentinell case one reported on the Web, one on Poyang

X Band

1 image CSK Huge, over 15 analyzed (China)...

1 TerraSAR X Stripmap, over 5 analysed ( Ivory coast

1 TerraSAR X ScanSAR, over 3 analysed (Niger : attenuation and
huge backscaterring

1 CSK, over 2 CSK (Myanmar)

» 1 over 15 Kompsat 5, Florence Cyclone September 2018
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Water backscattering in function of

cloud /precipitation : country with contrasted

rainy/dry season
Very high sensibility to rainfall and clous in X b

Be careffull!!

B backscattering and attenuation of radiation by hydrometeors in the rain cells;
B Backscattering of sea induced by the impact of raindrops and wind.

Surface
Yg, backscattering
S s Precipitation
O backscattering
‘e, Precipitation path
attenuation

Far beam
edge

Baldini et al., 2012, from Meteo Italy
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Presentation outline
Introduction: Why water bodies and flood mapping and monitoring

Flood and lakes in the landscape

Short cut of Physical basis for Water bodies mapping

Elements for water bodies extraction based on SAR imagery

SAR sensors for water bodies and/or flood mapping

. Past mission
. On going missions
. Future missions

Flood plain and lakes monitoring

. Short term Monitoring
. Long term monitoring
. Meteo climato parameters

Concluding remarks

H. YESOU 2017
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Former, actual and future SAR missions valuable for
water surface mapping/monitoring

Flood under
_ Hydrology + vegetation
Mapping+ land cover/use Biomas Biomas
reconnaissance DEM under

intelligence forest
Bandes Ka K P
Fréguence
(GHz) 40-26 5 26 5-18 4-2 2-1 1-0.3

LPHQUEUF 0.75-1.1 1.1-1.67 167-24 §24-375 | 37575 | 7515 |15-30 | 30100
d'onde {cm)

Polarisation HH. VV. HV. VH

Images acquired in X, C, S, L Bands are potentially suitable for water bodies mapping

. @TheEj



Former, actual and future SAR missions

8 l T T T T T

Tandem-L 2 (L/B) e—
mm L-band mmm C-band Tandem-L 1 (L/8) se——

pm S-band mmm X - band SAOCOM-1B (LM16)
SAOCOM-1A (LI16)

ALOS -3 (L/14) m—
ALOS-2 (L14) p—
ALOS=1 (L/46) m———

HA.DA.HSAT Constellation 3 (CH12)

RADARSAT Constellation 2 (C/12) m——
RADARSAT Constellation 1 (C/12) ——

: RADARSAT -2 (C/24) oo e—
HA%“ESATT'F ) o — L o . _|
: Sentingl-10 (CA2)
Sentingl-1C (C/12) m—

Sertingl-1B (G 2) ———
Sentinel=14 (C12)

Envisat-ext (C/30) -

Emvizat (C/E5) m

4F
HRS-2 (C/35)
ERS-1 (C/35)
COSMO-SkyMed Sec. Gen. 2 (X/16) e ——
3 COSMO-SkyMed Sec. Gen. 1 (X/16) S ———
COSMO-SkyMed 4 (X/16) m———————
MO—SkoyWied 3 {30115 )

~SkyMed 2 (X/16)

2 | 16) —mr-..ws,n.‘r_ﬁ (3/75) sl
KOMPSAT =5 (X/20)

HRWS (X/11) a—

C TerraSAR=X Next Gen. (X/11)

1 - PAZ (X1 1) ———

TanD x:xm] |
TerraSaR=X (X/11)
1993 1998 2004 2009 2015 2020

From Sang-Ho Yun, NASA JPL Year = Theia
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1978 :
1981 :
1984 :

1991 :
1992 :

1994
1994

1995 :

1995

2000 :
2002 :
2006 :

Former & old missions: precursors and rich archive

First civilian SAR, SEASAT (USA).; 108 days
SIR A Mission, on board on US Shuttle , band L
SIR-B, Mission, on board on the US Shuttle, Band L, 5 - 13 October 1984

ERS-1, ESA, launch 17 of July 1991 and ended in march 2000
J-ERS , Japan

: SIRC X SAR, two shuttle’s missions (10 days: 9-04 - 20-04- 1994 and 30-09 - 11-10-
.Bande L, Cet X

ERS-2, in tamdem with ERS1 , ended in September 2011 (16 years of operation)

: RADARSAT 1, Canadian Space Agency

Mission SRTM, topographic mission on the shuttle , 11-22 February 2000
Envisat, Europeen Space Agency endend 12 of May 2012

PALSAR's L-band SAR, on ALOS mission (ended in 2011)
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Importance of the Archive: Flood memory
Radarsat over 1998 Yangtze historical flood
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2010 flood event is an important one in Poyang last decade history
2010 extent (3354 km? ) no far to the 2002 extent ( 3392 km?)
2010 much smaller in term of extent than 1998 (4116 km2)
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ERS1-2

ERS 1 launch, 1991,17 of July
ERS 2 in 1995, 21 of April

C Band, VV

Cycle: 35 days
Cycle: 3 days

Cycle: 265 days, Geoid & bathymetry

Operational mode Band Center Folarization Incidence angle Spatial Swath width

SAR Imaging mode . LV {linear vertical}) | 237 at mid-swath
SAR Wave C-band | 53 GHz LV 23" +0.5° 30m S5kmx 5km
AMI-SCAT (wind) C-band | 53 GHz Lv Faore/aft: 25°-29° 50 km 500 km
Mid: 180-47¢°

M ae o | Q%TQ?EJ




ERS1-2

ERS SAR data have been wordily
exploited for flood mapping

(cf numerous papers on ESA
conferences)

* Thames flood 1992

« Camargue flood in 1993

* Meuse flood 1993-1994

» Aude flood 1996

* Oder flood in 1997

* Chinese flood in 1998

« and many more...

Exploiting mostly the Amplitude

ERS Mosaique over the Oder river :

III de Strasbourg

—
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Flood mapping based on ERS 1 - 2
Camargue flood event: November 1993
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Flood mapping based on ERS 1 - 2
Y. e e VNN

L3 3+ .
i T s
1 - T -
X %‘_ L A:_‘f ra!
L

g =
A bt

3 days mode frdm winter 93 to spring 94
Map of water permanency during the Meuse flood draw off in spring 1994
(Yéesou et Chastanet, 2000)

ERS: experimental

H. YESOU 2017 m".
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Few examples of

Coherence Flood mapping based on ERS 1 - 2 INSAR

exploitation
Aude 96 flood event

ERS-2: 7 8 1995
ERS-2: 29 01 1996
ERS-1: 28 01 1996

Acquisition near the
maximum of the ¥ g S0 LNy AN pes 3 _
flood LR e B R _."7:, amEel 1y e EL B I{)‘r,l‘);;;(\/(if,[; >

i B | SR AT e o AR AL SRR “ﬁ e e
2 consecutives B £y e R AT WG
images ‘ 5, s A S R D SO

Exploitation of the 3 e 77 i er 0 8, i &
phase information: e 4 Q 'f.*.‘.: \» LW R oan San
lost of coherence on | ANy B o Bk

water surface

(© CEMAGREF 1996, © ESA, 1996)

(Marinelli et al., 97 ;

Nico et al., 2000 ; , :
Sarti, 2004) ia @Theﬁj




sed on ERS 2

(RS S5 Actios e 30
Frooue 103

POLAND
Tamobrzeg Powdat - Sandomiee area
Wiska River - Flood impact
Situation the 19th of May 2010
Locaton Dagiams.

Thanks to ERS2
availability

1srt image acquired

1srt product
generated over
3‘*"’“‘“"” Poland Spring 2010

o.--.-.
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ASAR ENVISAT: flood mapping

H.YESOU 2017 =B
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ENVISAT water
recognition potential

DRAGON ESA MOST
APP image

Stripe of two images
HH-HV (diff HH-HV)

20-02-05

<Theia




ASAR ENVISAT: flood mapping

ASAR ENVISAT good successor of ERS with improvements:

1 — Better water recognition potential

« most of case HH mode >> HH-HV >>>>> VWV N \\

* particular case of S1: HV >> HH >>>>VV TS IS

2- Better revisit thanks to: \ = =0
- Multi beams S —"———

* Wide Swath mode
3 — Flooded low vegetation recognition
See for example Ferrazzoli P., Karszenbaum H., Grings F.

Also in some favourable cases, possibility of identification of flooded
forest thanks to double-bounce phenomenon

universicé | [NEG
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r*lJ‘/ J,} flood rapld mapping

.'_A f"

% 'SPOT image over the
y L =% e . Adour flood after the

o _ ¥ . ¢ = Klaus storm, January
Vs ., . T 2009

meters
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Insar Ers- Envisat tal’iﬂem- |
Innovative product : :
Adour flood after the Klaus storm,_ |
January 2009 e

PPUE A b AND ENATE ICERNGINIA.
& CT A VRIS Y IO B O EINOTINGT {

e | o S
e Ll <>Theia



On going SAR Missions

2007 : June launches constellation Cosmo Skymed constellation , and Terra SAR X
December: Radarsat 2

2012 : launch of RISAT (ISRO), operational mode in 2015
2014 : Launch ALOS 2, bande L

2016 : Gaofeng 3, C band (Quad Pol)
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SENTINEL 1

The Sentinel-1 series : part of the GMES programme
SentinellA, 2014 SentinellB, 2016

Priority : ensure continuity for C-band data
Improvement of SAR signal (30% better than ENVISAT)

Multi mode

e Strip map: 80 km swath , 5m

¢ Interferometric Wide swath mode IW, 250km, 20 m
e Extra wide EW Swath , 400 km , 25x100 m

e \Wave mode, WV, low data rate, 5x20m

e Swath 250 km

Polarisation modes:
e \VV or HH in wave mode
e Selectable dual pol for all other mode HH+HV; VV+VH

(Qpﬁl;ﬂg&{ﬁ

universite
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Copernicus missions (ESA) exploitable for hydrology

2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027

] , =
(2

-ﬁ'—‘"’—”ﬁa—l ] Sentinel 1C (recurrent)

| Storage )

Sentinel 1D (recurrent)

Sentinel 2A

i Sentinel 2B (

_____ 1A i Q Sentinel 2C (recurrent)

e —— T TUC—, | S— e S—————
Sentinel 2D (recurrent)

i S SR o

Water Surface | | | | [ o L
f
( z: aEE |
FAR :
| orgounfsomge || [rar] (T entinel 3C (recurre
& e e z e 3
Sentinel 4A delfvery to MTG-S (tbc) ’ Integration '
Senfinel 48 delivery to frc-s toc) [ [ES SRl 2 Sentinel4B-On-ground Storage (FARQ1/2029)
@! FEEEEE] Sentinel 5 Precursor
Sentinel 5} delivery to MetOp}sG } Integration Sentinel 5A (on MetOp-SG A)
Sentinel 5B defvery to MetOp-Sb {tbe) >-
Water Height

Gp?! Icus




SENTINEL 1

GRD Level 1
product

Operational Modes

resolution

Polarisation

L S acde @ HH+HV or
: 50m (3 ENL) > 400 km VV+VH
crometric Wide 20m (5 ENL) HH+HYV or
\ntm"m e (W)
RS > 250 km -\ vH
HH+HV or
9m (4 ENL) > 80 km VVAVH
20x20
50m (140 km?2 at
spacing

Interferometric Wide (IW)
default mode over land
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SENTINEL 1

Acquisition mode Product Resolution Resolution (range Pixel spacing Mo of looks ENL
type class x azi) (m) (range x azi) (m) (range x azi)
SM (Stripmap Mode) SLC - 1.7x43t036x 1.5x36t031x 1x1 1 IR
4-9 4-1 Ambigu ties (DTAR) : 2248 a s
Figure 129: Overview of the Sentinel-1 C-SAR instrument observation scheme and operational support
GRD FR Ox9 4x4 2x2 39
HR 23x23 10x10 6x6 344 ™ )
(opernlcus
MR 84 x 84 40 x 40 22x 22 4647 === (Rmopekeyes on Exth
W SLC - 27Tx22t035x22 | 23x174t03x 1 1
(Interferometric Wide 17.4
Swath)
GRD HR 20x 22 10x10 5x1 49
MR 88 x 88 40 x 40 22 x5 105.7 -
210
EW (Extra Wide SLC - 7T9x42t0144x [59x34T7t0125x 1x1 1 5.2.:. 1
Swath} 43 347 — 30
% -~
GRD HR 50 x 50 25 % 25 3x1 3 A8
MR 03 x 87 40 x 40 Gx2 12 0 : : ; | ! : : ]
010 T I} 40 W@ T0 80 o
WV (Water Vapor) SLC - 20x48and 31 x [ 1.7x41and 2.7 x 11 1 Incidence (deg.)
48 4.1
GRD MR 52 x 51 25x25 13x13 139.7
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Bosnia and Herzegovina

May 2014
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Flood - 01/08/2015
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Myanmar
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overflow and flooding in August 2015
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Heavy monsoon rain caused river

overflow and flooding in August 2015
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Sentlnell data ach|S|t|OnS durlng the MEUSE river (Commercy) : Sentinel1 data acquisitions
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RISAT

Indian satellite

C Band

Launch: 01 May 2012

e Swath: 10 to 223 km

e Single : Dual Pol (HH+ HV) + Hyd Polarimetry

Resol (Az Beam
rang
SpotLight Dual-hybrid
Stripmap 1 FRS-1 3*2m 25 Dual-hybrid
Strip map 1 FRS-2 6*4m 25 Quad pol
MediumSc MRS 25*8m 115 Dual-hybrid 6
anSAR
Coarse CRS 50*8 223 Dual-hybrid 12
ScanSAR
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RISAT-1 image of 14-Aug-2014

‘ o

RISAT-1 image of 08-Sep-2014
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The VHR and polarimetric SAR:

X band VHR SAR: TerraSAR, CosmoSkymed
C BAND: RadarSAT II: VHR and Full Pol
GAOFENG 3: VHR and Full Pol

L Band : PALSAR Il bi & Full Pol, large swath ScanSAR
mode




The VHR and polarimetric SAR: TerraSAR, CSK

X band VHR satellites

e Cosmo-Skymed: Italian, Launch: 08-06-07 , Constellation
of 4 Dual civilian-military

e Terra SAR: German, Launch: 15-06-07

Multi mode, Spotlight, Stripmap, ScanSar
Pol capabilities

SpotLight Mode

StripMap Mode

ScanSAR Mode

TerraSAR 2013: New operational Imaging Modes
* Enhanced Spotlight Mode (Starring Spotlight).
* ScanSAR :expanded swath width (200 instead of 100km).

=Theial|

Funvesie ||
T de swasbours |



Cosmo Skymed

5m

Po Delta, Italy

©f/ASI| 2007
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Water bodies mapping based on Cosmo Skymed Data:

b 1
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Water bodies mapping based on Cosmo Skymed Data:
Poyang lake China

3
@ : ; -‘.
i
: ; i
‘

Fish traps on Bang Hu
viewed by
CosmoSkymed,
SpotLight image
acquired the 31 of
January 2011
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Multi resolution SAR

Multi resolution
Multi- temporelle

<>Theia
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The VHR and polarimetric SAR: Radarsat

C band : Radarsat II: Canadian, left right looking
Launch: 14-12-07 C

e High resol mode, 3m band

e Full polarimetric mode (scientific)

— All beam modes Subsatsllite Track

available in both Extended Baams
right- and left-looking (Low Incidencel
modes,

Fine-Resolution
Baams (50 km Swath)
Wide-Swath

Harrow Beams

’
250 km < ’
250 km
Em -
@ Theig !
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Satellite Velocity Vector

= ScanSAR Wide

- = Ocean Surveillance
i "EendedHiEh g b i
= Extended Low
>@ 2 m Standard
: PO i | = Wide Standard Quad-Pol
i : / - -1 = Standard Quad-Pol
| i 1 Wide Fine Quad-Pol
: S LT " Fine Quad-Pol
: <1 WideFine
i P - . ! Fine
: P e 1 Wide Multi-Look Fine
i/,/' o[ % Multi-Look Fine
& /’.\'\z it " ExtraFine
T o Wide Ultra-Fine
/ * f # Ultra-Fine
= Spotight All RADARSAT-2 beam modes available in right-looking (shown) or left-looking (not shown)
Resolution
Highest ; s P Lowest
Spotlight B : - 3 ScansAR Wide 113594R11.CW
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RMC Characteristic

Beam modes Nominal swath width (km) Approximate resolution (m)
Low Resolution 100 m 200 100 x 100
Medium Resolution 50 m 350 20 x 50
Medium Resolution 30 m 125 J0x 30
Medium Resolution 16 m 30 16 x 16
High Resolution 5 m 30 x5
Very High Resolution 3 m 20 Ix3

Low Noise 350 100 x 100
Ship Detection 350 Wariable
Spotlight 14 [5 km in azimuth] 1x3
Quad-Polarization 20 9x9

http://www.asc-csa.gc.ca/eng/satellites/radarsat/radarsat-tableau.asp
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Exploitation of VHR SAR: Radarsat Il
Nargis typhoon Maynmar
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Exploitation of VHR SAR: Radarsat Il
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Exploitation of VHR SAR: Radarsat Il
Nargis typhoon Maynmar




Exploitation of VHR SAR: Radarsat Il
Nargls typhoon Maynmar

Fine resolution
allowed to
derived a very
R e, Nl § o ‘ innovative
' TN R information from
oy a single crisis
image
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Exploitation of VHR SAR: Radarsat Il
Polarimetric approach

Exploitation of the polarimetric information based on the entropy (valuable technics in
natural/Agricultural landscape)

i 22/02/2010
)
|Le Mesnil
-
: Sougeal .
s "
o - % 05 Kiometer
i ] V0 B S 00 e, ; 6 02 08 1 Keometees A Lt ‘ ; -t
Figure 3- The normalized Shannon Figure 4- Temporal coefficient of Figure 5-The segmented SE image
Entropy (SE) image. variation of the SE parameter with the open water in blue

From Maréchal, Pottier et al., Igarss 2011; Pottier et al., Igarss Munich 2012
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Advanced Land Observing Satellite (ALOS II)
PALSAR

L Band
Phased Array type L-band
Synthetic Aperture Radar (PALSAR)
Left/right looking
WS to ultra fine (490 to 25km => 60 m to 1m)

24 May 2014
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Advanced Land Observing Satellite (ALOS II)
PALSAR

Earth pointing attitude
(without observation)

Right-looking ‘.j Kq Left-looking

observation 2 minutes max observation

V3 minutes max

Flight direction

< 70° Q - S ’ Ground track
s ‘1 2‘5 km x 25km
. -,j_.;e i N ‘~
‘ — 350 or =2
Invisible area “ ‘ k - o \190km NN
80km e 6

Spotlight

Observable area 70° Q 25km x 25km

1160km for each side . NN ScanSAR
swath: 350 or 490km

] Stripmap
swath: 50 or 70km

iversité
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Advanced Land Observing Satellite (ALOS IlI)

PALSAR
Stripmap ScanSAR
Obse fon Spotligh Itrafi h
ight Ultrafine High sensitive Fine
mode = 9 Normal Wide
[3m] [6m] [10m]
Bandwidth
84 84 42 28 14 28 14
(MHz)
Resolution 3Ix1 100
3 B 10 60
(m) (RgxAz) (3 looks)
Incidence angle
8-70 8-70 8-70 |20-40] 8-70 23.7 8-70 8-70
(deg.)
Swath 25x25 350 490
50 50 40 70 30
(km) (RgxAz) (5 scans) (7 scans)
Polarization* SP SP/DP |SP/DP/CP| FP SP/DP/CP | FP SP/DP SP/DP
NESZ (dB) -24 -24 -28 -25 -26 -23
S/A Rg 25 25 23 23 25 20
(dB) Az 20 25 20 20 23

# 5P HH or HVY or VV, DP: HH+HV or WVW+VH, FP:

AN e
Europe’s eyes on Eartl

— 11 oA

HH+HV+VH4+VV, CP: compact pol. (experimental)

de Strasbourg
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GAOFENG 3

C band
Full Pol SAR

12 imaging modes WS to ultra fine mode
with corresponding swath ranging from
650 km to 10 km

09 August 2016

T de swasbours |




Coming SAR missions

2017- 2018 : Radarsat Constellation Mission (RCM), C Band, Singl, Dual, Hybrid Pol, Revisit 4 days
(launch 12 -06-2019)

SIASGE

X +L-BAND

Italian-Argentine System of Satellites » =
COSMO-SkyMed SADCCOM

for Emergency Management (SIASGE) constellation. i LD

2018-2019 : SAOCOM de la Conae, L band (Singl, Dual Twin Pol, revisit 4 days) two satellites A
& B ( first launched 7 October 2018)

2018- 2019 : COSMO SkyMed Second Generation , CSG (X band Sing/Dual/Quad Pol)

2018-2020: ICEYE X1 mission small satellites constellation (<100kg) 12-01-2018

2019 -2022 LOTUSat-1, X Band,

2021 : BIOMASS P band, not suitable for flood/lake mapping too coarse resolution (interest for
DEM under forest)

2021 : NISAR, indo american mission, bande L et S

Funvesie ||
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https://en.wikipedia.org/w/index.php?title=SIASGE&action=edit&redlink=1

Missions recentes

Juin 2019: Radarsat Constellation Mission (RCM) , C Band,
Singl, Dual, Hybrid , Pol, Revisit 4 A~e

" COSMO-SkyMed ] SAOCOM
X - BAND . L.BAND g

SSSSSS

2018-2019 SIASGE Italian-Argentine System of SIiTes for

Emergency management
October 2018-2019 : SAOCOM de la Conae, L band
(Singl, Dual Twin Pol, revisit 4  days) two satellites A & B
2018- 2019 : COSMO SkyMed Second Generation, (X band Sing/Dual/Quad Pol)

>Theia l



Satellite
Velocity
Vector

RCM Imaging Modes

—) Ground Track|
(Nadir)

pap—

I

-

==

- - -
R g, S T
-

High Resolution
5m Mode

Medium Resolution
30m Mode

Low Resolution
100m Mode

Very High Resolution

Medium Resolution Medium Resolution

50m Mode 16m llmde 3m Mode
|
Low Noise/ Quad-Pol Mode Spotlight Mode
Ship Detection Mode

M ae o | @i_TQ?ﬁJ



RMC Characteristic

Beam modes Nominal swath width (km) Approximate resolution (m)
Low Resolution 100 m 200 100 x 100
Medium Resolution 50 m 350 20 x 50
Medium Resolution 30 m 125 J0x 30
Medium Resolution 16 m 30 16 x 16
High Resolution 5 m 30 x5
Very High Resolution 3 m 20 Ix3

Low Noise 350 100 x 100
Ship Detection 350 Wariable
Spotlight 14 [5 km in azimuth] 1x3
Quad-Polarization 20 9x9

-~*:\

http://www.asc-csa.gc.ca/eng/satellites/radarsat/radarsat-tableau.asp |y



COSMO-SkyMed Second Generation (CSG)
Comparé a CSK: nouveaux modes d’acquisitionQLQ E‘JEI@ ngitpi&) n

18 Decembre 2019

=== ZeroDoppleracquisition
= |25 Multi-swath acquisition
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COSMO-SkyMed Second Generation (CSG)
Comparé a CSK: nouveaux modes d’acquisitionQLQ E‘a%fﬂ@"ch@n

Mode category Acquisition Resolution (rg x | Swath (rg x az) Polarization User
technique az) type
image 08mx0.8m 10 km x 10 km Single polarization
1.0mx1.0m 10 km x 10 km Double polarization

30mx3.0m 40 km x 2500 Double polarization ~ Civilian

Stripmap km ad |\ [
Wide field image Defense
50mx20m 30 km x 2500 Burst double
km polarization

3.0mx3.0m 15kmx 2500 = Quadruple polarization
km

ScanSAR 40mx20m 100 km x 2500 Double polarization
km

6.0mx20m 200 km x 2500 Double polarization
km

< Squinted contiguaus acquisition

e T > D60

\ iy LU

B ooernicuslill <= Thelo




Support Polarization Access Swath Resolution NESZ Scientific
modes region (°) (azimuth x (azimuth x (dB) geolocation (m)
range) km range) m

Spotlight 2A Single/Dual 20-25 3.1x7.3 0.35x0.55 -23.5
25-50 3.2x7.3 0.35x0.51 -22.5 1.25 (90% CE)
50-60 44x73 0.35x0.48 -20

Spotlight 2B Single/Dual 20-60 10x 10 0.63 x0.63 -20 1.25 (90% CE)

Spotlight 2C Single/Dual 20-25 -22
25-50 5x10 0.8x0.8 -20 1.25 (90% CE)
50-60 -19

Stripmap Single/Dual 20-50 40 x 40 3x3 -22 2 (90% CE)
50-60 40 x 30

Ping-Pong Dual/Quad 20-50 40 x 40 12x5 -24 10 (30)
50-60 40 x 30

Stripmap Quad 20-45 40 x 15 3x3 -25 2 (90% CE)

Quadpol

ScanSAR 1 Single/Dual 20-60 100 x 100 20x4 -22 10 (30)

ScanSAR 2 Single/Dual 20-50 200 x 200 40x 6 -22 10 (30)
50-60 200 x 190

COSMO-SkyMed Second Generation
(CSG) Constellation

OPEMICU

Europe’s eyes on Eartl

<Theia
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Missions Q venir

11-2022 SWOT: Altimetrie, INSAR
2023 : Lancement prévu de la mission BIOMASS P band

2023 : lancement de NISAR, mission indo ameéricaine,
bande L et S

/‘“”7
ﬁ 2
NASA - ISRO SAR Mission s ___~"

@TheEJ




La mission Swot

891 km

Interferometre

Interferométre
Fauchée droite

Fauchée gauche

s ¥ Résolution
P |atérale de
70m a 10m

" Fauchée V-Pol

Fauchée H-Pol T
10 - 60 km 10 - 60 km
Bande
altimetre
© Cnes/Mira Production nadir

Une coopération Nasa (USA) / Cnes (France)
/ CSA (Canada) / UKSA (UK)

Un nouveau concept technique, I'altimétrie
interferomeétrique a large fauchee (KaRin)

— une image bidimensionnelle
— Fauchée 2 x 50 km

— Mesure radar (tous tfemps +
jour/nuit)

Données

— Mesures « directes » : Hauteur
d’'eau, Pente, Largeur

— Mesures indirectes : Débit,
Vitesse et amplitude des
marées, Amplitude des
vagues, Vitesse des courants...

| universiee ||| [N

opernicy
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Angle d’'incidence Swot par rapport a d’'autres
techniques spatiales

mesures du
altimétrie spectre des vagues
- nadir (FOSat (SWIM) : SAR Standard (TerraSAR-X, C-SK, ...),

(Jason,...) et vent scatterométre (ASCAT, CFOSat Quikscat)

e 10°

EXETIl w4 Sertit
|| de strasbourg | \ & =icuse




La mission Swot

Mesures déductibles? Exemples d'applications actuelles L'apport de Swot
e Hauteur e Suivis des variations de quantité d'eau des grands lacs * Couverture des lacs et
(quelques centaines de km?) réservoirs plus petits des
° Vo|u me - ex: I‘asséd)ement du Lac d'Aral par 250 m x 250 m
| Topex/Poséidon
° ﬁg&{éu r * Suivis de la hauteur d'eau et de leurs variations dans e Couverture de tous les fleuves
les grands fleuves de largeur supérieur a 100 m
e Pente de — ex: les crues de I'Amazone par Topex/Poséidon (objectif de 50 m)
ibilité Possibilité de visualiser les
° FHJ e Aucune possibilité actuellement O
v %éﬁr cotes pour la premiére fois
° A :
° Pﬁggse et gl:ace a.une meilleure
. résolution |
° Wé)ggélggs * Mesure des champs de vitesse du Gulf Stream par * Applications a la subméso-
z Envisat échelle (< 300 km)
gga m@es e Suivi de |'ouragan Isabel par Jason-1 et Envisat * Meilleure précision et
. * Mesures des houles australes (dizaine de métres) par atténuation des
¢ \VVitesse du Jason perturbations
t3  Repérage de bateaux par les satellites SAR (résolution * Meilleure résolution (a
ven en fonction de la vitesse / état de I'eau) confirmer)

e Amplitude
1. En gras : les grandeurs mesurg) es Hrectement par SWOT. les autres s'obtiennent avec des modélisations / interpolations complétees eventuellement
par d'autres mesures qa
2. Déduite des mesures de %ént\!gegaH$§graphie dynamique de I'océan et des modélisations océanographiques

3. Nécessitant un diﬁusiwﬁbiets
flottants (?)

e ™~ . fr- .
ok <
Rl ooemicusill <= [heic [1] de strasbourg |



La mission Swot

Survol des domaines applicatifs potentiels de Swot

hydrologie B = _-,.:,;‘;.:éééariﬁérap_hié;, S

Quantité d’eau retenue dansfle

rivieres, réservoirs et autres zones
humides

Changement des quantités d‘eau
stockées

Estimation de débit des grands fleuves /
rivieres

Représentation des tourbillonsmarins a
méso-échelle

Altimétrie océanique globale haute
résolution

Bathymétrie océanique

Gestion du partage des eaux 8. Prévisions météo et climatiques plus

(internationales & interrégionales) précises
2. Meilleure modélisation des inondations 9. Aide ala navigation et aux opérations
3. Gestion des eaux claires pour la de secours en mer

consommation urbaine, industrielle et 10. Aide aux pécheurs

agricole 11. Aide aux plateformes pétrolieres

4., Gestion de la production
hydroélectrique

5. Prévention de la propagation des
épidémies,

6. Gestion des estuaires

7. Aide a la navigation fluviale

e s
opernicusill = heic T e swosbos|



Nombre d’'observations SWOT par cycle (21 jours) sur les rivieres et lacs
francgais

BD Carthage
TRONCON_HYDROGRAPHIQUE
LARGEUR = "Plus de 50 métres”

Orbite Science (~21j) I
I
" nombre de passage
I par cycle
I
|
. {J \ - |
» Les mesures rivieres (150 -50 m) 3 ] | * Les mesures lac (250*250 m?);
* Hauteur d’eau (en 2D), I * Hauteur d’eau (en 2D),
» Largeur, | » Surface
» Pente . Grandeur déduite :
» Grandeur déduite : le débit + Variations de volumes [@)evsa |

Cnes/Aviso

Funvesie ||
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Schéma
y 7 « .

d’'émission
Une des antennes (A2)
émet, visant
alternativement vers la
fauchée gauche et droite,
chacune avec une
polarisation différente de
I'onde radar émise.
Les deux antennes sont en
réception. Utiliser deux
polarisations permet de
déterminer le coté vers
lequel 'antenne a pointé;
aux incidences utilisées, la
réflexion sur 'eau n'a pas |
d'impact sur la polarisation =& rr— e
(contrairement aux SAR). ———

Pulse 1: H-polarization . Pulse 2 : V-polarization

I\

\

RightSwah‘ #o%  Left Swath Right Swath

- & o
=% .

L2 >, ; 2]
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Schéma d’'émission

Une des antennes (A2) emet, visant
alternativement vers la fauchée
gauche et droite, chacune avec une
polarisation différente de I'onde
radar émise.

Les deux antennes sont en
réception. Utiliser deux polarisations
permet de déterminer le c6té vers
lequel I'antenne a pointé; aux
incidences utilisées, la reflexion sur
'eau n’a pas d’'impact sur la
polarisation (contrairement aux
SAR).

| universié || [ (o> Theig !
|| de strasbourg | .



La fauchée Swot et la géométrie

Les deux antennes (a I'e e

de chague mat) recoit I @ p|Xe|S
radar réfléechie venant des deux
fauchées

La succession des pixels en
fravers de la fauchée dérive du
temps mis par I'onde a revenir au /\
satellite

Plus un pixel est loin du trou
central, plus il est petit (en
largeur, la hauteur restant la
méme).

L'altimétrie Doppler est utilisee
pour diviser I'empreinte au sol en
unifés plus petites (le long de la
trace)

Trajectoire

Altitude : 890km

© Cnes/Mira Production

@TheEJ
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La fauchée Swot et la géométrie des pixels

(angles exaggerés) Perte de résolution
pres du nadir

+/- 10 km de zone
aveugle de part et
d’'autre du nadir

Contraste terres /
eaux réduit loin du
nadir, car l'eau
réfléchit mieux aux
faibles incidences,
alors que les terres
réfléchissent a peu
pres de la méme
facon a toutes les
incidences (la

' : . surface des terre est
: : SRR plus accidentée que
: : = celledel’'eau)

FAUCHEE PROCE
DU NAPIR

MESURE DE SURFACE MESURE DE SURFACE
@)ovea ] (LARGEUR DU PIXEL) (LARGEUR DU PIXEL)

Cnes/Aviso
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BIOMASS: Bande P

Total Ambiguity Ratio < -18 dB LARGE
DEPLOYABLE

REFLECTOR

Dynamic Range 35 dB

Radiometric Bias < 0.3dB

Channel Imbalance < -34 dB



BIOMASS: Bande P
Lancement prévu en

i Forest

biomass &

.4_\\ ks

Above-ground biomass Upper canopy height Areas of forest
(tons/hectare) (meter) clearing (hectare)

50 m resolution

200 m resolution
1 map every 6 months 1 map every 6 months 1 map every 6 months
global coverage of forested global coverage of forested global coverage of forested
areas areas areas

accuracy of 20%, or 10 t ha1! accuracy of 20-30% 90% classification accuracy

for biomass < 50 t ha!
< Theia !

200 m resolution

orese ||
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BIOMASS: Bande P

PolSAR PolInSAR TomoSAR
(SAR Polarimetry) (Polarimetric SAR Interferometry) (SAR Tomography)
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Thank you for your attention
Merci pour votre attention

http://sertit.unistra.fr/

herve.yesou@unistra.fr



http://sertit.unistra.fr/

