Current and future Earth
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ASIC e at glance:

...ensure the understanding, monitoring and . protection of our planet

guaranteeing the maximum ‘benefit for science, applications, society - -and

economic growth of ltaly...

ASI| implements this yision through its Earth observation programs developed in I'rqu, in Europe (ESA EU
EUMETSAT) and within the widest international framework. ]
ASI plays an architect role in the definition, development, procurement,-exploitation qnd evolution of the
space assets through its Ndtional industry and science qnd application communlfy, confrlbuhng actively
to the major-European mfros'rruc'rures ;
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Sustain the Future of

Synthetic Aperture Radar
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Hyperspectral payload

~ Strengthen developments
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‘ autonomy in HR
systems j

‘Our 8 major objectives in Earth IObS'eI.'VGﬁOI"I :

New instruments and constellations (X/L/P Bands)
<Developments for large reflectors/deployable

antennas
*SAR Technology Roadmap

eHyperspectral Next Generation
eMiniaturized Hyperspectral Mission (PLATINO)
eHyperspectral Technology Roadmap

*TIR Mission based on minisatellite (PLT-2)
*ASI-NASA TIR mission
*TIR hyperspectral / TIR Technology Roadmap;

*HR Mission based on minisatellite (Feasibility study)
=Optical Technology Roadmap

eLidar mission (Feasibility study)
eLidar Technology Roadmap

eRadiometers, Quantum Gravimetry, etc

Technology roadmap

<Scientific and application projects 1) to understand
earth system and interaction between process and 2)
to deliver information to enhance quality of life and
strengthen our economy

eDemonstrators
eApplication Services Start-Up
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st : Agenzia Spaziale italiana

SHALOM
Hyperspe
Launch planned 202§
Lifetime: 5 years =

g g nra, TV i P

PRISMA SG

Hyperspecl‘rd' ; i 4 [ = e = Y A ‘.. . e Fr-'N : s - /7
‘ Launch planned 2025 ggj : ¥ . S s, - g - N X-band SAR
Lifetime: 5 years N L e 7 - Low ned 2022 "
- et et L . ot : e 3
: PLATENO . ’ sh b TN Gsi
» Hyperspectral ' o N LB 7
- Launch planned 2024 . = . . )Y It \G GEOSAR
lifetime: 3years ' 3 - -
h i i - SAR -
@ Launch planned 2027 -
g . ltalion Russian Mission : 2
” : ~ 4> = :
PLATINO-2 E @ (,,zﬁé : w :?‘
TIR ‘ - ; - rswmnsties ROSCOSMOS 3 N -
Lovnich plaped 2023 Seet=r= o ; i : - ‘ =
lifefime: 3years ~ si 3 2 g
¢ ' e SAOCO E component) = e
¥ _ s L band SAR PR NI E
<o Flve " Lownch 2018, SAOCOMIA- "t 3~ -
4 = Launch 2020, SAOCOM 1™ ;) 3
lTu'uEd'l larned 2626 28 = v B :
lifetime: Syears ; = L . A = _\-
A . = - -
OPERATIONAL @ WAk e =
~___IN DEVELOMENT 4 . uhispeciil oW Frequencysa .
i PLANNED T Lounch plarined 2024 "8 "L band SAR ~~ - : St
VaiEs g i "~ (SAOCOM FO & ROSE-L Companion Constellation) _ s
5 = High Resolution Lawnch planned 2027 : g

= _lifetime: S.ye :
=Launch planned 2024 ek e S
lifetime: 3years ? il

e ns

ASI.- Earth Observation DiVi_SiOﬂ - Do not reproduce and distribute without permissien .



N

Agenzia Spaziale Ita

-

AST= sariat el e TG thb R
:.,—- : i el Lﬁpermlssmn &\



£ Agenzm Spaziale Italiana

Fully funded by the Italian Space Agency (ASI): in- orbl’r Earth Observq’rlon sys’rem ’rhq’r 5|mul’rc|neous
combines data of a hyperspec’rrql sensor and a pomchromcmc camera from the same scene. :

® 240 total bands in VNIR (#66 400—1 o1 O nm) & SWIR (#174 920—2505 nm) a’r a spa’rlal resolu’rlon of 30 m-on
a swath of 30 km | _ ? i

®  Mean spectral resolution of 10 nm.in o spec’rrq] romge of 400 2500: N rgelian S8

@ Pan (Panchromatic) imagery is provided at a spatial-resolution of 5 N A

® : ' ' '

PRISMA as-built and CHiME SNR rfduirfmt'_nt comparison .

© —_PRISMA a3 built VNIR
=—PRISMA as built SWIR
CHIMEreq ~
—MRD PRISMA

400 600 EO0Q 1000 © 1200 1400 1600 mm'_zmﬁ 2100 2400
~ Wavelength (nm)
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PRISHA

PRISMA Second Generation is ’rhe future Hyperspec'rral I’rallqn MlSSlon, 'ro be’ Iqunched in 2025

' . Apgenzia Spaziale Italiana

®  Entirely Funded-by the Italian Space Agency .
® Hyperspec'rrql data con'rlnuny curren'rly available by fhe PRISMA sysfem

- SPECS: - G s e D R T L
® SWATH and SNR on- demdnd ’rechnlques of SWATH enlargemen’r omd SNR_ZI_
enhomcemen’r on a single pass using ’rhe pla’rform qglll’ry

® Acqunsmon modes: STRIPMAP and SPOTLIGHT

. “STRIPMAP image: VNIR/SWIR GSD < 30 and. PAN GSD <5 m, swath >30 km
- _and indefinite length-with. a Daily STRIPMAP Imaglng Capacny (acqwre downlmk '
and -archive) more than 2.000. OOO km?2. |

1. SPOTLIGHT image (on- demand) VNIR/SWIR GSD <1O m. and PAN GSD <2,5 m,
: swath =30 km and length up to.210 km with a Daily SPOTLIGHT Imaglng Copocny
(acquire, downlink and qrchlve) more than 200. OOO km2. :

® Low revisit time (72 h with d maximum _off-nadlr angle of £.30° ¢

ASI| — Earth Observation Division - Do not reproduce and distribute without permission o



Joint program between ASI cmd ISA based ‘on the ' Implemen’rcmon Arrangemen’r On Cooperation in a Joint | A
Definition Phase of a Spaceborne Hyperspectral Appllca’nve Land And Ocean Mission - Shalom .

ltaly is résponsible of the overall hyperspectrql instrument and is the Ground Segment | e
Authority. ' : - - , e T | - e LR T
Israel is responsible for the satellite plq’rform, ’rhe ’relescope and ’rhe pcmchromon‘lc cqmerq :

and is the Space Segmen’r Authority. ; '

‘The mission will acquire:

©® Hyperspectral measurements of ’rhe -Earth rodlo’rlon reflection and
-absorption in the VIS- NIR SWIR spectral range (400- 2500nm)

- ® Panchromatic : images of the Earth  (simultaneous with the

“hyperspectral measurements) ' ‘ :

Parameter Specification
Orbit : S$SO. 640 km
.Repedi Cycle EL " - 4 days _
Daily Imaging ~ Up to 200.000 km"2
. Swath Width > 10 km

HYP P/L GSD . ", e T2 10m
PAN P/L GSD "< Bm

Op Lifetime - - 5 years

ASI| — Earth Observation Division - Do not reproduce and distribute without permission o
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® Spec’rrql ange 8-12 micron
® Spectral Channels : 8.6, 9.1, 10 3 11 5 micron '_
® Channel bomdwwl’rh 1 micron Fhns

- - - P _ ® Orbital pdr‘dm'ef:e'rs': .
@ SPCI’ri_al resolu’riczn: 40m - @ 'SSO Frozeh e
> Accuracy _<]._‘5 B ® Local time of qgcendlng node " 10: 3
® - Svdirs 2hat  © Altitude = 393 km ' ‘
O ST AfEl 4 km e Ihcli.nd’r_iOn' = 96 deg
® | Dqlly coverage 170. OOO km2 ® R’épedf Gl o '5'2 s

Secondary P/L:

_©,

® VNIR camera _‘
® Early Warning system

ASI| — Earth Observation Division - Do not reproduce and distribute without permission i



PLATND-3

Plar_med Launch date 2024

band 3 ' | | - VIS

Altitude [km] - _ R - L8007
Orbital Quty cycle [s] .- | | 18b_.to 300-' _ |
Swath [km] : i R - - A o
FOV [deg] L _ € i3y o8
Aperture[mm] s g . 420 |
GD[m] ' bl isx0s
Spectral Range (nr;r1)‘ h 3 | - 470-840
VISSNR & B 1004200
MTF s ~ 0.20.3 (over RGB bands)
. # spectral bands | 4(RGB-N'IR). ¥ty

ASI| — Earth Observation Division - Do not reproduce and distribute without permission i

- Spectral Range’-(nm.)

MTF

CPLATND4

e

Planned Launch date 2025

“band . - "y AN e VNIR - SWIR

Orbital dutycycle[s] . 2 g
Swath {km]- i 20
FOV [edlmaass s maisoig . 277
‘Aperture[mm} - - 210
Y A T R : 30

'VNIR: 400 - 1010 / SWIR: 920 -

. 205
Spectral Resolution (nm) 107
VNIR SNR AL >200:1-

'SWIRSNR -~ >100:1

- ‘VNIR/SWIR along track >0.18 /

- VNIR/SWIR across track >0.34 /

PAN along track > 0.10 /PAN across
track >0.20

# spectfal bands >230(VNIR-SWIR)



ASI-NASA/JRL

ASI-JPL FreeFIyer mission is a TIR- VNIR Mission almed at acquiring

images of 'rhe Earth 24 /7

TIR insirumeni: 8-band radiometer

TIR Performance .

"~ Thermal IR Bands -

mid-IR bands
short-wave IR
_ 'NETD 3

‘GSD
* Swath width

Coverage

Data quantization

Data Production

Data compression

~ Data Latentcy
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' SPECS

8.28 um / 8.63 pm / 9.07 um
- /1133 um / 12.05 pm

3.98um/4.80um .

1.60 pm
- 0.2°K @ 300 °K
60m
935 km
Global
16 bit

248.8 Mbps peak (108.17

Mbps compressed)
>2:1
< 24h

Noté -

Daytime and Coastal -

Land (42%)

+ 2.3:1 used

'VNIR Performance

Visible Bands center

Visible Bands .

: ') bandwidt‘h' | _
"NIR Bands center

NIR Bands
bandwidth

SNR

GSD
Swath width
Coyerage

Data quantization

Datla Production

“Data compression

~ SPECS
"655' nm

80 nm-

- 835 nm

80 nm‘

100
<35m
935km
Global
12 bit
133.8 Mbps peak (44.6
Mbps compressed)
' 3:1

VNIR camera: a two-channel insfrumen_"r to calculate NDVI values

‘Note

For both bands -

Daytime only
/Coastal Land (42%) _

2.3:1 used
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THE MICROWAVES:

Focus on:

® COSMO-SkyMed: First, Second and Next
Generations

® SAOCOM, L-Band

® GEOSAR, a GEOSYNCRONOUS SAR
MISSION

©  PLATINO-1: MONO/BI STATIC X-BAND
SAR MISSION

® P-Band, SAR and Sounder




- The First and the Second Generation Asi

COSMO-SkyMed Second Generation (CSG) will:

Agenzia Spaziale ltaliana

- Ensure operational continuity to the currently operating constellation

- Achieve a step ahead in terms of functionality, performances and system services for the Earth Observation users

The 4 CSG Satellites will have an operational lifetime of at least 7 years.

COSMO-SkyMed: overall infrastructure
_ B C5K-2 CSK: first generation of COSMO-SkyMed
_ : CSG: COSMO-SkyMed di Seconda Generazione
25 Oct.2008 CSK-3
_ 5 Nov.2010 CSK-4

COSMO-SkyMed is the ltalian end-to-end System for Earth Observation, funded by: CSG-2 (FM2)

- —— — —— —

D ‘
| 44 |
SPEN

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
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(3G Image Products improvement w.r.t. GSK

Very High Resolution
VHR (sub-metric)
Governmental Use

ge

Resolution: 1 m
Single Polarization
Size 10 km x 10 km

Civilian and Defence use

.
Narrow !_d Ima

2
-

X Resolution: 3 m
[T Single Polarization
Swath Size 40 km

Civilian and Defence use

'
-

Resolution: 30 m
Single Polarization
Swath Size: 100 km

or
Resolution : 100 m
Single Polarization
Swath Size: 200 Km

Wide Field Image

= Civilian and Defence use
TS - b
3 . A

Ultra-High Resolution (UHR)
Governmental Use

Spot-2
VHR and Dual Pol. (*%*)

Sp-2A res.£0.35x0.55m
Swath 2 3,1x7.3Km

Sp-2B res.£0.63x0.63m
Swath 2 10x10Km

Sp-2C res.< 0.80x0.80m
Swath 2 5x 10 Km

Civilian and Defence Use

= STRIPMAP

Resolution : 3m x 3m
Swath Size Dual Pol 40 km
Swath Size QUADPOL 15 km

Civilian and Defence use

Resolution : 4 x20 m
Double Polarization SCANSAR
Swath Size : 100 km
or
Resolution : 6 x40 m
Double Polarization
Swath Size: 200 Km

Civilian and Defence use

-

(**) in azimut and range

s

Agenzia Spaziale ltaliana




PLATIND-I -

Mission Phases are:

Asi

Agenzia Spaziale ltaliana

®  Commissioning (LEOP and Commissioning) 3 months;
®  Phase-1 (@619 km, formation flying with CSK/CSG) 1 year;
® Re-orbit phase (orbit transfer with HET) 6 months;
®  Phase-2 (@410 km, monostatic acquisition) 1.5 years;
®  De-orbiting phase 6 months.
During Phase-1 PLT-1 will mainly work as a receiver
. . . . acquiring from Earth the signal generated by
Selectable Formation-Flying configurations: CSK/CSG
® Leader-Follower
® Pendulum P M Bistatic performances (Phase-1)
®  Cartwheel s
® Helixmonths

PLT-1 shall be sized to
provide the capacity to
acquire, downlink and
archive images totaling
20000 km2 daily.

ASI -

Earth Observation Division - Do not reproduce and distribute without permission

& NN magingmode | CSK/CSG Stipmap "
Sy ' Contmuousstr_ Upto mm

Altitude

Swath

Resolution

Target Experimental Resolution 1 m
Imaging Mode Stripmap
Continuous stripmap Up to 800km



GEDSAR - gsi

Geosynchronous space-borne SAR system in cooperation with ROSCOSMOS feensiaspaziai faliana

The mission will generate SAR products up to L1D level and perform interferometric co-registration of acquisitions with
interferograms and coherence maps.

PRODUCTS:

® Quicklook of the full image (for catalogue/data structure)
Tropospheric delay maps
Speckle filtered
Mosaicked images

Coregistered images

© ®©® ® ®®

Interferograms / Coherence maps

AS| — Earth Observation Division - Do not reproduce and distribute without permission



SAUGOM - L-band polarimetric SAR

ASi
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SAOCOM-SAR is an L-band polarimetric SAR instrument, the prime payload of the mission providing all

weather, day/night observations to satisfy most of the applications considered in the Argentinean

National Space Program, involving studies on agriculture, fishery, forestry, weather, hydrology,

oceanography, emergencies, natural resources of land and sea, urban areas, cartography, geology,
mining, soil exploitation, archeology and health

Parameter Value Parameier Value
Center frequency 1275 MHz (L- Antenna looking angle left or right side of path (left side
band) is default)
Incidence angles 20-50°
Maximum bandwidth <45 MHz Daia quaniization 8 bit
Transmit peak power 3 1kwW Duty cycle 15% (about 15 minforbit)
Operational modes Stripmap Siripmap high resolufion | 10 m x 10 m (pixel)
TopSAR TopSAR wide mode 100 m x 100 m (pixel) j-
Stripmap swath width = 65 km (each ScanSAR wide swath = 320 km
beam) TopSAR nammow swath = 170 km (guadpol)
Signal transmission HH or vV Signal reception HH or WV {single pol.)
polarization Reception {(double HH & HV or VV & VH
polarization)
MESZ (Moise Equivalent =<-25dB Stripmap mid-resolution 25 m x 25 m (pixel)
Sigma Zero) TopSAR. namow mode 50 m x 50 m (pixel)

AS| — Earth Observation Division - Do not reproduce and distribute without permission i



P-Band -

Aerial radar multi-operating /multi-frequency modality in the UHF
and VHF bands: the radar system operates at different carrier
frequencies as Sounder and Synthetic Aperture Radar (SAR):
* Sounder operates at 165 MHz,
* SAR operates at

- 450 MHz (SAR-Low mode)

- 860 MHz ESAR-High mode).

Several Helicopter-Borne Campaign: 2 in Southern Italy and 1 in
Morocco Desert

Low Frequency RADAR Mission Radiation Survey Method ey

Obijective:
To Explore, at national level, the feasibility of a : RS L :
SAR mission in P (below 1 Ghz) and L bands. e : N _ o

The initiative capitalizes:

* the SAOCOM experience; , _ :

e the know-how matured in the P-Band [ S . X0 = T .
experimental activities. A 0 < e

L

AS| — Earth Observation Division - Do not reproduce and distribute without permission



ASI ED future mission i ey @
EO cOns’relIoﬁén-Wi’rh h‘igh' ’rempoqul resé_lu’rion; -
Mono and Bi-Static SAR X/L/P band, including
COSMO-SkyMed Next Generd’rlons qull-sq’r--'

and Geosyncronous;
'Hyperspectrol (VNIR/SWIR/TIR), 2
LIDAR; "
Op’ricql HR;

New instruments: Rddlome’rers, Qucm’rum
Grqwme’rry, Radar sounder efc..

@ @

©® ® ® ®
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5 THANK YOU FOR YOUR ATTENTION

i
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