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Background

e Visible/Infrared Imager Radiometer Suite (VIIRS)

Key instrument for S-NPP (L: 2011) and future JPSS missions

14 reflective solar bands (RSB), 7 thermal emissive bands (TEB), and 1 day
night band (DNB)

Spectral wavelengths: 0.4-12.4 mm
Spatial resolution: 375 m for DNB and | bands and 750 m for M bands
Sensor Data Records (SDR): equivalent of MODIS L1B

22 Environmental Data Records (EDR): equivalent of MODIS science data
products

e Strong MODIS Heritage

Spectral band selection

On-board calibrators

Calibration strategies

Calibration scheduling and data analysis tools



VIIRS Spectral Bands and Data Products

VIIRS 22 Bands

(16 M-Band, 5 I-Band and 1 DNB)

VIIRS 20 EDRs
(Land, Ocean, Cloud, Snow)

VIIRS BandISpectral Range (um)I Nadir HSR (m) | MODIS Band(s) Range HSR Name Of PI’OdUCt GI’OUp ‘ Type
' ' Imagery * Imagery EDR
DNB 0500 - 0.900
| | =
© ML | 0402-0422 | 750 8 0405-0420 | 1000 | | Precipitable Water Atmosphere EDR
@ M2 | 0436-0454 | 750 9 0438-0448 | 1000 | | Suspended Matter Atmosphere EDR
i i - - .
@ M3 | 0478-0498 |, 750 3 10 822282;2 150%00 Aerosol Optl_cal Thlckness Aerosol EDR
° ] | 0545 0565 =00 Aerosol Partlclg Size Aerosol EDR
M4 | 0545-0.565 | 750 Lardz 0546 - 0.556 1000 Cloud Base HE|ght Cloud EDR
11 I 0600-0.680 ! 375 1 0.620-0.670 250 Cloud Cover/Layers Cloud EDR
@ M5 | os62-0682 | 750 13 or 14 0.662-0672 ) 1000 | | Cloud Effective Particle Size Cloud EDR
' ' 06730083, 10901 "Cloud Optical Thickness/Transmitt Cloud EDR
M6 | 0739-0754 1 750 15 0.743-0753 | 1000 Ol el T dris s e nEnes ou
2 | 0846-0885 | 375 2 0.841-0.876 250 | | Cloud Top Height Cloud EDR
° : : 16 o 2 0.862-0877 | 1000 | | Cloud Top Pressure Cloud EDR
M7 ~ 0846-0885 &= 750 0841-0876 | 250 | ["Cloud Top Temperature Cloud EDR
M8 1.230 - 1.250 750 5 SAME 500 | and Abolicat
M9 |  1371-1386 | 750 26 1.360-1390 | 1000 ctive Fires an pplication
13 | 1580-1640 | 375 6 1.628- 1652 500 | | Albedo (Surface) Land EDR
M10 1.580-1.640 750 6 1.628 - 1.652 500 Land Surface Temperature Land EDR
WAL | 2225:2275 , 750 ~ 22002205 1B | | Soil Moisture Land EDR
4 | 3550-3930 , 375 660 - 3.
M2 |  3660-3840 | 750 20 SAME Too0 | |-Surface Type Land EDR
s | sersams | s o2 3929 3989 | 1000 | | VEgetation Index Land EDR
© | | or 3929-3989 | 1000 | | Sea Surface Temperature * Ocean EDR
M4 ' 8400-8700 ' 750 29 SAME 1000 | | Ocean Color and Chlorophyll Ocean EDR
I I
M15 | 10263-11263 | 750 31 10.780-11.280 | 1000 | | Net Heat Flux _ Ocean EDR
| | 1078011280 | 1000 | LSea Ice Characterization Snow and Ice EDR
5 10500-12400 375 A6l 82 11.770-12270 | 1000 | | Ice Surface Temperature Snowand Ice | EDR
M16 | 11538-12488 | 750 32 11770 -12.270 |} 1000 | | Show Cover and Depth Snow and Ice EDR

© Dual gain band

Similar MODIS bands

* Product is a Key Performance Parameter (KPP)
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DNB: Power Outage Monitoring

e The Day/Night Band has been used to detect
a major power outage in the Washington, DC
on the night of the Direcho storm on June 29,
2012.

* An analysis of the data after the storm
showed that most areas had power restored
within 3 days.
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VIIRS DNB radiance time series before and after the power
outage (6/29) shows that most of the power was restored in
three days.



VIIRS On-board Calibrators (MODIS Heritage)

Solar Diffuser with
Fixed Screen

Extended SV Port

Rotating Telescope Aft
Optics and HAM

Solar Diffuser Stability Monitor

S-NPP VIIRS 11 Lunar Images :




On-orbit Operation and Calibration

Operation and Calibration Activities (Key Events)

Launch: 10/28/11

Instrument turn-on: 11/8/11

Nadir door open: 11/21/11 (first image from VIS/NIR)

RTA stow (4 times): 12/9/11-1/2/12

Cryo-cooler door open: 1/18/12 (observations from all bands)

Roll maneuvers: started from 1/4/12 (nearly monthly, 12 since launch)
Yaw maneuvers; 2/15/12 - 2/16/12 (SD/SDSM screen transmission)
Pitch maneuvers: 2/20/12 (TEB response versus scan angle)

BB nominally set at 292 K, quarterly warm-up and cool-down (WUCD)
SD calibration performed in each orbit
SDSM operated on a daily basis



Calibration Methodologies

e Solar Calibration (RSB)

— Quadratic calibration algorithm
— Linear calibration coefficients derived from SD observations
— SD degradation tracked by SDSM

e Lunar Calibration (RSB)

— Regularly scheduled at nearly the same phase angle, implemented via S/C
roll maneuvers, observed through SV port with a data sector rotation

— Calibration reference provided by the lunar model

e BB Calibration (TEB)

— Quadratic calibration algorithm

— Linear calibration coefficients derived from BB observations



Solar Calibration (RSB)

RSB Calibration: F and H Factors

L., = F-(co+c1-dnEV +cz-dn,§v)

2
LSD_Meas =F '(Co +C; dnSD +C, 'dnSD)

L
Lso comp € Esun * BRDFg () 75ps | — —SD_Comp

I—SD _ Meas

BRDFgp(t) = Hp(t) - BRDF(t,)

o= H/HE) () oot

dCSUN "Tsps

The dn and dc are VIIRS and SDSM detector “corrected” responses



Lunar Calibration (RSB)

e Integrated lunar irradiance (or radiance) from sensor observations
J(B,M,G) =Z[C0(B, M,G)+c,(B,M,G)dn(s,d)+c,(B,M,G)dn(s,d)*]
s,d

— B: Band; M: HAM side; G: Gain stage; d: Detector; s: Sub-frame;
— dn: Background subtracted response
— €y €4, and c,: calibration coefficients

e Relative lunar F-factor ﬁ SD F-factor
F(B,M,G)=1J,,4 (B)/J(B,M,G) E_ Lso_comp
LSD Meas

— Ji0ge/(B) from USGS ROLO model -

Examples of band I1 lunar
images (Jan 4, 2012 )




BB Calibration (TEB)

TEB Calibration: F Factor

AL, =F -(co +c,-dn,, +cC, -dnév)

From BB observations

AL

det_ computed
F=—"-

AL

det_ retrieved

2 .
AI—det_ retrieved (B) — ZcianIBB

=0
AI—det_computed (B) — RVSBB (B)ALap (B) + Al—bckgr (B)

AL,, (B) = elgg + (1—&)(Frralrra + Fsu Lo + Foav Loav)

_ (RVSy;(B)—RVS,,

(B)) 1- B))L..,—L
5 (B) [ — Prra(B)) Lgra — Liam |

AI-bckgr (B
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On-orbit Performance

On-board Calibrators

— SD Degradation

— BB Stability

Changes in Spectral Band Response

— Reflective Solar Bands (RSB)

— Thermal Emissive Bands (TEB)

Changes in Relative Spectral Response (RSR)
— Modulated RSR for VIS/NIR Bands

Detector SNR and NedT

12



S-NPP VIIRS

SD Degradation

VIIRS SDSM H—factors
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Changes in Spectral Band Response (RSB)
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BB temperatures from individual
thermistors show small orbital
variation(with similar amplitude for
thermistor pairs located at the
same scan angle). Thermistors 3
and 6, which are located at the top
of the BB (furthest from the EV),
have the largest variation.

AT 7,y =0.037K
AT, 1) =0.011K
AT,y =0.014K
AT ,7,mm.1) =0.014 K

The F-factors at nominal temperature
show periodic variations of 0.2%,
which are correlated with the BB
temperature variations.

BB Stability
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* For clarity the F-factors are shifted.
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Changes in Spectral Band Response (TEB)
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Changes in Relative Spectral Response

Mirror Degradation has impact on sensor relative
spectral response and radiometric calibration quality
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Modulate RSR has recently applied to SDR Calibration and Data Production
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SNR* or NEdT*

Detector SNR (RSB) and NEdT (TEB)

ESN:R*ianjd NEdT*: inojrmzjalizjed to sj»pejcifijed jval@xesi

7777777777777777777777777777777777777777777777

[02/06,/2012
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103/18/2013

_<-m|1|lII_J|hIImIIL

14 M13H  M14 15
M11 M12 M13L  M15

RSB

For RSB: SNR* > 1 means performance better than specified requirements
For RSB: SNR* > 1 means performance better than specified requirements

|

TEB



VIIRS SDR Data Access and
Calibration Knowledge Base

The VIIRS SDR team
developed the Calibration
Knowledge base at

https://cs.star.nesdis.noaa.qov/ ¥

NCC/VIIRS with a wealth of
information including user’s
guide, relative spectral
response, SNO predictions,
image gallery, VIIRS Events,
publication database,
conference presentations, etc.

VIIRS SDR data is available to
the public on the NOAA
CLASS archive at
http://www.class.noaa.gov, and
the ftp site: ftp://ftp-
npp.class.ngdc.noaa.gov/

@]

. “ . .
N: tlo Calibration Center _ .
NESDISISTA‘I . . e ¥
£ NATIONALOC A “. PHER . S el

fdly

d other environmental applications

Visible Infrared Imaging Radiometer Suite (VIRS)

The YIRS instrument is a scanning radiormeter with multi-band imaging capabilities that make it extremely useful for moderate-resolution imagery as well as numerous applied measurerne
including cloud and aerosol detection and properties, ocean color, sea and land surface temperature, ice motion and temperature, fire detection, and Earth's albedo. It is scheduled to fly o
and JPSS satellite missions. For more information, please click on one of the links below.

@ MNews @ About YIRS -} Conference Presen itations
£ WIRS SDR Data Format @ YIRS Users Guide [ VIRS Spectral Response Functions
FWIRS Calibration ATBD [E] WPP/AGUA SO Predictions WIRS Software Taols
Casahnsa Data on GRAVITE g* SDR/EDR Team
[X] YIRS at Calfval Sites #0 Lunar Calendar for DNE &) Standardized Calibration Parameters
1 YIRS Image Gallery F0WIRS On-orbit Perfarmance Table & Moon in Space View Events
&) YIRS Longterrm Monitaring FUVIRS Event Loy Database (experimental) g YIRS SDR Mestings

Reference;

Cao, C., F. Deluccia, X. Xiong, R. Wolfe, and F. Weng, 2013, Early On-orbit
Performance of the VIIRS onboard the S-NPP Satellite, IEEE Transactions
on Geoscience and Remote Sensing, in press.

DOI: 10.1109/TGRS.2013.2247768


https://cs.star.nesdis.noaa.gov/NCC/VIIRS
https://cs.star.nesdis.noaa.gov/NCC/VIIRS
http://www.class.noaa.gov/
ftp://ftp-npp.class.ngdc.noaa.gov/
ftp://ftp-npp.class.ngdc.noaa.gov/

Summary

e VIIRS continues to operate and calibrate satisfactorily (as planned and
expected)

— SD/SDSM, BB (warm-up and cool-down), and lunar calibration
activities are regularly performed

— Changes in sensor response are accurately tracked by the on-board
calibrators

— Calibration LUTs are frequently updated

e Overall on-orbit performance meets the design requirements (such as
SNR/NEdT)

e Continuous and dedicated calibration efforts are critical for
maintaining SDR data and calibration quality

e The modulated RSR, as a result of mirror degradation, have been
developed and applied to sensor SDR calibration and data production.
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