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ST oromion im0 AIRS Designed for High Accuracy and Stability

AIRS Features

*  Orbit: 705 km, 1:30pm, Sun Synch

*  Pupil Imaging IFOV : 1.1° x 0.6°
(13.5 km x 7.4 km)

« Scanner Rotates about Optical Axis
(Constant AOI on Mirror)

* Full Aperture OBC Blackbody, €>0.998
» Full Aperture Space View
« Solid State Grating Spectrometer

 Temperature Controlled
Spectrometer: 158K

» Actively Cooled FPAs: 60K
* No. Channels: 2378 IR, 4 Vis/NIR

« Mass: 177Kg,
Power: 256 Watts,
Life: 5 years (7 years goal)
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Grating Spectrometer

IR Spectral Range:
3.74-4.61 um, 6.2-8.22 um,
8.8-15.4 um
IR Spectral Resolution:
= 1200 (A/AL)

No. IR Channels: 2378 IR



e p— Extensive Pre-flight Calibration on AIRS Ties to
California Institute of Technology
NIST Standards

CONTAMINATION
i MONITORING .
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STATION
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STATION

 Radiometric Response
— Emissivity, Nonlinearity | < b

— Stray Light, Polarization "chioen” = :

— Scan Angle Dependence in TVAC | s ==k

— Transfer to On-Board Blackbody el

— 2 TVAC Cycles e - : lf
« Spectral Response @@ = aV

— SRF Characterization with FTS = |U . mllllllll“

— Channel Spectra Characterized li - -
« Spatial Response

— Top-hat Functions All Channels
— Stray Light Excellent
— Far Field Response Excellent
* Good Documentation
— Over 400 Design File Memos




Jet Propulsion Laboratory NIST Traceable External Large Area Blackbody

California Institute of Technology

ILABE Cavity Overall Sicde View

ll 185" - ~i
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Internal Cavity Surface Dimensions
* Qaa 21054474 for anvelops raguiremants Mot o scale, Cold Batfle removed for clarlty

(LABB) and Space View (SVBB)

 Large Area Blackbody (LABB)

* T =190K to 360K

« £>(0.99998

* NIST Traceable PRTs (Rosemont)
« T_precision = 0.01K

« T _accuracy = 0.027K

» Space View Blackbody (SVBB)
e T<80K

« £>(0.99998

« T _precision = 0.01K

« T_accuracy = 0.5K




N&% Calforna matiute of Teonnology AIRS Images Pupil with Multiple Linear Arrays

AIRS Module SpectrallBand Limits Entrance Pupil Slit Map Grating [I)» Focal Plane Color Map
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e p— AIRS Scan Mirror and Spectrometer Act Like
California Institute of Technology .
Polarizer and Analyzer

AIRS Theoretical Transmissions Modified by Measured Polarization S H
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Jet Propulsion Laboratory

caiormia nstieof recroogy — VIUITIPlE Methods Used to Determine p.p; in V5

prpt as measured, modeled and using radiometry
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High Uncertainty
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Jet Propulsion Laboratory

Calfornia Insttute of Technology New Method Uses Multiple Space Views

% : . .. i
SV Angle (Deg) If RADIOMETRIC SOURCE Every space view in the mission used to give 171 monthly averages
Svl: 91.6943 / | (BLACKBODY CAVITY)
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. g
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california Institute of Technology P Ol@rization Parameters Calculated Over Mission Life

AIRS Polarization Product(prpt) and Fit Offset (prpto) AIROSOF:oIarization Product(prpt) for Module Center Channels
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AIRS Polarization Product Fractional Drift
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Jet Propulsion Laboratory

carorna nsine of Tecrnoiogy V' /K- Compared to V5: Polarization and Phase

P.P; phase

- V5 vs V7 Polarization Product (prpt) 15— : ,Vs vevT Plhase . '
: V5
V5
0.008 | c vkl : - V7K
1t ,": 7
0.006 - e T
4 - it
: i | 2] ]
5 0004 " ® 05 '
_g : E/ J \\h
8 0002} E @ i —
% ;.J r o 0 _4 - o
% o -w kpﬂ .?|‘ . Ll é *..\ W \’\/ A.‘ é -—\
N s Y A& S | B .
5 -0.002 | i % 05 b3 "
g R; r- P :
-0.004 | /\ i & i ‘ .
-0.006 | i il :
-0.008 | ;
_15 1 1 L L L L
-0.01 4 : : : ‘ ' 4 6 8 10 12 14
4 6 8 10 12 14 Wavelength (um)

Wavelength (um)

11



Nk‘

Jet Propulsion Laboratory
California Institute of Technology

V5
- Residulal Errors in Reconstll'ucted Vievy Signals @ 200K
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Jet Propulsion Laboratory

California Institute of Technology Wh at |f We aSSU me O Phase Ilke V5?

« Concern of L/R Asymmetries see in DCC data
« Focusonv>2100cm?and v<870cm
« Small Change in “shortwave”; Higher polarization and higher residual errors in “longwave”

005 Residual Errors in Reconstructed View Signals @ 200K 001 AIRS Polarization Product Fit Offset (prpt,)
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"&% Galfornia natute of Teohnology Correction Required to SV Prior to Median

Corrected-Uncorrected SV Median and SV Std

AIRS takes median of space views prior to

1 Residual Errors in Cal Equation SV Angle Appx @ 200K Subtracting from earth view
> .l Qm.___. vedan| | Version 5 assumes all SV’s at 90°
I std . . .
= o |  Residual error results when taking median
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caroma nstueor Teernooy — Canges Made to Emissivity and Nonlinearity

V7k Emissivity Smoothed over Channels V7k Uses Separate A & B Nonlinearity
- V5 vs v7k Emissivity V5 vs v7k Nonlinearity Coefficient (a2)
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Temperature (K)

V7k Shows Biggest Differences for Cold Scenes
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caromia nstueof Tecnoogy — NEW Version Agrees Better with CrlS on SNPP

Average Scene Radiance of Difference Random Sample Differences
-— Brightness Temperatures in CriS-AIRS Comparison - AIRS v7k-V5 Compared to CrIS-AIRS V5
—=—— AIRS V7k-V5
290 r 7 04 r CrIS-AIRS V5 |
280 - , ——
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2 ! 2
© 250 | ©
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Crosstrack Infrared Sounder (CrlS) on the Suomi NPP Satellite Prior to taking median 17
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caioma nsiwieoi ooy ZOOM N ON LW shows wiggles may be improved &3

AIRS v7k-V5 Compared to CrIS-AIRS V5
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135 14 14.5 15
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Contributors to Accuracy at 9.1um

Parameter 2-6 2-6 2-6 2-6
Parameter | Parameter | Radiometric | Radiometric
Uncty Uncty Uncty (K) Uncty (K)

Version V5 V7k V5 V7k
Uncertainty in LABB Temperature 0.03K 0.06K 0.030 0.060
Uncertainty in LABB Emissivity 0.0001 0.0001 0.004 0.004
Uncertainty in Scan Mirror Temperature 1.00K 1.00K 0.007 0.007
Uncertainty in Polarization Amplitude 0.0013 0.0003 0.076 0.017
Uncertainty in Polarization Phase 0.118r 0.013r 0.015 0.001
Uncertainty in OBC Blackbody Emissivity 0.0017 0.0015 0.065 0.059
Uncertainty in OBC Blackbody Emissivity (EOL) 0.0002 0.0002 0.008 0.008
Uncertainty in OBC Blackbody Temperature 0.05K 0.10K 0.033 0.067
Uncertainty in Nonlinearity 4.09%* 1.29%* 0.340 0.120
Uncertainty in drift in space view 0.08dn 0.08dn 0.004 0.004
Total Uncertainty at 250K 0.371 0.165
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California Institute of Technology .
All Channels (2-Sigma)

Temperature Uncty for AIRS: 250K
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V5

Radiometric Error vs Scene Temperature

!adio(r)nSetric Uncertainty vs Scene Temperature for AIRS by Module
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!adio(r)nsetric Uncertainty vs Scene Temperature for AIRS by Module

Radiometric Uncertainty (K)
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« AIRS designed for high accuracy and stability
« 16+ years of data now available for science investigations

 New Version of radiometric calibration coefficients developed: V7k
— New time dependent polarization and phase
— Smoothed emissivity
— Separate A and B side nonlinearity. Uncertainty looks still looks high.
— Better agreement with CrlS on SNPP
— New coefficients under evaluation by AIRS calibration team for V7 release in 2019
« Radiometric Accuracy
— Reuvisited accuracy of all contributors compared to 2008 analysis
— New estimates relate to V7k. Compared to V5.
— Some areas worse: Increase in LABB and OBC temperature uncertainty
— Some areas better: Reduction in errors due to polarization

* AIRS, CrlIS agree well, within the uncertainties estimated
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