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Hughes, Connor McGurk, Nick Waltham — RAL Space

< Radka Veltcheva, Jonathan Pearce - NPL
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Thermal Infrared Measurements

+Observations in the thermal infrared B(“)is( Ehh—> )
wavelength range (3-20microns) are useful for o ’ *t"bT
= nk' nstan
measurements of: » =t et cf bt inacuum

K= Boltzmann's constant

¢ Surface Temperature Measurements
¢+ Oceans
¢+ Inland waters
¢+ Land
< Fires
< Volcanoes

< Atmospheric Sounding
¢ Temperature
¢+ Trace gases
< Aerosols
< Clouds



Calibrating IR Instruments (Concept)
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Blackbody Heritage
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< Design was a direct development of the ATSR design for
the Sentinel-3 SLSTR instrument.

< Fully redundant electronics and thermometers
¢+ Increased number of components
< Increased power dissipation into cavity — affecting uniformity
<+ More complex integration

<Increased diameter to accommodate 2 optical beams
(nadir + oblique views)

¢ Demands from S3 budgets led to mass and volume
reductions



Towards In-Flight Traceability
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¢ Despite having on-board calibration systems, pre-launch calibration, in-
flight monitoring, cross-calibration methods, demonstrating traceability to
SIin the TIR is very difficult!

g Many assumptions are made:
¢+ Knowledge of on-board source radiances
+ Stability of on-board sources

+ Stability of spectral response
+ Etc...

¢How to provide on-orbit traceability?



CEOI-11 NGenIRS Project
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+ Next Generation InfraRed Calibration Sources

< Project Objectives:

< To build and characterise a fully functional prototype flight
blackbody demonstrator whilst advancing key technologies:

< Critical electronics for lower power and high accuracy
thermometry;

< Phase change cells to allow on-orbit temperature;

< Utilisation of carbon-nano coating process for infrared
calibration sources.

<+ Demonstration in operational environment to achieve TRL-5/6.

<+ Advancement of flight blackbody sources that may be exploited
for future Earth Observation and Meteorological missions.

< Building upon heritage from the SLSTR and 3
successful NSTP pathfinder precursor projects.

CAD Model

As Built



Target Missions and Benefits
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<+ Target Missions — Earth Observation:

¢+ The Land Surface Temperature Mission (LSTM) for the Copernicus Sentinel extension
programme;

+ Earth Explorer-9 Far-infrared Outgoing Radiation Understanding and Monitoring (EE9
I;(C))(S{UI\/I which plans to measure the Earth’s entire emission spectrum from 3.62 um —
um;

+ Sentinel-3 next generation which would replace the current Sentinel-3A - D.

+Main Benefits:

+ To provide in-orbit traceability to international standards (ITS-90) that is not currently
available for flight missions;

4+ Advancement of wlght black body sources that may be exploited for future Earth
Observation and Meteorological ‘missions;

¢+ Brings together work from three successful NSTP Pathfinder_Frecursor projects (TRL -
2/3)7Into a fully functional, flight-representative black body (TRL-5/6).



BB Technology Developments
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Black Coating Technology

Surrey Nano Systems (SNS) black
coating based on carbon nano-tubes
with high intrinsic emissivity

Applied to SLSTR BB target
Geometry

Integrated BB electronics

Very high accuracy, low power, low
mass, locally redundant
thermometers, all-digital interface

Phase Change Cells

Height 420 mm

Melting point of Ga 29.7646 ¢C
Traceable to Sl kelvin

Uncertainty < 1 mK (standard cell)



Thermometry Electronics
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< Pairs of semi rigid PCBs, each made up of interleaved
thermometer sensor nodes;

< Extremely compact, lightweight, consumes little power,
low noise and is mechanically robust;

< Provides an extremely simple Interface to the host
spacecraft and requires no external circuitry beyond what
is installed on the cavity.

< Uncertainty in thermometry calibration <10mK at k=1
traced to ITS-90.
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Miniaturised Phase Change Cells
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< Gallium fixed point cell to allow in-orbit
traceability to ITS-90 for in-orbit thermometry
calibration;

< Key results:
¢+ Melting plateaux of several hours duration with
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Vantablack® S-VIS coating
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<+ An ultra-black carbon nanotube
coating

< Emissivity > 0.95 over very wide
wavelength range up to 100um

<+ Candidate coating material for EE9 FORUM
and future BB sources

¢ NGenIRS black body cavity wall and
base coated

S-VIS black coating emissivity measurements performed by PTB.



Integrated System Tests
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< Fully integrated NGenIRS BBC tested under flight
representative thermal vacuum conditions.

¢ Test plan was based on that used previously for SLSTR flight units

< 4 thermal cycles including hot/cold non-operational and
operational cases.

¢ Thermal characterisation of BB temperatures at cold-operational
case (worst case).

¢ Thermometry system calibration referenced to SPRTs mounted
on cavity (as for SLSTR, AATSR)

<+ Demonstration of phase change transition in blackbody cavity

<+ Radiometric tests at PTB scheduled for September 2020

¢ Validation of end-to-end radiometric performance against
reference blackbody sources

NGenIRS (front) + Dummy (rear) in TVAC facility

Phase Change Transition as measured by
BB thermometry (PRT + electronics)



Achievements and Current Status
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¢ Demonstration of the ability to provide a fixed calibration reference within an
existing flight blackbody cavity design to ensure on-orbit traceability to the SI
kelvin.

¢ Demonstration of novel thermometry electronics and black body cavity could
be calibrated as a system with uncertainties <10mK (k=1)

¢Verification of performance of the critical functions within a flight
representative thermal environment to demonstrate TRL-5.

¢ BB design has been selected as the baseline for the calibration system for one
of the competing Phase A/B1 studies of the the EE9 FORUM mission.
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Abstract

CrossMark

The melting point of gallium, 29.7646 °C, makes it a very convenient fixed point for in sitm
of y in space ications such as Earth observation. NPL and RAL
Space have collaborated to develop a miniature ‘phase-change cell” using gallium. This report
describes the modelling, construction and thermal metrological performance of miniature
phase change pallium cells. These cells are intended to be embedded in the calibration
blackbody structure, near the temperature sensors, for the purpose of in situ recalibration of

those sensors. In this study, the blackbody structure was si

by a

block, and the ph hange cell and ther were embedded within the block. A

thermal model of the system was also developed using Comsol Multiphysics® and validated
against the experimental results, which provides useful information on further optimisation of
the system. Under the (realistic) test conditions in this study, the phase-change cell, containing
2.1 g of gallium, was able 1o produce clearly defined melting curves with a duration of several
hours and melting range of less than 5 mK, which represents sufficient performance for the
envisaged application. Overall it has been shown that the current design methodology is

fit for purpose and represents 2 solid foundation for raising the lechnology readiness level

sufficiently for in-flight use.

Keywords: phase change cell, gallium, ITS-90, i# situ calibration, calibration blackbody,

self-validation

{Some figures may appear in colour only in the online journal)

1. Introduction Both approaches are being vigorously pursued on a global
basis, and this paper is concerned with an aspect of the former

The difference between the amount of energy i on - app h. namely improving the hility of satellite-h

the Earth from solar radiation and the amount emitted back  measurements.

into space, known as the Earth radiation imbalance (ERT) or Satellite-b i rely on on-board

T Earth's energy imbal (EEI) [1] is perhaps the
single most important parameter for predicting the path of
global warming and climate change over the next few decades
12, 3] because the net energy is absorbed mainly (around
90¥) by the ocean, The ERT is less than 1% [4] and extremely
difficult to measure accurately; traceability is a crucial fea-
ture of related measurement efforts. There are two ways of
approaching the measurement of this effect, namely by (a)
satellite=borne measurement of the sunlight reflected by Earth
and heat radiated to space, and (b) measurement of changes in
the heat stored in the ocean and other heat reservoirs on Earth,
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blackbody cavities at known temperatures to provide in situ
calibration at regular intervals. The calibration blackbodies
must themselves be traceably calibrated. Early attempts at
measuring the ERI in this way suffered from large discrep-
ancies and separate satellites yielded inconsistent results
[3]. Absolute accuracy is crucial [2]. Recent emphasis has
therefore been on improving the accuracy and traceability
of the radiometric measurements, Problems ansing from the
unknown time-dependent calibration drift of the on-board
temperature sensors in the calibration blackbodies, even when
they are carefully prepared [5], are best avoided by having an
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