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Abstract: The Visible Infrared Imaging Radiometer Suite (VIIRS) instruments on-board the Suomi
National Polar-orbiting Partnership (S-NPP) and Joint Polar Satellite System (JPSS) spacecrafts 1 and
2 provides calibrated sensor data record (SDR) reflectance, radiance, and brightness temperatures for
use in environment data record (EDR) products. The SDRs and EDRs are used in weather forecasting
models, weather imagery and climate applications such as ocean color, sea surface temperature
and active fires. The VIIRS has 22 bands covering a spectral range 0.4-12.4 um with resolutions of
375 m and 750 m for imaging and moderate bands respectively on four focal planes. The bands
are stratified into three different types based on the source of energy sensed by the bands. The
reflective solar bands (RSBs) detect sunlight reflected from the Earth, thermal emissive bands (TEBs)
sense emitted energy from the Earth and the day/night band (DNB) detects both solar and lunar
reflected energy from the Earth. The SDR calibration uses a combination of pre-launch testing and the
solar diffuser (SD), on-board calibrator blackbody (OBCBB) and space view (SV) on-orbit calibrator
sources. The pre-launch testing transfers the National Institute of Standards and Technology (NIST)
traceable calibration to the SD, for the RSB, and the OBCBB, for the TEB. Post-launch, the on-board
calibrators track the changes in instrument response and adjust the SDR product as necessary to
maintain the calibration. This paper will discuss the pre-launch radiometric calibration portion of the
SDR calibration for the RSBs that includes the dynamic range, detector noise, calibration coefficients
and radiometric uncertainties for JPSS-2 VIIRS.
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1. Introduction

The Joint Polar Satellite System (JPSS) and Suomi National Polar-orbiting Partnership
(S-NPP) missions support the National Aeronautics and Space Administration (NASA) and
National Oceanic and Atmospheric Administration (NOAA) weather and climate study needs.
One of the main instruments on-board the JPSS and S-NPP spacecrafts is the Visible Infrared
Imaging Radiometer Suite (VIIRS). It provides a calibrated and geolocated sensor data record
(SDR) that feeds into 26 unique environmental data record (EDR) algorithms that compute
different land, ocean, and atmospheric parameters [1-4]. These EDRs, combined with EDRs from
other sensors on-board the JPSS and S-NPP spacecrafts, are used to feed weather forecasting
and climate study models. There are currently three VIIRS instruments on-orbit, S-NPP, JPSS-1,
and JPSS-2 that launched in November of 2022. There are two more JPSS spacecrafts after JPSS-2,
with launches planned for 2027 and 2032. The VIIRS instruments are in a sun-synchronous
low Earth orbit with an altitude of ~824 km and an equatorial crossing of 13:30 Greenwich
Mean Time. It is a cross-scanning system with a scan range of £56.0° covering a swath width of
3060 km. The scanning mechanism is comprised of a rotating telescope assembly (RTA) and
a double-sided half-angle mirror (HAM) combination to facilitate the wide scan range with
reduced straylight impacts. There are 16 moderate bands (M-bands) with each band having 16
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detectors and a nadir ground resolution of 750 m. There are 5 imaging bands (I-bands) having 32
detectors each and a NADIR ground resolution of 375 m. To reduce the VIIRS ground resolution
growth as it scans across the Earth, an aggregation scheme is used. The aggregation within
the £32° scan angle region combines three scan samples to make a ground pixel, while the
—43° to —32° and 32° to 43° scan regions combine two scan samples to make a ground pixel,
and the —56° to —43° and 43° to 56° scan regions use a single sample to make a ground pixel.
This reduces the ground pixel growth observed in heritage sensors such as Advanced Very
High Resolution Radiometer (AVHRR) and Moderate Resolution Imaging Spectroradiometer
(MODIS) and improves the imagery at the edges of the scan [5,6]. The day/night band (DNB)
has a ground resolution of 750 m with 16 detectors but uses a more complicated aggregation
scheme to maintain an almost constant resolution across scan and track directions. The 22 bands
are stratified into three different types: the reflective solar bands (RSBs), the thermal emissive
bands (TEBs) and the DNB. The RSBs are on the visible near infrared (VNIR) focal plane (bands
M1-M7 and I1-12), that cover a spectral range of 0.395-0.900 pm, the short-wave infrared (SWIR)
FPA (bands M8-M11 and I3) having a spectral range of 1.230-2.500 um and the day/night band
(DNB) with a spectral range of 0.500-0.900 um. The TEBs are on the mid-wave infrared (MWIR)
FPA (bands M12, M13 and I4), with a spectral range of 3.7004.130 um, and the long-wave
infrared (LWIR) FPA (bands M14-M16 and I5) with a spectral range of 8.400-12.490 um [7].

Similar to its heritage sensor MODIS, the VIIRS SDRs provide geolocated and ra-
diometrically calibrated top-of-atmosphere (TOA) radiance, reflectance, and brightness
temperatures. The SDRs use a combination of pre-launch tests and on-orbit calibrator data
to provide National Institute of Standards and Technology (NIST) traceable SDR product
outputs [8]. The EDR products use diverse scenes from dark/warm oceans to bright/cold
clouds that require the instrument to have a large dynamic range with adequate signal-
to-noise ratio (SNR) performance throughout [9-11]. To achieve this requirement, several
bands (M1-M5, M7 and M13) have dual gains for high SNRs at both dark and bright scenes
without saturating. Bands M1-M5 and M7 are used for the ocean color and chlorophyl
EDR that has low TOA radiances while the land and atmosphere use them for very bright
radiance scenes. Band M13 is a TEB used for active fire EDRs and therefore has a large TOA
brightness temperature dynamic range requirement [12]. Table 1 lists the dynamic range
requirements and SNR at a typical TOA radiance for the RSBs. The DNB has three gain
stages to allow day, twilight, and night-time scenes to be observed without saturation and
adequate SNR. Each of the gain stages for these bands requires individual characterization
to allow a seamless SDR product to be created. Each band’s detectors and HAM sides are
also characterized individually to reduce potential striping in the SDRs.

Table 1. VIIRS spectral, dynamic range and noise requirements for the reflective solar bands.

Band Spectral Range (1um) Band Gain Ltyp Lmax SNR
VNIR
DNB 0.500-0.900 e 0.00003 200 6
High 44.9 135 352
M1 0.402-0.422 Low 155 615 316
High 40 127 380
M2 0.436-0.454 Low 146 687 409
High 32 107 416
M3 0.478-0.498 Lo ot 702 114
High 21 78 362
Rt 0.545-0.565 Low 90 667 315
11 0.600-0.680 Single 2 718 119
High 10 59 242
M5 0.662-0.682 Lo e sl 260
M6 0.739-0.754 Single 9.6 41 199
2 0.846-0.885 Single 25 349 150
High 6.4 29 215
M7 0.846-0.885 L, 4 319 40
SWIR
M8 1.230-1.250 Single 5.4 165 74
M9 1.371-1.386 Single 6 77.1 83
I3 1.580-1.640 Single 7.3 725 6
M10 1.580-1.640 Single 73 712 342

Mi11 2.225-2.275 Single 0.12 31.8 10
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On-orbit, the SDRs use the pre-launch calibration to convert instrument digital num-
bers (DNs) into radiance units. The three internal calibration targets: the space view (SV),
solar diffuser (SD), and the on-board calibration blackbody (OBCBB) are used to correct
changes in the instrument from pre-launch to on-orbit and maintain the SDR radiometric
quality [13]. The SV looks at dark space to track drifts in the instrument’s offset and is also
used for lunar calibration [14]. The SD tracks instrument changes in the gain of the RSBs
while the OBCBB tracks gain changes for the TEBs [15,16]. Figure 1 shows an illustration
of where the calibration sources are within the scan of the instrument. The Earth view is
at the bottom of the image while the three calibration sources are within the instrument
and are viewed when the RTA is pointing away from the Earth. The RSBs use a two-point
calibration (SV offset and SD illumination) to determine the optical system’s linear gain
change, called the F factor, shown as

H(t' /\)E(/\)TSAS (9112' Pdecr /\) BRDF(QKZZ/ Pdecr /\)COS (Ginc)

F = 5
co + cidngp + CzdnSD

)

The dngp is the detector’s response when viewing the illuminated SD as VIIRS crosses
the south pole that is subtracted by the SV dark response when viewing cold space. This
background subtraction removes the instrument’s digital count offset and any dark noise
drifts on a scan-by-scan basis. The cy, c; and c; are the calibration coefficients determined
during pre-launch testing. They are fixed over the mission and any change in the calibration
of the sensor, away from the pre-launch performance, will show up in the F factor. The
Thuillier solar spectral irradiance E(A) (A denotes wavelength) and the bi-directional
reflectance distribution function (BRDF) of the SD are used to estimate the solar radiance
at the time of F factor measurement [17,18]. The solar attenuation screen transmission
Tsas scales the estimated solar radiance and is dependent on solar azimuth (6,,) and solar
declination (@), in the spacecraft coordinate system. The BRDF also has solar azimuth
and declination dependences that must be accounted for. The solar incidence angle 6;,,
at the SD is defined as the angle between a vector pointing to the Sun and the vector
normal to the SD surface. The BRDF of the SD degrades over the life of the mission due to
contaminants within the surface being exposed to UV energy. This degradation is tracked
using the solar diffuser stability monitor (SDSM) derived H factor that corrects the F factor
in Equation (1) and is a function of time (f) and wavelength [15]. Figure 2 shows the
geometry for the SD and SDSM during H factor data collection. The H factor in Equation (1)
is determined using,

H — (DCSl‘"iDCbkg) . TSAS(BHZ/(Pdec)'BRDFsd(gler(Pdec)'Sinz(FOVSDSM)'COS(AOIsd)
(DCsy—DChyg) Tspsm (Xaz/Bei)

@)

With tgpspr (the SDSM screen transmittance) being a function of SDSM solar azimuth a,;
and elevation B, angles. The SDSM detector voltages DCs,;,, DCgy, and chkg are from the
Sun, SD and background paths, respectively. The FOVspsy, is the fixed field of view of
the SDSM when looking at the SD, the AOI; is the angle of incidence of the SDSM view
relative to the SD’s normal vector and BRDF; is the SD reflectance at the SDSM view
geometry.
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Figure 1. VIIRS scan section diagram illustrating the different collection regions and their angles
during a single scan.
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Figure 2. Diagram of the VIIRS solar diffuser calibration. This includes the VIIRS scanner that looks
at the Earth and solar diffuser (§D) when illuminated by the Sun through an attenuation screen and
the solar diffuser stability monitor (SDSM) that views the Sun through a screen and the SD while it is
illuminated.

The Earth view TOA radiance (L) is retrieved using the pre-launch calibration coeftfi-
cients, dngy (the SV subtracted Earth view response) and the response versus scan angle
(RVS) [14], that is scaled by the F factor as shown in

RVS(65p)

Ly = F—1-—"=
B T RVS(0ky)

(co + cdngy + czdn%v) (©)]

The RV'S captures the relative reflectance change of the HAM mirror as a function of
scan angle and scales the calibration coefficients (c;). The RVS is characterized pre-launch
for each band, detector, and HAM side [19]. The RSBs variation in RV'S across the scan
is less than 2% with the detector-to-detector variation being within the uncertainty of
the measurements. Therefore, on-orbit a detector averaged RV'S is used for each band,
unlike S-NPP and JPSS-1 VIIRS where a detector dependent RV'S is used. Changes in
the on-orbit RVS can cause striping issues in the SDRs in the cross-track direction and
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detector-to-detector. The calibration coefficients c; are used to convert the background
subtracted digital numbers (dn) into a calibrated radiance using Equations (1) or (3). These
calibration coefficients are determined through extensive pre-launch characterization, using
NIST traceable radiance sources. The next section will describe the test and data analysis
methodologies used to determine the calibration coefficients and the sensor requirements
used to evaluate the VIIRS radiometric performance. The SD BRDE, attenuator screens
in the SD and SDSM, and geometry factors for Equations (1) and (2) are determined pre-
launch with component level measurements of each system. The SD BRDF and screen
transmittance are measured at multiple azimuth and declination angles to characterize
the angular dependence of their transmission and reflectance, respectively. The geometric
factors used in the calibration are modeled based on specified build sizes and alignment
measurements, acquired during component level integration. The solar irradiance is
Thuillier 2003 and considered to be a fixed intensity throughout the on-orbit mission. The
solar irradiance used for the S-NPP and JPSS missions are different and result in different
SDR radiances when compared. However, the RSB SDR reflectance product is not affected
by the differences in solar irradiance values. Section 3 will discuss the results of the pre-
launch radiometric characterization. This includes the dynamic range, SNR, calibration
coefficients and radiometric uncertainty results

2. RSB Calibration Test Methods
2.1. Spherical Integration Source and Linear Attenuation Assembly Calibrators

The response of the VIIRS RSB detectors is measured using a combination of a spherical
integration source (SIS) and a linear attenuation assembly (LAA). The vendor used two
different SIS setups to cover the full dynamic range of all the RSBs. The main SIS is the
SIS100, due to its 100 cm diameter, that has 18, 9, and 10,200 Watt (W), 45 W and 10 W bulbs,
respectively. The internal cavity of the SIS100 is coated with a diffuse material that creates
a uniform and unpolarized target with a wide angular field that fills the instrument’s
field of view. This allows all 16 or 32 detectors to view the SIS100 simultaneously during
calibration. The 37 lamps within the SIS100 allow for up to 62 different illumination levels
to be used during calibration testing. These 62 levels were optimized to adequately sample
all 14 RSBs throughout their dynamic ranges. This includes high, low, and single gain
configurations. Bands M1-M3 low gain is not fully characterized using the SIS100 and
requires a second SIS that has a higher radiance capability. This was accomplished using
the three mirror collimator SIS (TMCSIS) that collimates the exit aperture of a small bright
SIS and illuminates the entrance pupil of VIIRS. This allows the M1-M3 low gain to be
characterized but has higher uncertainty due to the angular non-uniformity of the smaller
SIS and the mirrors used to collimate that energy. The radiance spectral profile of the SIS100
differs with respect to the on-orbit radiance that uses reflected solar irradiance as its source.
Figure 3 shows a normalized radiance profile from the SIS100 (orange curve) where the
peak response is around ~0.800 um and the normalized on-orbit solar irradiance that peaks
at ~0.450 um. This is important for bands with out-of-band (OOB) spectral response and
bands such as M1 where the slope of the two source profiles is large. S-NPP VIIRS has
several VNIR bands with OOB spectral features that affected the pre-launch calibration
uncertainty [20]. However, the JPSS instruments do not have these OOB features and
therefore are not similarly impacted by the source spectral differences. The differences in
the pre-launch and on-orbit sources are captured in the radiometric uncertainty analysis
shown in Section 3.



Remote Sens. 2022, 14, 6353

6 of 25

1.2
—e—Solar Spectral Profile

—+—S1S100 Spectral Profile

o
%

I
IS

Normalized Spectral Response
o
(o)}

0.2

0 0.5 1 1.5 2 2.5 3
Wavelength (um)

Figure 3. A comparison of the on-orbit solar spectral irradiance profile and the SIS100 radiance profile.
The OOB Relative Spectral Response (RSR) contributions are not weighted the same in on-orbit and
prelaunch applications.

The NIST traceability of the SIS100 calibration is performed using an ASD® spectrom-
eter for each lamp used in the pre-launch test [21]. The uncertainty of the SIS100 calibration
ranges between 1-5% due to lamp stability and drift between NIST calibration and pre-
launch VIIRS testing and is larger than the 0.3% calibration coefficient characterization
uncertainty requirement. To mitigate the SIS100 lamp’s long-term instability, the LAA is
used to take two measurements, LAA in and LAA out, at each SIS lamp level within a few
minutes of each other. This requires the SIS100 to be stable for a few minutes instead of
hours or days. Equations (4) and (5) represent the 2nd order polynomial equations with the
LAA out (Equation (4)) and the LAA in (Equation (5)). The dn,,; and dn;, are the VIIRS
detector’s response, after background subtraction from the space view, for the LAA out
and in, respectively. The 77 44 is the transmittance of the LAA pinhole screen and the ¢y, c;
and ¢, are the calibration coefficients. When

Ls1s100 = o + c1dnour + codn?,, 4)

and

(Co + crdny, + Czdnizn)
TLAA

are combined by substituting for LSIS100, Equation (6) is formed, that removes the linear

coefficient ¢; and the Lgjs700 and has the T; 44 transmittance and the relative offset (E—(l)) and

2nd order term (%) with respect to the linear term. It can also be used with the TMCSIS
measurements since it is independent of the source radiance value.

)

Lsis100 =

Cco (85)
dniy, = (TLaa — 1)a + Traadnout + o (TLAAdngut - d”i) (6)

allows the shape of the detector response to be determined independent of the SIS100
radiance and is relative to the linear term c;. This removes the lamp calibration uncertainty
from the fit and minimizes source drift effects because of the close temporal proximity
of the in and out measurements. A regression fit of the pre-launch measurement data is
performed using Equation (6) to determine the LAA transmittance and coefficient ratios for
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each band, detector, HAM side and gain state. The c; is determined using the computed
calibration coefficient ratios and NIST traceable SIS100 radiances, as shown in

Lsis100
1= (7)
%(l) + dnoyr + %dngut
while the SIS100 radiance can add an error bias of 1-5%, the on-orbit SD calibration will
remove this bias. The shape of the detector response is well characterized by the calibration
coefficient ratios, and the bias is removed on-orbit.

2.2. JPSS-2 VIIRS Testing and Analysis Methodology

JPSS-2 VIIRS pre-launch radiometric testing was performed during ambient and
thermal vacuum (TVAC) phases. The ambient test phase (~295 K room temperature) is used
to check the health of the detectors, dynamic range, noise, and dual gain switching for both
electronics sides A and B. Results from ambient testing allow adjustments or modifications
to the hardware where non-compliant behavior was observed. TVAC testing measures the
dynamic range, noise, gain switching but also characterizes the detector response at three
temperature plateaus: cold (—20 °C), nominal (-5 °C) and hot (10 °C). The results of the
TVAC radiometric performance are compared to the instrument specification and used in
on-orbit look-up tables (LUTs). The focus of this paper is on the TVAC measurements and
their performance relative to the specifications.

The VIIRS radiometric tests are performed in two different configurations: steady state
temperature and dynamic temperature measurements. The steady state measurements are
at each plateau and characterize the instrument calibration coefficients but also measure
the medium-term stability of the detector response. The dynamic temperature tests capture
the detector’s gain change with respect to instrument temperature that are taken during
TVAC temperature plateau transitions.

The steady state tests rely on the SIS100 and TMCSIS as the sources and cover the
dynamic range, SNR, calibration coefficients and stability of the RSB detectors. The dynamic
range analysis uses a DN average of approximately 30 M-band samples and 50 scans when
viewing the SIS100 with the DC offset subtracted using the SV sector DNs to obtain what
is called dn. The dns are computed for every RSB detector, HAM side, gain (using fixed
high or low) and sub-sample (for I-bands only) for all SIS100 or TMCSIS lamp levels. A
linear fit of SIS radiance versus unsaturated RSB detector dns is performed. The maximum
unsaturated dn response of the detector is then used in the linear fit to assess the maximum
measurable radiance and is compared to the specification in Table 1.

The SNR is computed using the same data as the dynamic range calculation. The SNR
computation for the VIIRS detectors is

<dn (Sample)>scan > 8
<U(Sumple)>scan sample ( )

The dns are averaged over the 50 scans for each of the approximated 30 M-band
samples with the standard deviation (o) also computed. The ratio of the dns with o is the
SNR and is computed for each RSB detector, HAM side, gain and sub-frame (I-bands only),
SIS level and sample. The SNRs are then averaged over samples to get the final value. This
averaging technique reduces the impact of SIS spatial non-uniformity on the o values. The
SNR versus SIS radiance is modeled with

SNR:<

L
SNR — S15100 )
\/ a9 + a1Ls1s100 + 221216100

where the a coefficients model the dark, read and shot noise of the detector. The SNR at the
RSB’s specified Lty is interpolated using Equation (9) for each detector, HAM side, gain
and sub-sample (for I-bands only).
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The calibration coefficients use the same averaged dns and SIS radiance from the
dynamic range analysis to perform the regression fit described in Equation (6) and as an
input into Equation (7). The residuals of those fits are evaluated against the 0.3% error
budget allocation to assess characterization quality. The 2-sigma error bars are computed
to assess the uncertainty in the knowledge of each coefficient in Equation (6). This guides
the on-orbit LUT development where the T variation across detector or TVAC plateau or
the E—‘l) uncertainty straddling zero can be evaluated. The linearity, while not a requirement
anymore, is still looked at to better understand possible on-orbit calibration challenges as
low or high radiance scenes.

The dynamic temperature test uses the SIS100 with a fixed lamp level of 4200 W lamps
during the instrument transition from TVAC cold-to-nominal and nominal-to-hot plateaus.
The detector’s response sensitivity to opto-mechanical module (OMM) and electronics
module (EM) temperatures is characterized individually. This is performed by transiting
the optics and electronics separately in TVAC using unique thermal panels within the
TVAC chamber. The thermal gain sensitivity is important for on-orbit calibration purposes
where the instrument temperature can vary by several degrees between calibrations at the
South Pole. With the calibration coefficient characterization in a thermally steady state
environment, the temperature sensitivity in the coefficients is not captured. This transition
gain sensitivity data is combined with the steady state calibration coefficients during on-
orbit LUT development to mitigate the temperature effect as much as possible. The next
section will show radiometric calibration results from the JPSS-2 VIIRS TVAC testing as
well as compare the performance with S-NPP and JPSS-1 VIIRS

3. Results
3.1. Dynamic Range

The dynamic range is shown in Table 2 for JPSS-2 (top) and -1 (bottom) and meets or
exceeds the requirements listed in Table 1 for all bands except M8. There are three columns
for each band and gain configuration; measured saturation radiance, saturation requirement
and the ratio of measured with requirement. The requirements margins are larger for JPSS-2
than —1 and are above 10% with the exclusion of bands M6 and M8. An example of the
dynamic range in auto gain mode is shown in Figure 4 for M4 HAM A. The vertical red
lines correspond to the Lmax for high (left) and low (right) gain, respectively, and the
points show how each detector’s response (y-axis) changes with SIS100 radiance (x-axis).
Band M4 saturation occurs at ~870 W/m?2/sr/ um and is well past the 667 W/ m?/sr/ pm
Lmax requirement. The points past 870 W/m?/sr/pum on the x-axis are flat where the
digital-to-analog converter (ADC) is saturated. Figure 5 shows the dynamic range for band
I3 where saturation occurs at ~105 W/m? /sr/ um before the dns begin to rollover. This is
due to the focal plane electronics, or read out integrated circuit (ROIC), saturating before
the ADC. Bands I3 and M6 have this saturation behavior that affects the on-orbit SDR
calibration. Bright targets such as clouds and glint can cause deep saturation that appears
to be a lower radiance in the SDR product due to the reduced saturated dns recorded by the
instrument. This rollover effect is present in S-NPP and JPSS-1 and has an SDR algorithm
flagging to mitigate its impact on EDRs.
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Table 2. Measured dynamic range performance for the reflective solar bands. The top portion is for
JPSS-2 and band MS fails the instrument specification. The bottom portion is for JPSS-1 where several
bands failed to meet the instrument requirements.

JPSS-2
Single Gain High Gain Low Gain
L_sat L_max L_sat/L_max L_sat L_max L_sat/L_max L_sat L_max L_sat/L_max

n 1019 718 1.42 - - - - - -

12 421 349 1.21 - - - - - -

I3 106 725 1.46 - - - - - -
M1 - - - 168 135 1.25 765 615 1.24
M2 - - - 155 127 1.22 921 687 1.34
M3 - - - 121 107 1.13 1000 702 1.43
M4 - - - 99.8 78 1.28 871 667 1.31
M5 - - - 74.5 59 1.26 1068 651 1.64

M6 46.3 41 1.13 - - - - - -
M7 - - - 349 29 1.20 417 349 1.20

M8 156 165 0.95 - - - - - -

M9 87.5 77.1 1.13 - - - - - -

M10 105 71.2 1.47 - - - - - -

M11 52.5 31.8 1.65 - - - - - -

JPSS-1
Single Gain High Gain Low Gain
L_sat L_max L_sat/L_max L_sat L_max L_sat/L_max L_sat L_max  L_sat/L_max

n 772 718 1.08 - - - - - -

12 401 349 1.15 - - - - - -

I3 65.2 725 0.90 - - - - - -
M1 - - - 164 135 121 710 615 1.15
M2 - - - 173 127 1.36 797 687 1.16
M3 - - - 144 107 1.35 851 702 1.21
M4 - - - 113 78 1.44 863 667 1.29
M5 - - - 76.5 59 1.30 733 651 1.13

M6 46.8 41 1.14 - - - - - -
M7 - - - 38.1 29 131 414 349 1.19

M8 115 165 0.69 - - - - - -

M9 72.1 77.1 0.93 - — — - - -

M10 77.0 71.2 1.08 - - - - - -

M11 335 31.8 1.05 - - - - - -
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due to saturation of the focal plane electronics. This causes two unique radiance levels to produce the

same VIIRS digital number.
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3.2. Dual Gain Switch

The dual gain switch analysis verified the transition from high to low gain was within
the specified radiance range. Figure 4 shows an example of the auto gain transition for
band M4. A more accurate assessment of the gain switching was performed using the
gradual increase/decrease in signal as the instrument detectors scan on/off of the SIS100
profile. This provides a higher fidelity assessment of the gain switch point relative to
the information in Figure 4. The dn or radiance at the high-to-low gain transition can be
calculated and compared to the specification. Table 3 lists the gain transition for the JPSS-2
RSBs and the required transition region specified. The JPSS-1 results are also listed to show
the consistency between instrument builds.

Table 3. JPSS-2 VIIRS dual gain switching for all the RSBs. The dual gain switching for band M1
could not be measured for most configurations due to the limited maximum radiance output of the

SIS100.
JPSS-2
Lmin Lmax L at Transition Ratio of Switch with Requirement
Band E Side HAM Switch Switch Temperature Plateau Temperature Plateau

Point Foint Cold  Nominal  Hot Cold  Nominal  Hot
M1 A A 135 202.5 NA NA NA NA NA NA
M1 A B 135 202.5 NA NA NA NA NA NA
M2 A A 127 190.5 155.6 156.8 158.1 1.22 1.23 1.25
M2 A B 127 190.5 155.2 156.4 157.7 1.22 1.23 1.24
M3 A A 107 160.5 112.5 113.8 114.3 1.05 1.06 1.07
M3 A B 107 160.5 112.3 113.6 114.2 1.05 1.06 1.07
M4 A A 78 117 86.5 87.2 87.9 1.11 1.12 1.13
M4 A B 78 117 86.5 87.2 87.8 111 1.12 1.13
M5 A A 59 88.5 67.6 68.4 69.3 115 1.16 117
M5 A B 59 88.5 67.7 68.4 69.3 1.15 1.16 1.17
M7 A A 29 43.5 32.3 32.7 33.1 1.11 1.13 1.14
M7 A B 29 43.5 323 32.7 33.1 1.11 1.13 1.14
M1 B A 135 202.5 NA NA 184.4 NA NA 1.37
M1 B B 135 202.5 NA NA 183.6 NA NA 1.36
M2 B A 127 190.5 155.7 156.8 157.7 1.23 1.23 1.24
M2 B B 127 190.5 155.4 156.4 157.6 122 1.23 1.24
M3 B A 107 160.5 112.3 113.7 114.5 1.05 1.06 1.07
M3 B B 107 160.5 112.3 113.6 114.5 1.05 1.06 1.07
M4 B A 78 117 86.6 87.3 87.6 1.11 1.12 1.12
M4 B B 78 117 86.4 87.2 87.6 111 1.12 1.12
M5 B A 59 88.5 67.6 68.4 69.3 1.15 1.16 1.17
M5 B B 59 88.5 67.6 68.4 69.2 1.15 1.16 1.17
M7 B A 29 43.5 323 32.7 33.0 111 1.13 1.14
M7 B B 29 43.5 323 327 33.0 111 1.13 1.14
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Table 3. Cont.

JPSS-1
Lmin Lmax L at Transition Ratio of Switch with Requirement
Band E Side HAM Switch Switch Temperature Plateau Temperature Plateau

Point Point Cold Nominal Hot Cold Nominal Hot
M1 A A 135 202.5 167.2 155.5 158.9 1.24 1.15 1.18
M1 A B 135 202.5 169.3 158.0 161.3 1.25 1.17 1.19
M2 A A 127 190.5 161.5 153.0 156.3 1.27 1.21 1.23
M2 A B 127 190.5 162.6 154.0 157.4 1.28 121 1.24
M3 A A 107 160.5 122.2 115.3 118.4 1.14 1.08 1.11
M3 A B 107 160.5 122.5 115.5 118.6 1.14 1.08 111
M4 A A 78 117 98.3 92.5 95.4 1.26 1.19 1.22
M4 A B 78 117 98.2 924 95.3 1.26 1.18 1.22
M5 A A 59 88.5 66.9 62.3 65.1 1.13 1.06 1.10
M5 A B 59 88.5 66.6 62.0 64.8 1.13 1.05 1.10
M7 A A 29 43.5 334 30.7 325 1.15 1.06 1.12
M7 A B 29 43.5 33.5 30.8 32.6 1.16 1.06 1.12
M1 B A 135 202.5 169.3 157.8 165.8 1.25 117 1.23
M1 B B 135 202.5 170.0 160.2 168.6 1.26 1.19 1.25
M2 B A 127 190.5 163.7 155.0 160.7 1.29 1.22 1.27
M2 B B 127 190.5 164.6 156.1 161.7 1.30 1.23 1.27
M3 B A 107 160.5 123.9 117.0 121.1 1.16 1.09 1.13
M3 B B 107 160.5 124.1 117.1 121.3 1.16 1.09 1.13
M4 B A 78 117 99.5 93.8 97.1 1.28 1.20 1.25
M4 B B 78 117 99.2 93.6 97.1 1.27 1.20 1.25
M5 B A 59 88.5 67.9 63.9 66.3 1.15 1.08 1.12
M5 B B 59 88.5 67.5 63.7 66.0 1.14 1.08 1.12
M7 B A 29 43.5 33.7 32.0 33.1 1.16 1.10 1.14
M7 B B 29 43.5 33.6 32.0 33.1 1.16 1.10 1.14

3.3. SNR Results

The median SNRs at Ltyp for all the RSBs are listed in Table 4 for JPSS-2 (top table)
and JPSS-1 (lower table). The bands are stratified by single (left), high (middle), and low
(right) gain configurations. Each gain configuration has three columns, the first is the
measured SNR for that band, the middle is the instrument requirement and the last is the
ratio of measured and requirement. The JPSS-2 RSBs meet the SNR requirement for all
bands and detectors. They are marginally lower for most bands (except bands M3 and
M4) than the JPSS-1 values but still far exceed the instrument requirements. Not listed
in the Table 4 is the JPSS-1 band I3 detector 4 (instrument order) that is a bad detector.
There are no noisy or inoperable detectors identified in pre-launch testing for JPSS-2 VIIRS.
The detector quantization effects that are present on S-NPP and JPSS-1 are also present on
JPSS-2 VIIRS. The quantization appears at low radiance levels for single gain bands I1 and
M10 and for the low gain in bands M1-M5 and M7. The low gain quantization is present
in the pre-launch test data due to it being in a fixed low gain setting. On-orbit, where the
instrument will be in auto gain mode, the quantization may not be present and depends on
the gain switch point of the band. Figures 6 and 7 show the SNR versus SIS100 radiance
for bands M8 and M10. The symbols correspond to the detectors and only show HAM
A results. The vertical red lines are Lmin (left), Ltyp (middle) and Lmax (right). These
detectors are dominated by photon shot noise throughout most of the SNRs but at the low
radiance region band M10 has quantization features that are not present in the M8 plot.
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The quantization causes higher SNRs due to the DNs being stuck within one or two DN
bins (or values) because the bins are larger than the noise of the detector. This causes the
standard deviation of the DNs to be very small and increase the SNR value. The vertical
red lines show that the quantization in band M10 is within the specified dynamic range and
even present at a typical scene radiance for some detectors. These effects are not included
in the SNR Table 4 but are part of the fit residuals in the calibration coefficient uncertainty
in the next section.

Table 4. Signal-to-noise ratio (SNR) results for the VIIRS reflective solar bands. The SNR, SNR
requirement and the ratio of the two are shown here. The top portion is for JPSS-2 and the bottom
JPSS-1 for comparison purposes.

JPSS-2
Single Gain High Gain Low Gain
A;;?{ge Spec SNR/Spec A‘é‘;;ge Spec SNR/Spec Agg;{ge Spec SNR/Spec
I 213 119 1.79 - - - - - -
12 259 150 1.72 - - - - - -
I3 156 6 26.1 - - - - - -
M1 - - - 566 352 1.61 834 155 5.38
M2 - - - 547 380 1.44 946 146 6.48
M3 - - - 697 416 1.67 959 123 7.80
M4 - - - 558 362 1.54 893 90 9.92
M5 - - - 315 242 1.30 737 68 10.8
Mé6 373 41 9.104 - - - - - -
M7 - - - 514 215 2.39 885 334 26.5
M8 257 165 1.56 - - - - - -
M9 146 77.1 1.90 - - - - - -
M10 625 71.2 8.79 - - - - - -
Mi11 63.5 31.8 2.00 - - - - - -
JPSS-1
Single Gain High Gain Low Gain
A‘é‘;ﬁ{ge Spec SNR/Spec A‘é‘;;ige Spec SNR/Spec A‘;E;{ge Spec SNR/Spec
1 307 119 2.58 - - - - - -
12 278 150 1.86 - - - - - -
I3 187 6 31.1 - - - - - -
M1 - - - 629 352 1.79 878 155 5.67
M2 - - - 568 380 1.49 1009 146 6.91
M3 - - - 692 416 1.66 1156 123 9.40
M4 - - - 542 362 1.50 962 90 10.7
M5 - - - 377 242 1.56 928 68 13.7
Mé6 424 41 104 - - - - - -
M7 - - - 543 215 2.52 1148 334 344
M8 390 165 2.37 - - - - - -
M9 303 77.1 3.93 - - - - - -
M10 827 71.2 11.6 - - - - - -

M11 69.7 31.8 2.19 - - - - - -
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Figure 6. The signal-to-noise ratio (SNR) of band M8 for all detectors (colored symbols) as a function
of SIS100 radiance (W/m?2/um/sr). The three vertical red lines are for Lmin (left), Ltyp (middle) and
Lmax (right).
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Figure 7. The signal-to-noise ratio (SNR) of band M10 for all detectors (colored symbols) as a function of
SIS100 radiance (W/m?/um/sr). The three vertical red lines are for Lmin (left), Ltyp (middle) and Lmax
(right). Digital quantization noise is impacting the low signal levels in the bottom left corner of the image.

3.4. Detector Response Characterization

The pre-launch calibration coefficients for on-orbit use in the SDR algorithm use the
radiometric characterization methodology discussed in Section 2. Each band, detector,
HAM side, and gain have a set of coefficients computed for each TVAC temperature plateau
and primary/redundant electronics side. There are also three FPA temperatures for the
SWIR bands at nominal plateau that are not discussed here. Figure 8 shows an example of
the regression coefficients 7, E—‘l) and % from the SIS100 measurements for band M1 high
gain for all TVAC temperature plateaus electronic sides. The first column corresponds
to the tau coefficients as a function of detector with the different colors corresponding
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to the six-temperature plateau and electronic side combinations, the second column the
CO and the third the Cz . The rows show the results for the different HAM sides with the
flrst being HAM A and the second HAM B. The whiskers on the points represent the
two-sigma uncertainty in the coefficients using the covariance matrix of the least squares
regression shown in Equation (6). There is variation in the T (column 1) over detector and
TVAC plateau that has a reverse correlation with the % (column 2). For example, the black
diamonds for TVAC cold plateau electronics side A are higher than the rest in the 7 but
lower than the rest in the E—f In an ideal measurement the T should be a constant number
over detector and temperature plateau due to it being a simple pin-hole screen placed
between the SIS and the instrument. As seen in Figure 8, the T is changing over detector
and temperature. This indicates the T in the regression fit of Equation (6) is absorbing errors
in the measurements. This then causes the C—Z to balance in the opposite direction. The T
and CZ correlation are even more evident in the band M1 low gain measurements where
the less uniform TMCSIS is used.
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Figure 8. Band M1 high gain fit coefficients for all detectors (x-axis) and TVAC/electronics configura-

tions (colors and symbols). The columns are tau respectively. The rows are HAM A and B,

4 C 7 C 7
respectively.

Figure 9 shows the band M1 regression coefficient fits for T, i—? and % from the TMCSIS
measurements for low gain, all TVAC temperature plateaus, and electronic sides. The T
has more variation than the high gain measurement and therefore the % does as well. The

%[1) does not have a clear relationship with the other two coefficients and captures offset
errors while the other two are capturing non-linear shape errors. The 2-sigma uncertainty
whiskers indicate that band M1 high and low gains could set the g—(l’ and 2 to zero due
to the zero line being within the uncertainty of the measurements. This indicates this
band is very linear and the non-linear term is within the uncertainty of the measurements.
Figure 10 shows the T, g—(l’ and % regression coefficients for band M8. Here the 2 2-sigma
error bars do not cross the zero line and indicate there is a non-linear behavior that should
be accounted for in the calibration coefficients on-orbit.
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The 7, %[1] and 2 regression coefficients are shown in Figures 11-13, respectively, for all
RSBs and detectors, HAM A, nominal B-side electronics. The upper left box shows I-bands
I1-13, upper right high/single gain VNIR M-bands M1-M?7, lower right low gain VNIR
M-bands M1-M>5 and M7, and the lower left shows the SWIR M-bands M8-M11. The ©
values in Figure 11 are consistent at around 0.566 for the I-bands, SWIR bands and the high
gain VNIR bands. These bands all use the SIS100 during characterization. The VNIR low
gain bands in the bottom right plot show two different groupings. The SIS100 data for
bands M4, M5, and M7 are near 0.566 while the TMCSIS values for M1-M3 are near 0.563
and have more variability across detector. Figure 12 shows the 5—(1’ with all the bands being
near the zero line except for bands M2 and M3 low gain showing some spikes for a few
detectors. The % in Figure 13 shows the non-linear behavior does vary between bands. The
2-sigma uncertainty bars are not shown here, but they would be used to determine whether
the coefficients straddle the zero line and could be considered statistically significant. As
shown in Figure 10, the SWIR band M8 2 term uncertainties do lie outside the zero line
and the other SWIR bands show similar non-linear characteristics. The dual gain M-bands
show consistent non-linear behavior between high and low configurations even when the
TMCSIS and SIS100 are used for each of those measurements, respectively. This indicates
that the attenuator method reduces the SIS non-uniformity and instability uncertainties
on the response shape characterization. Table 5 lists the c; coefficients for each band, gain
state and TVAC temperature plateau using the calibration coefficient ratios and SIS100
radiance, as shown in Equation (7). While the non-linear response of the detectors should
be consistent over TVAC temperature plateaus, the c; response term is expected to change
with focal plane temperature. The c; correlates with instrument temperature with both
increasing in value from cold-to-hot plateaus. The SWIR band c; change is much smaller
(0.5-0.85%) than the VNIR bands (0.85-4%). This is expected since the SWIR focal plane is
temperature controlled and the gain change is most likely due to EM temperature change
while the VNIR has both OMM and EM sensitivities. Band M9 shows a large variation due
to changes in the water vapor between plateau measurements. This effect is removed and
not included in the on-orbit LUTs. JPSS-1 VIIRS has a nonlinear response behavior in the
SWIR bands that is not present in S-NPP or JPSS-2 VIIRS. This requires JPSS-1 VIIRS to
have a 3rd order polynomial term in its on-orbit calibration coefficient LUT to improve low
radiance radiometric performance [22]. The JPSS-2 VIIRS LUTs are 2nd order polynomial
fits, as with S-NPP.

3.5. Response Sensitivity to Instrument Temperature

The response change versus EM or focal plane temperature is measured during the
transitions between TVAC plateaus. The rate of change in the response versus the delta
temperature of either the EM or focal plane change is computed and is a correction to the
calibration coefficients. With on-orbit calibration measurements only at the South Pole,
intra-orbital temperature corrections of the calibration coefficients are required. Figures 14
and 15 show an example of the band M1 response change (6L) as a function of temperature
change (8T) for the EM and OMM, respectively, during the transition between cold and
nominal plateaus. Each symbol represents a measurement captured during the plateau
transition and each color corresponds to a detector within band M1. The fit lines in the
figures are used to model the temperature sensitivities for requirements assessment and on-
orbit look-up table (LUT) creation. The focal plane sensitivity for band M1 is on the order
of 0.0015 W/m?/sr/um per 1 K change in temperature. The on-orbit variations within
one orbit are in the order of 2 K. This indicates the impact of the response sensitivity to
temperature is around 0.0030 W/ m2/sr/ pum or less within an orbit. The band M1 response
sensitivity to the EM is around —0.0051 W/m?/sr/um over a 1 K range. Orbital EM
temperature variation is expected to be within ~0.5 K, making the temperature sensitivity
of the response to the EM temperature almost negligible. Table 6 lists the temperature
sensitivities for all the bands for both the EM and OMM.
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Figure 11. Comparison of the tau coefficient for all RSBs at nominal TVAC plateau. The upper left
are the I-bands, upper right high gain VNIR M-bands, lower left the SWIR M-bands, and the lower
right the low gain VNIR M-bands. The x-axis is detector, and the colors/symbols correspond to a
particular RSB.
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Figure 12. Comparison of the g—;’ coefficient for all RSBs at nominal TVAC plateau. The upper left
are the I-bands, upper right high gain VNIR M-bands, lower left the SWIR M-bands, and the lower
right, the low gain VNIR M-bands. The x-axis is detector, and the colors/symbols correspond to a
particular RSB.
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particular RSB.

Table 5. JPSS-2 VIIRS c; calibration coefficient for each RSB gain stage and TVAC plateau at the
primary electronics setting. The left, middle, and right sections are for cold, nominal and hot plateaus,

respectively.
Primary
Cold Nominal Hot
Detector HG or SG LG HG or SG LG HG or SG LG

M1 0.3118 0.3152 0.3175 0.3200 0.3247 0.3262
M2 0.2611 0.2621 0.2655 0.2655 0.2687 0.2692
M3 0.2713 0.2717 0.2749 0.2751 0.2766 0.2770
M4 0.2299 0.0272 0.2325 0.0273 0.2349 0.0274
M5 0.2764 0.2768 0.2796 0.2796 0.2830 0.2831
M6 0.0131 - 0.0133 - 0.0133 -
M7 0.1168 0.1168 0.1185 0.1186 0.1193 0.1194
M8 0.0410 - 0.0412 - 0.0407 -
M9 0.0291 - 0.0259 - 0.0256 -
M10 0.0252 - 0.0251 - 0.0251 -
M11 0.0100 - 0.0100 - 0.0099 -

1 0.2442 - 0.2455 - 0.2473 -

12 0.1152 - 0.1163 - 0.1169 -

I3 0.0258 - 0.0257 - 0.0257 -
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Figure 14. Band M1 temperature sensitivity (dL) as a function of electronics module (EM) temperature
change between nominal and hot plateau for each detector (colors and symbols).
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Table 6. JPSS-2 VIIRS radiometric sensitivity to temperature change of the instrument. Columns 2
and 3 are for electronics module and optomechanical module temperature sensitivities for the TVAC
transition from cold to nominal plateaus and columns 4 and 5 are the corresponding sensitivities for
the nominal to hot plateau transition.

Cold-to-Nominal Nominal-to-Hot
dL/dT EM dL/dT OMM dL/dT EM dL/dT OMM

I —0.0011 —0.0063 0.0002 —0.0072

12 —0.0016 —0.0060 0.0004 —0.0083

13 0.0123 —0.0031 0.0004 —0.0014
M1 —0.0051 0.0015 0.0001 —0.0024
M2 0.0015 0.0002 0.0008 —0.0011
M3 0.0000 —0.0018 0.0004 —0.0021
M4 0.0002 —0.0031 0.0004 —0.0035
M5 —0.0014 —0.0090 0.0000 —0.0100
Mé6 —0.0008 —0.0029 0.0004 —0.0037
M7 0.0012 —0.0067 0.0003 —0.0078
M8 0.0047 —0.0018 0.0011 —0.0015
M9 —0.0069 0.0029 —0.0029 0.0028
M10 0.0126 —0.0036 0.0005 —0.0015
Mil 0.0161 —0.0026 0.0006 0.0002

3.6. Uncertainty

The RSB reflectance uncertainty is broken down into six contributors to the total
uncertainty. Figure 16 shows the reflectance accuracy error tree contributors that are
combined using a root sum square (RSS) into the top-level accuracy value. Each one of
the boxes in Figure 16 has subcategories that are listed in Table 7 for all the RSBs. The
values in Table 7 come from subassembly measurements (SD, SDSM), modeled data (Lunar,
straylight, end-of-life degradation) and pre-launch instrument measurements. The main
contributor to the on-orbit reflectance accuracy is the uncertainty in the SD bi-directional
reflectance factor (BRF) and the ability of the SDSM to track the change in the BRE. All
the bands meet the 2% reflectance accuracy uncertainty requirement except for band M1.
The band M1 RVS degradation over the mission and the OOB response in the SDSM are
the main contributors to the 2.3% uncertainty noncompliance. The pre-launch calibration
coefficient characterization uncertainty discussed in previous sections is a small contributor
to the overall radiometric uncertainty. This is a testament to the pre-launch calibration test
equipment and measurement methodology.

Reflectance Accuracy
Spectral Response Stability
Uncertainty between
Calibrations
Response-vs-Scan Offset Knowledge
Uncertainty and Stability
Characterization Solar Diffuser
Uncertainty @ Ltyp Uncertainty

Figure 16. VIIRS top level radiometric calibration uncertainty tree.
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Table 7. A breakout of the reflective solar band calibration uncertainty tree for each component as well as a total rollup (highlighted in green for pass and red for
fail). The gray rows are headers with the rows below them the uncertainties associated with that item. Band M1 fails due to high uncertainty in the SDSM OOB
spectral leak and the RVS change over the mission.

Description Error M1 M2 M3 C M5 M6 M7 M8 M9 M10 M1l I 12 13
Type Low High Low High Low High Low High Low  High Low  High
Reflectance Accuracy (RSS of Bias & Random Totals) D2EaZsol 158 1.53 1.57 1.28 1.34 131 142 1.42 1.45 151 1.54 1.45 1.42 141 1.60 1.40 1.50 143
Characterization Uncertainty at Ltyp Random 0.55 0.19 0.41 0.02 0.90 0.10 0.46 0.37 0.47 0.48 0.38 0.29 0.44 0.34 0.09 0.15 0.18 0.34 0.21 0.13
Response Stability Random  0.137 0137 0.126 0126 0118 0118 0118 0.118 0129 0.129 0120 0.118 0118 0171 0.150 0140 0.130 0413 0.161 0.138
Offset Knowledge & Stability Random  0.050 0.021  0.030 0.020 0.040 0016 0.030 0.021 0.050 0.049 0052 0.050 0.027 0117 0082 0.052 0.168 0175 0.083 0.170
Spec Unc Alloc Random  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
RVS Unc Alloc
Pre-Launch Char Uncer Random  0.07 0.07 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.02 0.10 0.03 0.02 0.03 0.03 0.03
Polarization Error Random  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
RVS Change over Life Random 137 1.37 0.65 0.65 0.20 0.20 0.00 0.00 0.10 0.10 0.00 0.10 0.10 0.08 0.08 0.04 0.07 0.10 0.10 0.04
SD Uncertainty
Pre-Launch SD BRDF Random 091 091 091 091 091 091 091 091 091 091 091 091 091 0.91 091 091 091 091 0.91 091
Straylight Bias -061 —-061 —061 —-061 —061 —-061 —061 —061 —-061 -061 —-061 —061 —-061 —061 —-061 —061 —0.61 —061 —0.61 —0.61
M11 BRDF Extrapolation Random  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.70 0.00 0.00 0.00
Other SD
SD Degradation over Life Random  0.12 0.07 0.13 0.07 0.10 0.04 0.10 0.04 0.10 0.04 0.04 0.09 0.03 0.09 0.13 0.09 0.16 0.08 0.10 0.20
SD—Sun Angle Uncertainty Random 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Post-Launch BRF Change Random  0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
SAS Error Random  0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
SDSM Error
Baseline SDSM Test Random  0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61

Spectral OOB Bias 1.94 0.19 117 117 0.73 0.73 0.61 0.61 0.17 0.17 0.01 -015 —0.15 0.00 0.00 0.00 0.00 0.39 -0.15  0.00
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4. Discussion and Future Work

The pre-launch characterization of the RSB response discussed above is used in the on-
orbit calibrated SDR products. These SDRs are key inputs into the weather and climate EDR
products and require accurate calibration. Characterization of the calibration coefficients,
SD BRDEF, SAS and SDSM are key inputs into the calibrated RSB SDRs that have a 2%
uncertainty requirement. The calibration coefficients use coefficient ratios to characterize
the shape of the detector response. The SD BRDF is characterized to a NIST traceable
standard and is used on-orbit to scale the calibration coefficients to obtain the absolute
calibration. The SDSM and lunar vicarious calibration are used to track the degradation
of the SD BRDF over the mission. Early on-orbit intensive calibration and validation
activities will be performed to assess the quality of the pre-launch calibration coefficients,
SD, and SDSM characterizations. This includes F and H factor trending, VIIRS sensor
intercomparisons, and lunar calibrations to look for biases and stability issues. Image
quality assessments for striping, cross-track banding, and crosstalk are performed to
evaluate the RVS and calibration coefficient consistency over detector and HAM side,
as well as look for unexpected response characteristics not captured in the prelaunch
characterization activities. The high-to-low gain transition point for the dual gain bands
will be examined to verify there is a smooth transition between gains. The VIIRS SDR
calibration team will also work with the EDR community in their performance assessments
to make sure the SDR product is providing adequate inputs into their EDR algorithms.

Another JPSS-2 VIIRS activity that will be performed during early on-orbit intensive
calibration and validation is the VIIRS RSB radiance bias between sensor builds. The S-NPP
and JPSS-1 VIIRS show a consistent bias between the RSBs of ~2-4% [23]. Sensor inter-
comparisons of JPSS-2 VIIRS with the previous two VIIRS builds will provide information
on which sensor’s calibration may be biased. The investigation in [24] suggests that
the characterization of the SD BRDF is the main driver of the bias between S-NPP and
JPSS-1 VIIRS. The SD BRDF of JPSS-2 VIIRS was characterized using the same ground
test equipment and methodology as JPSS-1 VIIRS. If JPSS-1 and JPSS-2 VIIRS show good
agreement and S-NPP VIIRS is the outlier, then the SD BRDF may be the root cause of the
VIIRS sensor biases.

5. Conclusions

The JPSS-2 VIIRS reflective solar band radiometric performance was evaluated pre-
launch during TVAC testing at three different temperature plateaus. The dynamic range,
signal-to-noise ratio, dual gain switching, gain temperature sensitivity and calibration
coefficient characterization was discussed. Band M8 failed to meet the dynamic range
requirements but is an improvement over JPSS-1 where bands M8 and 13 both failed
requirements. Bands I3 and M6 have saturation rollover effects that can impact the SDR
performance at very bright scenes. This was also present in S-NPP and JPSS-1 VIIRS and
has an SDR correction algorithm to mitigate its impact. The SNRs for all bands meet the
requirements with no out-of-family detectors observed (JPSS-1 had one bad detector). All
the RSBs meet their calibration coefficient uncertainty requirements, as seen in Table 7. The
calibration coefficient fits are assessed based on their 2-sigma uncertainties to optimize
their performance on-orbit. This included forcing the offset coefficient to zero and fixing the
transmission of the prelaunch attenuator screen across detector to improve the consistency
of the second order fit coefficient across detector. The radiometric uncertainty of the RSBs
is within the 2% requirements except for band M1. This is due to UV degradation of the
optics and SD over the instrument’s mission life. This causes the end-of-life RVS and SD
BRF uncertainty to increase, causing a requirements failure. While not a requirement, the
temperature sensitivity of the detector’s response was characterized. The sensitivity was
shown to be small with the EM temperature having little effect on detector response and
the OMM temperature being the main driver of temperature-dependent detector response
change. These temperature effects are included in the on-orbit SDR calibration coefficient
LUTs to reduce calibration uncertainty within an orbit and over different seasons.
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