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• Philosophy of SI traceability already discussed

Talk overview
• Philosophy of SI traceability already discussed

– Included definitions and basic concepts
– E. Shirley’s talk from Tuesday
– S. Leroy’s and A. Mannuci’s talks from Tuesday
– J. Dykema’s and M. Mylnczak’s talks from yesterday

• Concentrate on applying SI traceability to RS instrumentConcentrate on applying SI traceability to RS instrument
– Past approaches for imaging systems
– In orbit detector-based approach
– In orbit solar-based approach
– Sensor-model traceability
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• NIST traceable standards can be primary secondary etc

Sphere source example
• NIST-traceable standards can be primary, secondary, etc.
• Uncertainties increase the “further” from primary
• SI traceability is through the primary standardy g p y
• SI traceability can be broken if transfer of source from NIST to 

laboratory is 
not done

NIST Calibration
facility

At NIST

not done 
properly

NIST’s standard source

facility

Your Calibration
facilityNIST s standard source facility

NIST Primary standard
Secondary standard

Radiance
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• Preflight and inflight calibration require

Source-based calibration
• Preflight and inflight calibration require 

sources of known output
• Lamps and sphere sources
• Calibrate source on ground and assumes 

it maintains itself going to orbit or a 
monitoring systemmonitoring system
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• Detector based approaches assume that radiometers can be

Detector-based approaches
• Detector-based approaches assume that radiometers can be 

used to assess a given source
• Detectors tend to degrade more slowly than lamp sources
• Radiometers more robust and portable than some sources
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• Solar diffuser

In orbit MODIS example
• Solar diffuser 

approach
• SRCA 

(spectroradiometric
calibration 
assembly)assembly)

• Space view
• Lunar view
• SDSM (solar diffuser 

stability monitor)
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• MODIS monitors degradation of diffuser with time

Diffuser degradation
• MODIS monitors degradation of diffuser with time
• SI traceability would be broken without monitoring degradation
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Inflight - vicarious

Measurements of surface reflectance of a 
homogeneous test site Predict at-sensor 

radiance for a selected 
area of the site and 
compare to imagery

RTC 
C dCode

Measurements of atmospheric conditions
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Vicarious versus lamp example
• Example from ASTER 1.40

L1A  L1A Curve Fit OBC OBC Curve Fit

• Example from ASTER 
which relies on a lamp-
based calibrator
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• Lamp data have been
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• Key result is that the 

lamp data are not 

0 500 1000 1500 2000 2500
Days Since Launch

Band 3N - All Dates

1.10
1.15
1.20
1.25

p
consistent with the 
reflectance-based 
results

0.85
0.90
0.95
1.00
1.05

0 500 1000 1500 2000 2500

CLARREO Science Team Meeting 8 July 2010:  N - 9Use or disclosure of the data contained on this sheet is subject to the restrictions on the IMR cover page

results Days Since Launch



• Require a new approach to achieve the high accuracy needed

Approaches for CLARREO
• Require a new approach to achieve the high accuracy needed 

for the RS
– Lamps lack full path and aperture
– Diffuser approaches precision/accuracy limited by BRDF
– Detector-based approaches require a method to monitor the 

monitors
• TRUTHS methodology is a “NIST” in space thinking
• Current CLARREO methodology is to rely on an absolute 

“ l ti ” t“relative” measurement
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• Recall the basic traceability

TRUTHS
Recall the basic traceability 
for TRUTHS

• Primary reference standard 
is cryogenic radiometer

• Tunable monochromatic 
Optical beam 
(monochromator dispersed 
solar) calibrates othersolar) calibrates other 
TRUTHS instruments

• Earth imager aperture 
illuminated by diffuse solar 
f d l bl diff (from deployable diffuser (or 
Moon, or Earth)

• Radiance measured by 
multi-channel polarizedmulti channel polarized 
filter radiometer calibrated 
traceable to CSAR as 
above.
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• TRUTHS calibration of the imager

TRUTHS
• TRUTHS calibration of the imager 

and solar sensor is effectively a 
detector-based approach

• Polarising Transfer Radiometer
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• CLARREO reflectance retrieval relies on the ratio of the benchmark

Calibration overview

• CLARREO reflectance retrieval relies on the ratio of the benchmark 
data to the solar data

– Account for temporal variability in sensor
C b t d t b l t di i k l i di– Can be converted to absolute radiance using a known solar irradiance

• Need to include uncertainties in sensor characterization
– Straylight changing

 Sensor solid angle (footprint)
 Sensor aperture
 Attenuator area

– Detector response uncertainties
 Nonlinearity
 Polarization
 Flat field correction
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• Characterize the sensor to SI-

Calibration Approach

traceable, absolute radiometric 
quantities during prelaunch 
calibration

 Watt
Irradiance mode

Prelaunch Laboratory
Measurements

On-Orbit Sensor
Measurements

 Irradiance mode
 Radiance mode

• Determine geometric factors for 
conversion to reflectance

– On-orbit calibration “validates”

Sensor Model

Update
Model– On-orbit calibration validates  

the prelaunch calibration
– Solar and lunar views used to 

determine temporal changes
• Key is to ensure prelaunch 

No

M d l/

On-Orbit Sensor
MeasurementsPredicted On-Orbit

Sensor Output

Model

y p
calibration simulates on-orbit 
sources

– Absolute irradiance calibration 
for solar view
Simulated geometry of solar and Yes

Model/
Measurment

Agree?

– Simulated geometry of solar and 
lunar views for stray light

• Successful transfer to orbit 
achieved when sensor behavior 
can be accurately predicted

CalibratedYes
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Calibration Overview

O ti
Attenuator
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A Tattenuator attenuator,
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• Attenuator verification relies on trending of lunar views

Calibration overview
Attenuator verification relies on trending of lunar views 
without attenuator

– Compare to trend of sensor output while viewing sun with 
attenuator in place

– Different trend behavior indicates attenuator issue Attenuator
ifi ti

Post-launch

• Comparison of solar irradiance reported by CLARREO to 
other on-orbit sensors indicates whether absolute 
calibration is maintained in going to orbit

– Indicates whether geometric factors are well understood 

verification 
A Tattenuator attenuator,

Absolute
response eval *g

(attenuator area)
– Stability of absolute detector response

• Relative response measured in laboratory compared to 
that derived on orbit for consistency

Ri j
sensor
,

response eval. 

Relative
response

• Artifact determination
– Sun and moon provide sharp boundaries for stray light, 

ghosting
– Stellar and planetary sources provide point sources for 

l ti f ti l

r Ri j
flat field sensor
, ,

response 

Sensor Artifacts
a astraylight straylight straylight

*
evaluation of spatial response

– Polarization sensitivity assessed using earth-view scenes 
(e.g., ocean views at large angles)

– Non-linearity evaluated by varying attenuators
Size of source effect is most difficult to issue to understand
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SIRCUS Traceability
SIRCUS id• SIRCUS provides a 
feasible option for 
simulating on-orbit 
sources

Ab l t• Absolute response
• Stray light

• SIRCUS relies on a set 
of well-understood 
t bl ltunable lasers

– Variety of techniques 
used to condition laser 
output
O t t h t i d b– Output characterized by 
CLARREO Transfer 
Radiometer and 
monitors on sphere

• Provides a• Provides a 
monochromatic source 
that can achieve 0.1% 
absolute uncertainty
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Meeting L1 Measurement Requirements
* POWR – Primary Optical Watt Radiometer



SIRCUS and CLARREO
Ulti t l i t h t bl SIRCUS lik f ilit f• Ultimate goal is to have a portable SIRCUS-like facility for 
calibration of RS instrument

• Portability needed to ensure its use at a vendor facility
• Necessary to achieve needed accuracy• Necessary to achieve needed accuracy

• SIRCUS-like facility includes
• Monochromatic source

• IrradianceIrradiance
• Radiance
• Cover full spectral range of CLARREO

• Broadband transfer radiometers
• Monitor output of source

• Transfer radiometer #1 – VNIR
• Transfer radiometer #1 - SWIR

• Maintain traceability to NIST laboratories
• Transfer radiometer #2 – VNIR
• Transfer radiometer #2 - SWIR
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Meeting L1 Measurement Requirements
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Spatial Engine 
•  Maps/projects spectra into 

UUT pixels per Abundance 
Images 

•  Reference instrument 
characterizes output 

Reference 
Instrument 
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Broadband Fiber  
Light Source 

Spectral Engine 
•  Uses light from fiber source 
•  Produces programmable spectra that 

match component spectra 
•  Directs these to Spatial Engine 
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 and Abundance Images 
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Summary
• SI traceability of RS instrument at 0 3% absolute uncertainty is a• SI traceability of RS instrument at 0.3% absolute uncertainty is a 

challenge
• Traceability of using sun as calibration source is not at issue
• Key issues for traceability are

– Proof of transfer to orbit
Methods to evaluate attenuator behavior with time– Methods to evaluate attenuator behavior with time

– Stray light
• Issues are tractable

– Absolute solar irradiance measurement and instrument modeling 
provide transfer to orbit

– Lunar verification
– Solar, stellar/planetary, and lunar sources

• Error budget demonstration is a must
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