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Topics

= Review of SPARC and FLARE Principles
= System Design, Installation and Expansion Plans
= Benefits for CAL-VAL Sites

= Example FLARE Results (time permitting)
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What are SPARC and FLARE?



SPecular Array Radiometric Calibration (SPARC)

The SPARC method allows any earth observing sensor to be calibrated to the solar
spectral constant just like a solar radiometer. FLARE uses SPARC Mirrors.

The mirror acts as a Field-of-View (FOV) aperture stop just as with an aperture stop
on a typical solar radiometer allowing the sun to be viewed directly as an absolute
reference.

Detector Sun

Reflected

Field-of-Regard Aperture

Stop

SPARC
Mirror olar
Solar Radiometer
Image
T
Schiller et al. 2010. The Specular Array Radiometric Calibration (SPARC) method: a new approach for absolute vicarious I_abS Ohere
advancing the technology of light

calibration in the solar reflective spectrum. Remote Sensing System Engineering lll. Proc. of the SPIE, Volume 7813
VH-RODA Workshop 2021 | 20-23 April 2021 | Slide 4




FLARE

SYSTEM OPERATIONS
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FLARE

SYSTEM OPERATIONS
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FLARE Portal: Network Access via Cloud User Interface

FLARE

@ LOOKs v Craft/Site/ Tag Jrganizatio w LOOK Status All -

ﬁ Schedule

B ust

4+ add
B evaLs - Monday Tuesday Wednesday Thursday Friday I

16:50 Beta Si... F .| 17:24 Beta
+ add

Beta Site ¥ LANDSAT 8
of crafis v 3 UPLOAD CRAFT POSITION FILE
E View

+ add

B Booked BB Locked B Processing

Define LOOKs
< » March2021 -

Beta Site ]

Friday 05, March 2021 (22:24:15 UTC)

a O %

283 Organization o

00:59 minutes

183 view

©

LOOK-5

o+ Add User

DELETE ’
E CALCULATE
© support h

. 08 09 12 L.
E Wiki T - r * Download Opportunities
117:24 Beta Si... SENTINE...

gg API Public

Product Opportunity Details

Craft Date Start Time (UTC) Max Craft Angle (%)
LANDSAT & 03/30/2021 17:01:54 83.98

Site Duration (seconds) Highest Time (UTC) Sun Angle (°)
Beta Site 30 17:02:09 53.71

$1,000.00 X +

CANCEL
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) FLARE Portal: Network Access via Cloud User Interface

Schedule

FLARE

@ LOOKs /
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BEE Schedule
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4+ add

-- | Calibration-as-a-Service
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183 view
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Product Opportunity Details

Qg API Public

Craft Date Start Time (UTC) Max Craft Angle (%)
LANDSAT & 03/30/2021 17:01:54 83.98

Site Duration (seconds) Highest Time (UTC) Sun Angle (°)

Beta Site 30 17:02:09 53.71
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System Design, Installation and Expansion Plans



Example: FLARE System to be Deployed at Mauna Loa

Full System Model (without Solar)
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Mirror Turret Design — Low Impact, Self Leveling

Mirror Array Model o DI‘Op-in SyStem
(semi-mobile)

i 40 covered mirror
positions

FAKT

 Azimuth &
55'=46'=14m | Flevation pointing

143”7 =12"=3.7m
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181" =15 =4.6m

200" =16.7 =5.1m

200" =16.7 =5.1m

) Radiometer Tower & Control Box = Guy Wires & Leveling

Solar Radiometer Mounted on Electrical Control Box Model

* Articulated
Radiometer Head

« Spectrometer 350-
1000nm

- SWIR Radiometer
with (8) Filter
bands (0.9-2.5um)

 On-board

Calibration sphere
0.3-2.5um
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Solar Array & Communications

Solar Array
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Mauna Loa Observatory Site — 8 acres total

E! mz’i

-'.

' . awmg
- a N DACE
. - ! - : A‘

§ e MLO FLARE
: ' location:

Away from
structures in 6%

reflectance lava
field.

The red lines show MLO’s property boundary (note that NOAA has two 4-acre parcels).
The yellow area is designated as a “No Build Zone” for the NOAA Climate Reference Network (CRN) project.

The purple area defines the “No Build Zone” for the Naval Research Laboratory (NRL) projects.
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FLARE Installation Logistics

7-Pixel Diameter minimum area with generally uniform dark background for best results
- 30m = ~200m Diam. Area

=  Current Design & Future Concepts
: 0.3m to 50m in current designs
" Can be scaled to smaller (<0.3m) and larger pixel sizes (>50m).

=  Each FLARE Node is part of the FLARE Network: Accessible to all customers
o Priority access to partner organization funding node build
3 Node operation and maintenance by Labsphere
3 Seeking joint funding efforts

=  Data can be made free / reduced charge / preferential access for science team projects.
= Can be a Public (Govt) / Private partnership

= European FLARE site build = European Entity (contracting purposes)
I HALMA, parent company of Labsphere, is a worldwide company with European Offices
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FLARE Nodes FLARE Develpment

* Mobile Node Update on
Roadmap

* Prototype at Beta site

& - Alpha Node
: Arlington, SD

SDSU Evaluatis,

partnership Custom Campaigns

* Manual campaigns for
targeted geometry

« Commissioning Projects
- individual assets or
constellations

« Lamasquere?

. Beta Node e, o
» Ft. Worth, TX |

Future Nodes
« Mauna Loa (3300m)
» Railroad Valley Playa, NV
« Tenerife, Canary Isl. (ESA)
« Atacama, Chile (ESO)
* Pinnacles, Australia
» Gobabeb, Namibia
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Benefits of FLARE to CAL-VAL Sites
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l Point Method

Indirectly estimates the
LSF

Both methods provide
similar results

Directly estimates the
LSF

Directly estimates the 2D
PSF

ISO is a standard
procedure

Robust

Easy to implement

No numerical derivative
Lower noise
Single image analysis

Non-directional
Consistent

True Impulse Response
Small footprint

On-Orbit Spatial Quality Assessment Overview

Derivative

Edge modeling
Introduction of noise
BRDF effects

Large footprint
Directional layout

Line width
Directional layout
Small GSD Satellites

Not oversampled
Multiple mirrors or
overpasses
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s On-Orbit Spatial Quality Assessment:
‘?.; . Edge, Line and Point Target Overview

Edge Detection (Along: 51.518 deg) Mirror Line vs Edge Target FLARE Point Response Function
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Point Sources = Processing Insights

* Point Response
Function

* Ground Control
Points (<2cm)

« Assess algorithms
for MTFC

* Developing kernels
for deconvolution at
LO, L1, L2, etc.

* Insights and MTFC Imagery
forensics on images
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' Automatically detect/characterize reconstruction or
/ enhancement processing with FLARE

: = * Small target radiometry method

.« Point Source = Omni-Directional
Insight in one Image
 Cross-Track

« Along-Track

« Band dependence readily visible
and quantifiable in Image Quality
(1Q) evaluations

Along-Track

Multi-Band Comparsion (Along Track)

- Variance in spatial resolution per ..
band are automated and :

quantified. __.,sf &‘%..... N |

m. d Magnitud
jk 0 oy ceqe
groseensmt
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FLARE Radiometric System vs. Sentinel 2 bands

B o s

(=) FLARE Silicon Spectrometer
(®) FLARE NIR/SWIR Bands
(") Top of Atmosphere (ToA)

( ) Modeled Surface Irradiance
™ () Sentinel 2 Bands
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FLARE Top of Atmosphere (ToA) Signal
Dual Traceability - Langley & Sphere Methods

FLARE ToA Signal
Calibration Method Uncertainty (10)

Combined Calibration
ToA Uncertainty (10) —Langley (10/22)

10% —Langley (8/16)

8% ‘ —Sphere
2% ' '
400 500 600 700 800 900 1000 ‘ M"

. A,,,.a&vﬁ'}m J . A:AL___’ h

0%

Py .‘v g e i

400 500 600 700 800 900 1000
Wavelength (nm)

Full SWIR Uncertainty Analysis Coming Soon
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Mirror Empirical Line Method (MELM)

Different mirror in targets — DN/Mirror: Image po_365282 Glass Mirror SPARC Target
multiple levels in a scene
2500 ¢ Blue
m Green
1 ?r?irrors z % /A A Red
I "a" 1500 /‘ e NIR

20 80
mirrors g mirrors l

40 l.—.l 100
mirrors mirrors 0

0 20 40 60 80 100
b9 i
mirrors

120
Number of Mirrors

« MELM via Multi-LOOK events or

Spectral Band  Slope: DN/Mirror R’ Multi-Points in scene both provide
Blue 17.9 0.9898 . oo .
e = GG - Low Reflectance signal verification
Red 22.8 0.9917 « Gain
NIR 19.8 0.9965

 SNR

Results for Sept. 10, 2009 IKONOS collect.
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BRDF Validation via Pointing Angular Overpass

A FLARE target is a constant radiometric reference that tracks the satellite
= BRDF of anything in the scene can be determined

MELM Derived Surface Reflectance Factor For WorldView Spectral
Bands Compared To Ground Truth - Grass Field

0.60

——Nadir View Ground Truth Reflectance
® Band Integrated Ground Truth Reflectance <
% El.=53.5 Deg, Az.=329.0 Deg %
90 0.50 — j -
120 60 J # El =58.8 Deg, Az.=314.9 Deg : i \

A El. =60.4 Deg, A2.=306.3 Deg

El. =61.9 Deg, Az.=283.1 Deg
0.40 % El. =60.2 Deg, Az.=277.4 Deg
¢ El. =57.0 Deg, Az.=257.0 Deg
+ El.=47.5 Deg, Az.=232.4 Deg
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. Pointing Satellite Overpass & o0

multiple angle image

collections 0.00
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Wavelength (nm)
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FLARE Primary Benefits to a CAL-VAL Site

" & New and independent method vs.

™ classic vicarious calibration

= Radiometry & Spatial in ONE EVENT
= Fully automated synthetic target

= Small or Large target radiometry

= |mpulse system response

= Band registration

= Geospatial Control Points

= Applies to all levels (LO, L1, L2, etc.)
. = One-Sigma <3.5% VNIR Uncertainty

Scales and applies to Airborne, UAV &
Satellite calibration (mirror changes)

Common radiometric calibration &
harmonization for all data sources

FLARE can be scaled from 0.01m
to =1km GSD Pixels (OLCI, MODIS,
etc)
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! FLARE Advanced Benefits to a CAL-VAL Sites

Atmospheric measurements on
FLARE Sites in the Network

Added CAL-VAL Capabilities

= BRDF Ground Truth
=  Empirical Line Method
o SNR, Gain, Dark Target verification
= Point Method yields
- PRF, GSD, MTF & NIIRS
= Partially Cloudy = OK to Use FLARE
= Polarization / Synthetic Spectral
= Mobile Stations are possible
= Dedicated campaigns (Lamasquere?)

Quantifies atmosphere to get to
surface reflectance

MODTRAN enabled
Compliments/Enhances AERONET
m Hyperspectral / SWIR

= Hyperspectral atmospheric
correction (Inversion)

=  Chemo-Optical data sharing with
local aerosol/radiometric
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Calibration for ALL Assets =

Radiometric Spatial  Go right to surface reflectance
Response PSF « Atmospheric characterization and removal

« Sensor response to known signals
« BRDF
» Provide a stable, traceable reference for
any GSD/FOV
* Understand Geometry — PSF, MTF
» Understand Radiometry — 0.35-2.5um
* Precise Geo-location (GCP)

Harmonize different EO constellations &
architectures

——

« Time Series / Change Detection

FUSED DATA * Monitoring / Diagnostic Efforts
PRODUCT

FLARE « Optimize ML/AI results
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Examples of FLARE Results



Sentinel 2A: ToA Radiometric Comparison
Lambertian Target vs. FLARE (SDSU)

Diffuse Lambertian ToA FLARE SPARC ToA FLARE Site
Radiance Uncertainty Intensity Uncertainty
(10) (10) at SDSU
Band 1 - Coastal Aerosol
490 |[Band 2 - Blue 3.1% 2.7%
560 [Band 3 - Green 4.0% 2.6%
665 |Band 4 -Red 5.4% 4.3%
705 |Band 5 - Red Edge 4.8% 4.8%
740 [Band 6 - Red Edge 3.9% 4.9%
783 |Band 7 - Red Edge 3.9% 6.3%
842 |Band 8- NIR 3.8% 6.1%
I T 144 19.4792N496°49 497:7.W.
865 |Band 8A - Red Edge 3.6% 7.0%
945 |Band 9 - Water Vapor 8.8% 2.2%
| J40 [pbandy-Watervapor | =~ = ©06w© | @ f.£h |
Classic diffuse

Tarp at SDSU
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Temporal Trending on Landsat 8 and Sentinel 2B

Landsat 8 Normalized Radiance (FLARE = 1)

s LS8/FLARE
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Sentinel 2A 10 m GSD Image of SPARC Targets Level 1C

=  Targets are subpixel, > 1.5 min size.

= Intensity step is incremental, 1 to 4 without saturation.

=% = Targets visibly affecting pixels up to 6 x 6 pixel area (includes resampling for orthorectification).

% = Coloring in the wings of the profile indicates that the effects of the resampling are band dependent.

3
2x
4X
o 1

=  Resampling methods need to be improved so as to use the PRF/MTF information to direct the
energy back into the pixel that contains the target.
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g J Small Satellite Constellation — Example 1 (3m GSD)
& Sensor 1 Sensor 2

]
]
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> VH-RODA 2021 online workshop %8

VH-RODA Workshop 2021 | 20-23 April 2021 | Slide 33



g J Small Satellite Constellation — Example 2 (3m GSD)

J e
P Sensor 3 Blue

o
m
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Small Satellite Constellation - Example 3 (3m GSD)
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| ISRO - ResourceSat3A (LISS3)

20210306_FLARE Beta LOOK-R, LISS-3, Predicted and Integrated At-Aperture Radiance

LISS-3 '
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Digital Imaging and Remote : [ . FWHMx:&1 244 pix
Sensing Laboratory (DIRS) M os  FWHMy: 1.242 pix

~+ RMSE: 1.48%
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Better Calibration. Better Data. Better Decisions.

Thank you!

Questions and Comments may be directed to:

Chris Durell, FLARE Business Development — cdurell@labsphere.com C: 858-414-1885
Gabriel Berdou, European Technical Manager — gberdou@labsphere.com C: +33 (0) 6 29 21 38 90
Dr. Josh Hudson, FLARE Sales — jhudson@labsphere.com C: 817-771-4847
Dr. Brandon Russell, FLARE Science Lead — brussell@labsphere.com C: 203-241-7253
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