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“Understanding the complex,
changing planet on which we
live, how it supports life, and
how human activities affect its
ability to do so in the future is
one of the greatest intellectual
challenges facing humanity. It
is also one of the most important
for society as it seeks to achieve
prosperity and sustainability.”

NRC (April 2005)
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* Decision processes that serve societal
objectives

 The analyses, forecasts and models
that provide timely and coherent input
to those decision processes, and

 Observations selected to test and
systematically improve those forecasts



Required Forecasts:

Decision Structures in Critical Observations
Service to Society for: to Specifically Test

Forecast Credibility
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(absolute) standard on-
orbit, time works against
youl.

 With an Sl traceable
(absolute) standard on-
orbit, time works for you.
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climate record?

Radiance (W/cm?/sr/cm™)
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From project

Project Risk

From project and all
technical processes

From Technical
Assessmentand
Decision Analysis
Processes

e Cost
 Programmatic
 Political

Technical Risk Status
Measurements

From project and
Technical Assessment
Process

Technical Risk
Reporting
Requirements

From NASA Systems Engineering
Handbook NASA/SP-2007-6105 Revl

Management Plan }

Prepare a strategy to conduct technical
risk management

v

Identify technical risks

v

Technical Risk +
Issues

Conduct technical risk assessment

v

Prepare for technical risk mitigation

v

Monitor the status of each technical
risk periodically

v

Implement technical risk mitigation and
contingency action plans as triggered

Capture work products from technical
risk management activities

To Technical
Planning Process

Technical Risk
Mitigation and/or
Contingency Actions

To project and Technical
Data Management
Process

Technical Risk
Reports

To Technical Data
Management Process

Work Products of
Technical Risk
Management

Figure 6.4-1 Technical Risk Management Process
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Rigorously &
Independently
Validated Traceability
to the SI with Low
Uncertainties

No Tie to the SI & No
Uncertainty Analysis

No Traceability 0

Research Satellites
Meteorological Satellites

Imagery Satellites
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On-orbit Test/Verification (OT/V) Modules

Wisconsin & Harvard Technology Developments Under NASA 1P

Calibration
Space View

A

On-Orbit Spectral
"x Response Module

(Measures instrument line
Space shape)
View 2

Heated Halo

—T

On-Orbit Absolute

Radiance Standard

(Includes Multiple Phase
Change Cells for absolute
temperature calibration and
Heated Halo for spectral
reflectance measurement )

(used in combination with
Ambient space view for instrument

Blackbody caiibration)

(used for blackbody
reflectivity and Spectral
Response Module)

Viewing configuration providing immunity to polarization effects.

Harvard
University

EEEErEErEE,

Slide UW & Harvard NASA IIP Activities in Support of CLARREO
Interim Review #2, February 12, 2010
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 Unmeasured parameters influence
uncertainty
* Relevancy to given experiment depends on:

— measurement principle,
— physics and chemistry of materials and devices
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Normalized Radiance
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On-orbit Test/Verification (OT/V) Modules

Wisconsin & Harvard Technology Developments Under NASA 1P

Calibration
Space View

A

On-Orbit Spectral
"x Response Module

(Measures instrument line
Space shape)
View 2

Heated Halo

—T

On-Orbit Absolute

Radiance Standard

(Includes Multiple Phase
Change Cells for absolute
temperature calibration and
Heated Halo for spectral
reflectance measurement )

(used in combination with
Ambient space view for instrument

Blackbody caiibration)

(used for blackbody
reflectivity and Spectral
Response Module)

Viewing configuration providing immunity to polarization effects.

Harvard
University
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Slide UW & Harvard NASA IIP Activities in Support of CLARREO
Interim Review #2, February 12, 2010




reported in the
International System
of Units,
International Journal
of Remote Sensing,
24(2), 225-235,
2003.

Implemented on
INTESA

Sl units

Traceability established

N
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Deep space

Sl 2:
Blackbody 1

SI3:
Blackbody 2

—— Counts

Offset
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Butler et al. The Calibration and
Characterization of Earth Remote Sensing
and Environmental Monitoring Instruments
(2005)

Spatial Parameters

Spatial responsivity
Within field
Out-of-field

Spatial response uniformity
Within field
Out-of-field

Scatter into detector [K]

Abbreviated Table 10.2 from Butler et al.

2!;6 25‘36 3[;0 3(‘]2 364
Background temperature [K]

21




8 h \Y

3

B,(T) =

€. B, (T)

c (exp(hv/kr)_ 1)

«

v

T
d

On-Orbit Blackbody:

*Finite Aperture

sTemperature Gradient




Integration of
Phase Transition
with Blackbody

Phase Transition:
Gallium

Absolute
Temperature
on Orbit

Gallium - Ramp38 Match

29.860
Key Parameter Specification  As Delivered 20.840
Measurement Range 23310 313K | 23310 313K T 295820 / Cavity Test Data
Temperature Uncertainty | <0.1K (30) | <0.056 K € 20800 ——— Model Prediction
Blackbody Emissivity >0.996 >0.999 2 29780 / — Melt Node
£ 29,
Emissivity Uncertainty <0.002 (30) | <0.00072 I Iy No Melt Model
G 29.760 20.7646
Entrance Aperture 1.0 inch 1.0inch g I
& 29.740
Mass (2 BBs + controller) | <2.4 kg 2.1 kg /
29.720
Power (average/max) <22152W | 2252W f
29.700 r .
0 5000 10000 15000 20000
Time (seconds)
Gallium - Ramp38 Match - Zoom
Melt Material Thermistor 29.780
29775
7] Cavity Test Data
& 29770 } 5 mK —— Model Prediction
. MR peitNode
Soores _ i — —————  J_
K] No Melt Model
;i 29.760 — —29.7646
@
[
29.755
f Ge I E Thermistor potted into 29.750 ! ! ! ! !
ed into thermistor h Blackbody custom housing then 5000 7000 9000 11000 13000 15000
ed with stainless steel = th d into aluminum
ave and nylon plug. CaVltY cavity. Time (seconds)




Heated Halo
AERI BB Housing

AERI BB Cavity \
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Sensor

-

EM-QCL: Direct measurement of
ectional-normal reflectivity

Collimated QCL
Scene selection mirror

Blackbody under test 24



On-orbit analysis
of nonlinearity
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Radiance (W/cm3/sr/cm™)

| Radiator to decp space I

Quantum
Cascade
Laser

instrument Line
Shape and
Spectral
Response
Function On-Orbit

Atmospheric
Rotational-
Vibration
Lines
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Polarization Effect
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field objects

It can be minimized by
good design, leaving a
small residual uncertainty

The residual uncertainty is
determined by scatter,
multiple reflections,
diffraction, and optical
defects

How do we objectively test
this uncertainty?

Array
detector
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ABg scattering

Diffuse scattering
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Thermopile
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Vacuum
chamber

Test
blackbody
on sliding
rail

Sl



Programmatic
e Political

Implementation
details make or
break the risk
reduction
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