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FLARE Spatial and Radiometric 
Capability for CAL-VAL Sites

Chris Durell, Gabriel Berdou

Brandon Russell, Jeff Holt, Josh Hudson, David Conran

Labsphere, Inc.

Better Calibration | Better Data | Better Decisions
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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)

2
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What are SPARC and FLARE?

www.flare-network.com 
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SPecular Array Radiometric Calibration (SPARC)

FOV

FOV

Reflected 
Field-of-Regard

Detector

Aperture 
Stop

Aperture 
Stop

SPARC 
Mirror Solar 

RadiometerSolar 
Image

Sun

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.

Schiller et al. 2010. The Specular Array Radiometric Calibration (SPARC) method: a new approach for absolute vicarious 
calibration in the solar reflective spectrum. Remote Sensing System Engineering III. Proc. of the SPIE, Volume 7813
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FLARE is a traceable, 
adjustable “star” on the ground.
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FLARE Portal: Network Access via Cloud User Interface
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FLARE Portal: Network Access via Cloud User Interface

8

Calibration-as-a-Service
(CaaS)
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System Design, Installation and Expansion Plans

www.flare-network.com 
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Example: FLARE System to be Deployed at Mauna Loa
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Mirror Turret Design – Low Impact, Self Leveling

• Drop-in System 
(semi-mobile)

• 40 covered mirror 
positions

• Azimuth & 
Elevation pointing
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Radiometer Tower & Control Box = Guy Wires & Leveling

• 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

All Network activation is through cellular/satellite network connection 

FLARE system requires no power infrastructure
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MLO FLARE 
location:

Away from 
structures in 6% 
reflectance lava 
field.



VH-RODA Workshop 2021 | 20-23 April 2021 | Slide  15

V
H

-R
O

D
A

 2
0

2
1

 o
n

lin
e

 w
o

rk
sh

o
p

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

▪ Priority access to partner organization funding node build

▪ Node operation and maintenance by Labsphere

▪ 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)

▪ HALMA, parent company of Labsphere, is a worldwide company with European Offices
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FLARE Nodes FLARE Development 

• Alpha Node
• Arlington, SD

• SDSU Evaluation 
partnership

• Beta Node
• Ft. Worth, TX

• Mobile Node Update on 
Roadmap
• Prototype at Beta site

• Custom Campaigns 
• Manual campaigns for 

targeted geometry

• Commissioning Projects 
- individual assets or 
constellations

• Lamasquere?

• 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

www.flare-network.com 
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On-Orbit Spatial Quality Assessment Overview

Method Procedure Advantage Disadvantage

Edge Method • Indirectly estimates the 
LSF

• Both methods provide 
similar results

• ISO is a standard 
procedure

• Robust
• Easy to implement

• Derivative
• Edge modeling
• Introduction of noise
• BRDF effects
• Large footprint
• Directional layout

Line Method • Directly estimates the 
LSF

• No numerical derivative
• Lower noise
• Single image analysis

• Line width
• Directional layout
• Small GSD Satellites

Point Method • Directly estimates the 2D 
PSF

• Non-directional
• Consistent
• True Impulse Response
• Small footprint

• Not oversampled
• Multiple mirrors or 

overpasses

18
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On-Orbit Spatial Quality Assessment: 
Edge, Line and Point Target Overview

Mirror Line

FLARE Point Response FunctionMirror Line vs Edge Target

Edge Target

Pixel 

Chips
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Point Sources = Processing Insights

• Point Response 
Function

• Ground Control 
Points (<2cm)

• Assess algorithms 
for MTFC

• Developing kernels 
for deconvolution at 
L0, L1, L2, etc.

• Insights and 
forensics on images

MTFC Imagery

Raw Imagery
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• 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 
(IQ) evaluations

• Variance in spatial resolution per 
band are automated and 
quantified.

Automatically detect/characterize reconstruction or 
enhancement processing with FLARE

Cross-Track Along-Track
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FLARE Radiometric System vs. Sentinel 2 bands 
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FLARE Top of Atmosphere (ToA) Signal 
Dual Traceability - Langley & Sphere Methods

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

Results for Sept. 10, 2009 IKONOS collect.

DN/Mirror: Image po_365282 Glass Mirror SPARC Target
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2

Blue 17.9 0.9898

Green 25.2 0.9972

Red 22.8 0.9917

NIR 19.8 0.9965

Different mirror in targets = 
multiple levels in a scene

• MELM via Multi-LOOK events or 
Multi-Points in scene both provide 
• Low Reflectance signal verification 
• Gain
• SNR
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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

Copyright 2011 DigitalGlobe, NextView License

Pointing Satellite Overpass & 
multiple angle image 
collections
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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

▪ Impulse system response

▪ Band registration

▪ Geospatial Control Points

▪ Applies to all levels (L0, 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

▪ Quantifies atmosphere to get to 

surface reflectance 

▪ MODTRAN enabled

▪ Compliments/Enhances AERONET

▪ Hyperspectral / SWIR

▪ Hyperspectral atmospheric 

correction  (Inversion)

▪ Chemo-Optical data sharing with 

local  aerosol/radiometric 

Added CAL-VAL Capabilities

▪ BRDF Ground Truth

▪ Empirical Line Method

▪ 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?)
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Calibration for ALL Assets = Enabling ARD
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Examples of FLARE Results

www.flare-network.com 
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CW Band
Diffuse Lambertian ToA

Radiance Uncertainty 
(1σ)

FLARE SPARC ToA
Intensity Uncertainty 

(1σ)

443 Band 1 - Coastal Aerosol 2.7% 2.2%

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%

865 Band 8A - Red Edge 3.6% 7.0%

945 Band 9 - Water Vapor 8.8% 2.2%

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

FLARE Site 
at SDSU

Classic diffuse 
Tarp at SDSU
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Temporal Trending on Landsat 8 and Sentinel 2B
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Sentinel 2A 10 m GSD Image of SPARC Targets Level 1C
▪ Targets are subpixel, > 1.5 m in 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.

▪ 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.

4x

1x

2x

3x
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Small Satellite Constellation – Example 1 (3m GSD) 

Sensor 1 Sensor 2
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Blue Green

Red NIR

Sensor 3

Small Satellite Constellation – Example 2 (3m GSD) 
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Small Satellite Constellation - Example 3 (3m GSD) 

Blue Green

Red NIR

Sensor 4
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PRISMA (FLARE Beta Site) - >220 Bands

Images Courtesy of Leonardo DRS 

VIS NIR

SWIR
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ISRO – ResourceSat3A (LISS3)
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Hyperspectral UAV Example

Images Courtesy of RIT DIRS Laboratory 
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Better Calibration. Better Data. Better Decisions.

www.flare-network.com 

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

Thank you!

mailto:cdurell@labsphere.com
mailto:gberdou@labsphere.com
mailto:warnold@labsphere.com
mailto:brussell@labsphere.com

