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1. Introduction of Hyperspectral Infrared Atmospheric Sounding
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» The objectives of the Hyperspectral IRS are to:

* Provide information on vertical structure of water vapor,
temperature and wind at high spatial, temporal, and
vertical resolution (4 km, 1 h, 1 km).

» Support air chemistry and air quality applications (O3, CO).

» Support regional climate variable records (LST/SST).
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1. Introduction of Hyperspectral Infrared Atmospheric Sounding

Polar Multi- & Hyper- spectral Sounder History & Future
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1. Introduction of Hyperspectral Infrared Atmospheric Sounding

CAKTH OPSCERVING 3 GIFTS

Geostationary Imaging Fourier Transform Spectrometer
GIFTS — A revolutionary weat

Detector arrays: 128x128;

Spec. bands: 685~1130 cm-1, 1650~2250 cm-";
Spec. Res.: <0.6 cm-1;
: = % Spatial Res.: 4 km x 4 km per pixel;
ner jorecast too! > Dwell Area: 512 km x 512 km;
' » Time interval: 1~11 s;
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Horizontal: Large area format Focal _
Plane detector Arrays ‘&
Vertical: Fourier Transform 4-D Wind. Temperature, Water vapor
Spectrometer > In 2000-2006, NASA GIFTS is the combination of the
¢: Geostationary Satellite Fourier transform spectrometer and the large area
format detector array (i.e., an imaging interferometer),
and the geo. satellite platform.

»1In 2006, GIFTS was cancelled due
constraints.

» The Hyper-spectral imaging interferometer concept: GIFTS




1. Introduction of Hyperspectral Infrared Atmospheric Sounding

InfraRed Sounder Meteosat Third Generation - Sounder

Hyperspectral soundings of the atmosphere
Every thirty minutes over Europe
Other regions covered in between

Credit: EUMETSAT

» The Geo. IRSs currently in orbit

* FY-4A/GIIRS was launched on December 11th, 2016,

* FY-4B/GIIRS was launched on June 3rd, 2021,

* MTG-S1/IRS was launched on July 1st, 2025,

* FY-4C/GIIRS is scheduled to be launched on December 27th, 2025.

» Unlike the scientific demonstration of FY-4A satellite, the observations of FY-4B and followings will be used in the
operational models.
P 4 A
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2. FY-4C/GIIRS Update
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3. FY-4/GIIRS Preflight Test Campaign

ﬂ f'.| | I R » The interferograms are convert to raw
spectra by FFT, and then the raw spectra
are further calibrated to radiance.
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3. FY-4/GIIRS Preflight Test Campaign

GIIRS model in TVAC chamber
Courtesy SITP "

Variable Blackbody

(VBB)
GIIRS PFM
g . {| \ --}‘"‘\_‘_ ‘rJ".’I
4= ool
Truss-frame
» The prelaunch test campaign of GIIRS proto-flight-model (1| Collimator EN / ceB VBB
was completed by SITP in February, 2020. The instrument | F b

and ground support equipments were located inside the ..
thermal vacuum (TVAC) chamber. The most important
tests in TVAC are geometric optical test, spectral and \ / « Tu7
radiometric performance tests. GIIRS Model GIIRS Model
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4. FY-4/GIIRS Spectral Calibration

Off-axis optical path : / Cymometer
Off-axis beam I
¥ - !
) JR—— 2 |
\‘}%c..-::::;;;Z::fill::ZZZ:ZZ:ZIZ:E‘T{:Z: < L . ‘ g I GIIRS MOdel
oy . /] I ' ] - [ l
§ S M2 M S/ s 8 1 CO2 laser / \
o I
On-axis béam :
I M2 d / 1
|
|
" T T T i[ T T T I
1_C_req|t:_}_-t_, Revercomb, 2003 . 1| —— Ideal sinc function, sinc(2n(v-1750)X) | | I
: il {" R s!mulatedILS for on-axis ;_:ixel \ Collimator
08l . . - S et ;‘\ —— simulated ILS for corner pixel | \
H N T
= 08 _ 1IN | T Mmoo 1 -
1 VO i i Q
il P, z
[ARAA &
| | | =
Blackbody

» |In spectral calibration tests, the setup consists of two quasi-monochromatic lasers with a metrology calibrated
cymometer, one Integrating sphere, two separate gas-cells filled with ammonia and carbon monoxide, a background

blackbody, and a collimator.

» The 10.6um CO, laser was used to measure the LWIR instrument line shape (or ISRF), and the 5.4um CO laser was used

to measure the MWIR instrument line shape.

» The Gas-Cell measurements are used to obtain the self-apodization correction coefficients and further to evaluate the

spectral calibration accuracy.

e
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4. FY-4/GIIRS Spectral Calibration

LW ISRF tested by 10.59 ym CO2 Laser
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4. FY-4/GIIRS Spectral Calibration
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4. FY-4/GIIRS Spectral Calibration

Ammonia Carbon Monoxide
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Comparison of calibrated NH3/CO spectrum and the LBLRTM simulations
p =60/, =5ppm

» The reference spectrum of ammonia/carbon monoxide in gas-cell is simulated by LBLRTM model. Then the self-
apodization factors were estimated by comparison of measured spectrum and LBLRTM simulations. After SA correction
and spectral re-sampleing, the spectral accuracy is less than 5 ppm.

» Although the SA correction coefficients were estimated from gas-cell tests, they were still adjusted based on the actual
atmospheric spectral lines after GIIRS launch. 11 A
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5. FY-4/GIIRS Radiometric Calibration

! ' ' ' Variable Temperatures of VBB in
- f } TVAC Chamber
0.98F -1
g #_ TwwK T K TiernK
£ 0 "'\ i 1 180.15 98.98 300.79
58]
0.96f A e N . 2 190.15 79.79 300.24
095 - L — ) 3 200.15 78.80 300.21
500 1x10° 1.5x10° 2x10° 2.5x10°
4 210.15 78.66 300.22
Wavenumber (cm’l)
5 220.15 78.51 300.22
Emissivity of VBB 6 230.15 78.31 300.20
\ , 7 235.15 78.47 300.26
L) 8 240.15 78.93 300.38
V) _ _ _ o _ _ _ 9 245.15 78.13 300.53
> GIIRS radiometric calibration is based or.1 linear calibration 10 250.15 7795 300.65
methodology. Then, two reference views are used for 1 15515 7793 300.79
radiometric calibration. one is onboard blackbody (or ICT), 12 260.15 77.90 300.92
GIIRS Model the other is cold space. 13 265.15 77.86 301.02
» The radiometric calibration setup consists of a cold 14 270.15 77.81 301.19
|nterna| Ca“bration Ta rget (|CT) is a blaCkbOdy (CBB) and ad Variable blaCkbOdy (VBB) The VBB iS 15 280.15 76.99 301.30
internal BB with 300K. simulated as the Earth scene with view field being as same 16 290.15 76.92 301.43
as that GIIRS view the Earth in orbit. It is based on circular 17 295.15 76.97 301.54
concentric grooves, and the emissivity in LWIR is better 18 300.15 77.86 301.93
than 0.98, and in MWIR is better than 0.95. 19 305.15 71.73 301.99
20 310.15 77.58 301.99
21 315.15 77.61 302.04 A
22 32015 77.60 30293
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5. FY-4/GIIRS Radiometric Calibration
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» One Case:

* CBB-Temp: 76.437K

* VBB-Temp: 280.151K
* ICT-Temp: 300.196K

Radiometric Calibration Model:

o)= Cyps (0) _<CCBB (G)> } o 4{ <CICT (@ )>_CVBB (@)
Lygy ( ) = & ( L, (T1CT > ) <CICT (0 )>_ <CCBB (G)

}‘ |:L|CT (Tier>0) = Lews (O')JJr Legs (o)

> “Legy (O')
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5. FY-4/GIIRS Radiometric Calibration

FY-4B/GIIRS NEdR
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NEdR estimated from calibrated spectra of CBB, VBB, and ICT,
respectively. The dash lines define the spectral ranges of two bands
with LWIR: 680~1130 cm1, and MWIR: 1650~2250 cm-1.

» GIIRS NEdR meets the requirement of 0.5 r.u. in LWIR band
and 0.1 r.u. in MWIR band.

» Due to defects in the detector process, the NEdR of Pixel-
16,-17,-31,-96 is larger than others, especially Pixel-96.

NEdR (mW/[m?-sr-cm™])

FY-4B/GIIRS NEdR for All FOVs
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5. FY-4/GIIRS Radiometric Calibration

Radiometric calibration error of Pixel-56 for a 280K reference source

285 : - rGIIF(S Cal. BIT for FOV-56 @ HBB 280K1 4 ; = 140 | ; |
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VVavenurnber(mﬂ‘W

LT K

| BT Residual Samples —&— Mean BT Residual5|
1 1 1

LI I O Y general, according to TVAC test, the average deviation of
gé_ i | | (=59, Devistion of 67 Resicuar] | GIIRS radiometric calibration meets the requirement of 0.7 K,
g 1k i but the noise or low SNR still affects the radiometric
%o w | | | | | | | . accuracy in the LWIR edge channels and in the MWIR

800 800 1000 T 1800 2000 2200 2400 2000~2250cm 1 spectral range. Considering the large water
avnumber (cm’ ') . . . .
vapor absorption lines in the MWIR band, the detection of

GIIRS Radiometric calibration results. (a) bright temperatures (BT) 4.4~6.06 um infrared radiation in geostationary orbit is
of FOV-56, (b) brightness temperature differences with an indeed a great challenge.
averaged bias and (c) standard deviation of the BT differences.

151£2i

NSMC




5. FY-4/GIIRS Radiometric Calibration

LWIR ICT Raw Spectrum
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Nonlinear response of LWIR photoconductive infrared detector
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O g Pseudo-spectral features caused by nonlinear effect with
L = ot baslne that in low wavenumber range shown in zoom-in subplot

» GIIRS LWIR uses a photoconductive HgCdTe detector, » The linear calibration principle requires that the

which has a high nonlinear response, while MWIR uses instrument should be a linear response system.
a photovoltaic HgCdTe detector, which has a good Therefore, a non linearity correction step is performed
linear response. on the interferograms or on the raw spectra.

16A
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5. FY-4/GIIRS Radiometric Calibration

GIIRS BT Residuals(FOV-56) varies with HBB Temps

LWIR Nonlinearity Correction Method

IFG,. =IFG, +a, -IFG. +---
IFG, =V, +IGM

m i

BT Residuals {K)

1
p:}f (D-] - _Z Cm (D-)|
P2
InsResp(&) = |Crz*3 (0)—Clss ("5:'|

Lipp (0. 7155)

a, = arg min {Li [ImRespj (o)— (ImRespj (o‘])]: }

a n—1 j=1
» Due to the nonlinear effect, the radiometric calibration IFG,,: measured interferogram with AC item JGM, and DC V.
deviation of LWIR band will change with the VBB IFG~g c: nonlinearity corrected interferogram.
temperature. For the MWIR band, the radiometric Cin: nonlinear spectrum. FFT{IGM,}.

Cyg.c: nonlinearity corrected spectrum.

calibration deviation does not change with VBB p: modulation depth of interferogram.
temperature, but it is greatly affected by noise when InsResp: instrument responsivity varying with wavenumber o.
observing cold scenes. Lyvgpg: radiance of VBB at temperature of Tygp.

<->: sample average operator.
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5. FY-4/GIIRS Radiometric Calibration
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LWIR nonlinearity correction coefficients (a,) for all 128 pixels.
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(a) FOV-56 responsivities for different HBB temperature before
the nonlinearity correction; (b) FOV-56 responsivities after the

nonlinearity correction.

» The NLC method is based on the fact that the instrument responsivity for a linear response system should remain

constant even if the temperature of observed scene varies.

» as long as we find a suitable nonlinear correction coefficient that converges the instrument responsivities at different VBB
temperatures, then a nonlinear spectrum is corrected to a linear spectrum.

18
NSMC




5. FY-4/GIIRS Radiometric Calibration

GIIRS BT Residuals(FOV-56) varies with HBB Temps
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6. Post-launch Applications

RzmEEukESME T HFIASEERN{GIRS)
A —FEERELBRRES SR
Observations of Carbon Monoxide Column Density from FengYun-dB/GIRS
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Credit: Peking University and Mational Satellite Meteorclogical Center
» Typhoon Hinnamnor observation by FY-4B/GIIRS. » Transportation of CO Column Density from FY-4B/GIIRS
Observations. 20

NSMC




That’s all Folks
Thank you for your attention

Lu Lee
lilu@cma.gov.cn




