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Report Outline

% About Geoscience Australia
* Landsat Next Cal Sites

* Infrastructure for Cal Val
% Field Validation Campaign

**» SAR ARD Quality Assessment
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Geoscience Australia

® ., : . N . .
*°* Australia’s national geoscience organisation, ~700 staff, mostly based in Canberra, Australian Government (part of
Industry Science and Resources portfolio), 3 Science Divisions: Space; Minerals, Energy & Groundwater; Place and

Communities www.ga.gov.au

% Satellite Ground Station in Alice Springs, geographically dispersed national cal val infrastructure
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http://www.ga.gov.au/

EO@GA Highlights

*%* We provide over 5 petabytes of satellite data dating back to 1988 and 7 petabytes of Copernicus satellite data to

the user community in the Indo-Pacific region.

‘:‘ Our annual coastal and terrestrial EO products released in May 2025, measured and analysed changes over 30+
years in over 300,000 waterbodies and 37,000 km of coastline covering the Australian continent.

** The Alice Springs Ground Station routinely captures over 99% of scheduled satellite passes exceeding
performance targets as part of a sustained Australia - U.S. partnership dating back to 1979. New ground station
facilities, advanced data processing and analytics capabilities are being developed to support the Landsat Next
mission.

< CSIRO, Geoscience Australia, and the Bureau of Meteorology secured Australia’s role as the 2026 CEOS Chair.
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Cal Val for Landsat Next

**» CSIRO will provide calibration and validation services in support of

Landsat Next, under a contract.

** Includes the establishment and maintenance of instrumented cal val

sites in Australia with specified performance goals for operation.

*» Cal Val sites will adopt established CEOS protocols (e.g. RADCALNET,

Fiducial Reference Measurements).

____________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Pinnacles Calibration Site (PIAU)

Being developed by CSIRO to be part
of RADCALNET

CE 318-TU12 BRDF Sun Photometer
Gill GMX600 Weather Station

Kipp and Zonen CMP3 Pyranometer
Raspberry Pi

Sky camera with fisheye lens

Proposed RADCALNET site at Pinnacles, Western Australia

WGCV-55 8-11 July 2025 Hyderabad Slide 6



Dark-water Inland Observatory Network (DION)

7/
%*

K/
¢

DION pontoon in the Googong Reservoir, NSW

7/
%®

S

3 x TRIOS Ramses Hyperspectral Radiometers (Ed, Lw,
Lsky)

Weather Station (temp, humidity, pressure, dew point,

wind speed)

Thermistor Chain (temp at surface and 1-8 m)
2 x Heitronics Thermal Radiometers
Webcams (water, sky)

Kurloo GPS Instrument (water surface height)
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Lucinda Jetty Coastal Observatory (LICO)

Above-water .CIMEL SeaPRISM
radiometry +Satlantic HyperOCR ’

%* Satlantic HyperOCR Radiometer

e @™ <% CIMEL CE318-T SeaPrism Radiometer

TR Instrument ‘Li 5
tel +Linux Server
i elemelry  .WETLabs DAPCS
/] *PC controller

~Automated winch

. % k) v_ — 7_ ;--;~f'% = - ’ . .
S e *%* Vaisala Weather Station
m Underwater .WS{:EZ EVS](P)AM fiuorometer.
3 optics *WETLabs ac-s
ao i “WETLabs BBS

** Sea Bird x 4 — ACS, WQM, B89,

EcoTriplet

*®* Hemispherical Webcams

<< LJCO seen on a satellite image
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Queensland Corner Reflector Array (QCRA)

1 1 "0 . .
¢ Geoscience Australia operates the QCRA, 40 CRs
S il spread over 100km x 100km in South-east
= Queensland, Australia
O
: & . . .
© <2 ¢ Enables consistency in the quality of SAR data
from multiple sensors, and will be a key
27°S
contribution to the SARCalNet initiative
0’0 . .
¢ The QCRA has supported calibration of several
SAR missions including Sentinel-1 since 2014
27°30'S
o -
¢’ Maintenance / re-survey planned for 2025
150°E 150°30'E 151°E 151°30'E 152°E
Corner Reflector site Y% GNSS CORS site 0 20 4?(
e Km

/. size1.5m ® Towns
A size20m

A size25m
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Yarragadee Corner Reflectors (YGCR)

Yarragadee is one of the few fundamental geodetic co-location

stations in the world.

One ascending and one descending trihedral CRs (1.5m),

permanently installed in August 2018

Permanent Yarragadee CR coordinates independently verified

by TSX 3D SAR solution, results within 2 cm

¢ 2025 survey showed agreement with previous results (within

expected survey limits)

Corner reflectors deployed for ascending and descending modes

X Y z X Y z
2018CR_A  -2388932 5043314-3078611 CR_D -2388946 5043330-3078572
2025CR_A  -2388932 5043314-3078611 CR_D -2388946 5043330-3078572
-0.019 0.012 -0.017 -0.012  0.025 -0.015
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Pandora #129

. :'A-.' ‘,;" Pandora #129 at the Alice Springs Ground
- _Station (ASGS) is part of the Pandonia global

’o 4
network supporting reference measurements

for atmospheric comp;osition

%* Geoscience Australia has supported the

operation of the Pandora at Alice Springs

since 2018 (FRM4AC)

Pandora Instrument at ASGS

PGN status

official non official

real ume. .
delayed O O
&

PANDONIA GLOBAL NETWORK

Reference Measurements of Atmospheric Composition
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%

Thirteen (13) spectroscopy measurements for Surface

Reflectance (SR) validation carried out by the Digital

Earth Australia (DEA) team. y J ¥4 & ,(‘
‘:’ One hundred (100) vegetation samples to validate DEA's 1 y
Fuel Moisture Content (FMC) product.
0:’ Six (6) drone-based LiDAR and multi-spectral flightsto e e
validate
" Water body extents for DEA’s Waterbodies
product Field site locations aligning Landsat 8, 9 and Sentinel 2A, 2B and 2C swaths across SA & NSW

DEA’s Fractional Cover product
" DEA’s Burnt Area Mapping product
®.
%°® Integration and testing of ArcGIS Field Maps into CalVal’s

data collection workflow
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Validation Sites

(7
%*

Nine (9) primary field sites to collect SR spectra SA 1 Broken H||| NSW 1 Broken Hill

/)
*%* Ten (10) secondary sites for downstream product validation. |

Waterbody { Burnt area [CeE S < ’ s

s \ NSW 3 Cobar NSW4Nyngan

e

NSW 6 Boggabri NSW 7 Walcha | & NSw 8 Hat Head NP
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Handheld Spectroscopy for SR Validation

/)
*%* Two handheld spectroscope teams: SR-3500 and
ASD.
Q’Q . . .
¢’ Aligned with CEOS protocols for field-based SR data
collection.
D . .
¢’ Excellent matchup quality to time-of-day overpass
(L8, L9, S2A/B/C).
0‘0 . . .
¢’ Data available through Australian National Spectral

Database.

Surface Reflectance
o = o
N w B

=
-

Band Number Band Number
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LiDAR, Multispectral Drone Imagery

Y/
%*

Six (6) drone-based LiDAR and multi-spectroscopy flights to

validate
. Water body extents for DEA’s Waterbodies product
. DEA’s Wooded Cover Fraction product

. DEA’s Burnt Area Mapping product
DJI Matrice 300 RTK and DJI FlyCart.

Zenmuse L1 LiDAR, Micasense Spectrometer.

Y/ Y/ Y/
%S 00 o

Drone mounted SR-3500 hyperspectral for complex terrain SR

and BRDF validation.
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Fuel Moisture Content (FMC) Validation

Y/
%*

Over 100 vegetation samples collected across SA and NSW in

line with ANU protocol from over ten sites.

All samples recorded using ArcGIS Field Maps. ; ;. L
';—JJ N
& w:-w-wm

-

Results compared to time-of-day overpass (L8, L9, S2A/B/C). g P %

Moisture analysis conducted at GA labs.

Calibrated by height to LiDAR of sampling zone.

7/ Y/ Y/ /7 X/

Evaluation of FMC comparison to multispectral (Micasense)

flights underway.
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Quality Assessment of SAR ARD

—————————— - e ———————— e ——————— e —————————— -~ e ——————————
{ Voo Yoo A A N Y
| | Gently sloping, flat | 1
- Corner reflectorsor | h I Rugged topography with | I I W .
I Evaluation scene } | i | topagraphy with H | Rugged topography with 1 i and ol | or OWS :
| . t | ground reference | | invariant land coverie | | invariant land cover i.e | I All landcovers Pl All landcovers |
I requirements ! I imagery | I o | evergreen forests, snow. | | ! I
| | | ) \ evergreen forests, snow. H l ) |I | || | Y S 1a rd _S N A P ( ESA)
N __ s N 4 S ~
«  Hyp3-GAMMA (ASF)
Methodology Geolocation Quality Radiometric Quality Topographic Quality Relative Differences Image Quality
Differences
. SAR-SNAP J Truck
= p ~ pyro ruc
Terrain gradient
EHEeE e Ll i Absolute Location Error Expected values The distribution of backscatter Geolocation Speckle
e T | o Observations agres over a 1 shstribution of backsear Quantification of relative ; ol ° ro A R - A M M A J T ruc
e The position is aligned with a target land cover with Yohesaossagradentof oplatements of dentifymg Quantification of signal to py
reference target of known owectod vatoos ie. serrainslapes have rini Features betuoon AR noise rato fo each A
location., e vty feparion aver sn vt eroduc, product
|+ OPERA-ISCE3 NASA/IPL
N . v A .
Geocoding + stmospheric+ GTC Calibration + RTC GTC+RTC Geocoding + atmospheric Seocoding STC+RTC )
e h ~ * EASIGRD-SNAP CSIRO
mosaicking
Temporal stability Temporal Stability Local Incidence Angle © Radiometric h . .
m— [ oo || | oo st dteonce Image sharpness + ETAD atmospheric correction
H t tabk fi . ific ati
indicated by lowvariance i b e 1o local incidence angleis close to Co-regisration of products vaﬁ::;‘:'::"::{"hD;;;T{:;TM
ALE residuals around a median 2ero, overinvariant land cover minimises geolacation i} H H
Geocoding lacatian over time fover: y h area of interest differences . JRN + d t mos p eric corre Ct on
. /
g Calibration + RTC GTC+RTC RTC+ g+ GTC+RTC
- / A AN 7 RS AN J
Geometric
Spatial stabili - »
Correction The mean and variancein the incidence angles, incidence
targets are stable over space, ¢ foreslope is within 1dB of the te, shadows and |
indicated by low variance in return s stable over a flat area edian backscatt th ot o
- @@/ ndfated by low veriinoe with invariant land cover. median backscattar vertha ancillary data produced n the
offsets within a single backslope. generation of different ARD
scene. Y, A A products. A
‘Geometric Terrain Calibration +RTC GTC+RTC GTC
Correction + DEM Geocoding + GTC + atmospheric J A v \
Handling
Incldsn_ce _il\gle gradient DEM Handling
The distribution of backscatter Differences between the
e N values across a gradient of ancillary resampled DEM layer
incidence angles have minimal et th ‘
dispersion over a flat area with T s Aot *
Atmospheric correction " ifferent products, T b . H .
o be presented at IGARSS and discussed within
e —

Calibration + RTC

the CEOS SAR working group
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Geolocation Quality

Surat Basin %

. 959 Elligsoid Absoluts Geolocation Effer (i) +* QCRA (Surat Basin) provides a robust estimate of geolocation
ellipsoid error
» . I :
207 *°* CRs are identified in georeferenced ARD images, not SLC radar
coordinates
E 101 .
5 *°* ISCE3 has comparable performance to GRDs
= o . o
g 0 *%°* Atmospheric correction improves cross-track ALE
©
> & : : :
5 i #* Sub-pixel accuracy achieved for 10m + only with AC
S -
{7771 Requirement —@- EASIGRD-SNAP o e . .y
i M ey ol WP #* |dentified a georeferencing bug within the SNAP codebase,
—20 1 —®— hyp3-GAMMA —@— pyroSAR-SNAP (ETAD AC) . . . . .
@ DyIOSARSNAP  —@— OPERAISCE3 (ETAD AC) introducing ALE up to 30 m in the along-track direction.
—@— pyroSAR-GAMMA  —@— OPERA-ISCE (native AC)
OPERA-ISCE3 N . . .
55 = . | . | %°* SNAP team have implemented a fix to address the issue (V12)
-30 —=20 -10 0 10 20 30

Cross-track direction (m)
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Geolocation Quality

Other Locations

Absolute Geolocation Error (m) @, . .
30 %°* Antarctic CRs are useful for assessing performance of
O atmospheric corrections
201 ¢ "
*%°* Vastly different ALE across CR sites without AC applied
- o,
B " . - . -
_E_ 10 b“ A * Sub-pixel geolocation accuracy only achieved for 10m with AC
S g
bp 4
S 0 * !
v P *
ju *
o
5 ]
2 -10
C2271 Reguirement @® EASIGRD-SNAP
® slard-SNAP ® OPERA-ISCE (native AC)
—-201+ ©® hyp3-GAMMA € Maitri Station

@® pyroSAR-SNAP % Bharati Station

® pyroSAR-GAMMA A Yaragadee

® OPERA-ISCE3

—-30 T T | T :
-30 -20 -10 0 10 20 30

Cross-track direction (m)
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Topographic Quality

VH Polarisation

»

_6.75 | ¢-- ® s @ EASIGROSNAP %* Layover and shadow areas masked

BERbt ST @ hyp3-GAMMA @® nNoAC .
—7.00 - i : sz::‘z':::m 3 ET‘:_D “‘;C %°* ISCE3 ‘flattest’ excluding low LIA (dark,
- pyro - atlive

g 7251 . @ OPERAISCE3 shadow) and high LIA (bright, layover)
E —7.50 1 Q’. . . .
= #* Few data in low LIA and high LIA bins
[#]
uwl
-E‘r.é -7.75 4 .
@ %°* Trends derived from medians are not
[=]
> —8.00 - . .
& influenced by the log scale conversion to dB
=]
L —8.25 -

—8.50 -

—8.75 -

2 8] 8] ] 8] C O ]
Y v el M be) o A 5
A £y oy 2y & o

Local Incidence Angle (degrees)
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Topographic Quality

OPERA-ISCE (native AC)

I
) o . :
Foreslope (LIA<({1A-20)) %°* For OPERA-ISCE3 with AC median foreslope-
60000 - Backslope (LIA=(1A+20))
-—- P50 =-7.91 backslope within 0.1 db
SD{]DD | === P50 =-7.81
= 40000
=
u
&
& 30000 A
20000
I
10000 - -
I
i
0 i .

1 T T
—25 =20 —-15 =10 -5 0
vo Backscatter VH (dB)
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OPERA-RTC Workflow

Gamma0 (|SEV-1-) ' aEpit +®* This work identified a bug in the OPERA-

RTC workflow

o . .
** Introduced by atmospheric correction

** We worked with NASA JPL to resolve this

fix and it is now implemented in ISCE3

v.0.24.0
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Sentinel-1 NRB Product

SRR

AN

Implementation of NASA’s OPERA-RTC ISCE3 workflow N

W
o . . .
*%°* To be back-processed over Australia and Antarctica

*%°* 20 m resolution, implementation of static layers to support

gamma0, beta0 and sigma0
%°* Collaboration with CSIRO to ensure user uptake
%* User-controlled speckle filtering

’:’ Submission of self-assessment for CEOS-ARD compliance

imminent

S-1 image over Antarctica processed using ISCE3 w/flow >>
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Thank you
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