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Influence Coefficients (IC)

“Influence coefficients” (IC) are used to compare the influence of a sender with the response of
a receiver. The purpose of IC is to measure the receiver response to source radiance over the
sender band. The source radiance cannot be measured directly since the light is generally out-
of-band for the sender detector, and must be estimated by use of the measured sender-band
peak and the ratio of the response at the receiver band to the response over the sender.

For band-to-band crosstalk and band-to-point crosstalk, the IC can be summarized as the
measured digital response counts (dn) of a receiver detector over the measured peak
response of the sender band, multiplied by the ratio of gains between sender and receiver
band, by the ratio of bandwidths between the sender and receiver, and by the ratio of the peak
sender-wavelength source response over the source response at the wavelength at which the
receiver measurement was taken.

- Introduction

Knowledge of the relative spectral response (RSR) for each of the Visible Infrared
Imager Radiometer Suite (VIIRS) band is essential for the algorithms to
successfully retrieve the water-leaving radiance component and determine Ocean
. Color. The thermal vacuum tests for VIIRS Flight 1 sensor for the NPOESS
- Preparatory Project (NPP) included the RSR and optical crosstalk by viewing a
" highly polarized light source of a grating Spectral Measurement Assembly (SpMA).
Since the visible and near infrared (VisNIR) bands of VIIRS on the Flight 1 are
observed to have optical crosstalk that is sensitive to the polarization of incident
light, it is possible for the RSR and crosstalk to be mischaracterized due to
- polarization of the test equipment. An RSR that describes only one polarization
state of VIIRS may lead to errors in the Ocean Color Environmental Data Record
(EDR) product. A polarization-independent “unpolarized RSR” is preferred to
- minimize such errors.
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The SpMA is highly polarized

h Supplemental tests were conducted to correct for the polarization in the SpMA
i source. Results of the supplemental test provided good correlation enabling
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extrapolation to wavelengths and bands beyond the test range. Analysis of the

} data has resulted in a prescription for correcting the SpMA polarization that is vrTRE—T | A [
» relatively mild. These observations suggest an effective RSR for the unpolarized ———> 008 Light 11 - pow.ces
light is applicable to mitigate the effects of the optical crosstalk in the VIIRS Flight %«@“\L / Row_C135
1 and the polarization of the Earth scene is likely to only exhibit a minor impact on 5 \ 1 '
¢ the Ocean Color EDR. It is noted that the root cause of the optical crosstalk for Alongsean | | f | A
: Flight 1 has been corrected for Flight 2 and beyond. X D In-Band Response
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Cryo- ‘ v 2 §7: What is Optical Crosstalk?

radiator ‘ ! Optical crosstalk is response measured by a detector from light originating at a different
é"? 4 detector. Optical crosstalk includes intra-band crosstalk that originates from the same band
g (but different detectors), and inter-band crosstalk that originates from a different band.
, B A primary mechanism for optical crosstalk is angular resolved scatter (ARS) which is

Cold FPA Dewar N~ transmitted at a particular wavelength due to transmission through the filter coatings. This type
ﬁ\;ﬁfor?%aﬁg?ndat of crosstalk can propagate at unexpected wavelengths that are neither part of the receiver

All Reflective 3-Mirror Anastigmat band-pass nor the sender band-pass. ARS can be intra-band or inter-band.
Aft Optics Imager Half-angle Mirror Al reflective Rotating (8l /*nother mechanism accounted for in other tests is Near-Field scatter from the optics of the
for de-rotation  Telescope - LOS % instrument, which causes light on a sender to be measured by a receiver for which that light is
" within its in-band wavelength. Near-Field scatter is removed from the test data prior to optical
. _ . crosstalk computations.

ﬁ'f'rif;? igi%;_[)lagram' VIIRS telescope sweeps across the Barth san and measures response from visible and Intra-band Optical Crosstalk across bands must be understood in terms of radiance rather than
sensor counts because different bands have different gains and bandwidths. Optical Crosstalk §

IS measured in terms of “influence coefficients”, which account for these differences.
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There is a high degree of polarization of the
SpMA source that becomes more
pronounced at longer wavelength.

¥ ETP-655 measures crosstalk polarization dependence at wavelengths where out-of-band signal is highest Testing

VIIRS sensor-level testing includes measurement of a spectrally-resolved source

M1 sender —Ml1

gl ==c - Wavelengths for ETP-655 test for (Spectral Measurement Assembly, SpMA) to determine both the relative spectral
e o “nolarized crosstalk characterization” response (RSR) of VIIRS, as well as the crosstalk characteristics between VIIRS
== , bands. All tests discussed here (with the exception of the ETP-655 cross-slit test)
0010000 7 are chosen by selecting out-of-band measure RSR and band-to-point crosstalk.
e M6 “tall poles”. The validity of the crosstalk testing requires that crosstalk for an unpolarized scene can
be determined with measurements made using a polarized source (the SpMA). To
0.000100 | ~ui | apply a correction for the polarized source, characterization of the source and a limited
U Below, and at right, M3, M4, = test of VIIRS polarization response were both needed.
s 5 Y ﬁ HIE Gresetall S 7 In addition to the characterization of the SpMA, the following VIIRS sensor-level tests were used for
-‘5 L R R 'iél‘\ to the M1 example at left. o l this analysis
0.000001 Wi, 2 R - - - J
R R oo E 7555 polarization s FP-15: High resolution measurements of relative spectral response at extended wavelengths
Wavelength, nm measured at different “tall -FP-16: Lower resolution measurements of relative spectral response at in-band wavelengths and
poles” than for M1. out-of-band crosstalk influence coefficients

This chart shows the normalized relative spectral response (RSR)
over wavelength for all Visible-regime receiver bands (412 nm to 865
m). The SpMA is directly illuminating only M1 (412 nm) band

*ETP-654: Analysis of degree of polarization of SpMA outputs using a wired grid polarization analyzer
*ETP-655 long-slit ilumination: Measurements of crosstalk influence coefficients at 4 polarization

detectors. The plot is corrected for electrical crosstalk at peak M1 —_— o . angles (0, 45, 90, and 135) using a slit illumination at selected wavelengths, detectors and bands
wavelengths. Y-axis is logarithmic. “IC” influence coefficients s — "M1 (412 nm): detectors 4, 9, 14 at 624.1, 645, 662.4, 676.2, 786.9 nm L
approximate the non-M1 receiver band radiance , e.g. M2 (445 nm- - ~a *M3 (488 nm): detector 9 at 660.9, 676, 764.1, 799.9 nm ETP-655 test limited to
M7 (746 nm) and 11(640 nm)-12(865 nm) by use of peak M1 signal g3 i s95.5 Vi * M4 (555 nm).: detector 4, 9, 14 at 595.5, 606.5, 733 nm high-crosstalk “tall poles”
and the ratio of the gains between the two bands. RSR is corrected = =o= : < omm / *M6 (746 nm): detector 9 at 448, 640.5, 834.5 nm

488

by SpMA relative spectral outputs (RSO), which is uncorrected at l
native degree of polarization. | J
M1 polarization measurements in ETP-655 were limited to “tall pole” \Afa Muns | aclng dx bl g’ 1]

wavelengths at 624.1, 645, 662.4, 676.2, 786.9, 803.2 nm, which are e W References . . TR b=y . . .
the wavelengths of highest crosstalk for a receiver band. ' Raytheon Corporation, “VIIRS Radiometric Calibration Algorithm Theoretical Basis Document”,

Version 5 revision 5 (20095)
(panel 1 of 2) : * Background Images from MODIS Aqua provided by NASA Visible Earth Catalog

*ETP-655 cross-slit point illumination: Measurements of polarization dependent crosstalk influence
using point illumination as in long slit illumination
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* Degree of linear polarization mostly less than 30% for M1 sender band.

y Basis for Estimate of Crosstalk Polarization Parameters ‘
for Untested Peaks and Bands

e M1, M2, M3, I1 shows repeated bursts of several sharp peaks
— Typical about 6 peaks with a similar IC ratio in a given burst
— Good correlation of inter-band to intra-band IC ratio among the bursts

— Good correlation of A2 and B2 values (or degree of polarization and phase angle) a
derived from ETP-655 among the bursts

— Suggesting tall pole data in M1 and M3 can be used to estimate

untested wavelengths, and averaged values in M1 and M3 to estimate for
untested M2 and I1

o Correlation of the spatial filter spread function (FSF) with filter orientation and
of polarization with filter orientation

— Wide FSF occurs only in blocker-up (toward light source) orientation

— Narrow FSF occur in all blocker-down (toward detector) and those blocker-up at
wavelengths closer to in-band

— Suggesting tall pole data in M4 and M6 can be used to estimate
untested wavelengths for M4 to M7 and 12

S 88 o Fluorescence peaks have no polarization dependence

— Applying all fluorescence peaks exclusively on the blue side of in-
band for M4 to M7 and 12

Equation to Correct for SpMA polarization

ICFP16 = ICunpolarizel (1+ DOLPSpMA . DOLPXtaIk ® COS 2(0! _ ¢Xtalk % ZSPMA)) T ‘

Here:
— IC .44 Influence coefficient as measured in FP-16
— IC ,poiarizea: INfluence coefficient for unpolarized light

— Dop spwa : degree of polarization of SpMA outputs, derived from ETP- § h
654

— XspMa Phase angle of SpMA outputs, derived from ETP-654
— DoLPy.. : degree of polarization of crosstalk, derived from ETP-655
— Oy Phase angle of crosstalk, derived from ETP-655

o Influence coefficient as derived from FP-16 can be corrected for
SpMA polarization using with DoLP of SpMA outputs and polarization
parameters of crosstalk from ETP-655

Correction can be applied to intra-band and inter-band crosstalk

M1 Long-Slit Crosstalk Polarization at “tall-pole” wavelengths
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« 0° polarized light is favorable for intra-band crosstalk, 90° is favorable for inter-band crosstalk.
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Point illumination with polarized light: M4 intra-band Xtalk, d7
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R nm have no polarization dependence.
JL N Wider spread function for crosstalk
sEnERiEEEEumERE peak at 834.5-nm, which does have

polarization dependence.
488nm and 834nm shown above.

M4 at 606 & 733 nm
M4 to M3 crosstalk

Comparison of Effective RSR with and without Detector Specific Effective RSR for

Polarization Correction

M1 COrreCthn appears 0.012 EffectLveRTR.wi:ha::dwit:::tpolarizationcorrectio:M1 . . : . .

. 3 ——Unpolarized effective g
to be relatively minor, soto | —Efective RSk " h mainly Wlt.hln the in-band region.
attributed to relatively SPMA smile has been corrected.
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0.004

N

opposite intra-band. -

600

M4 Effevtive RSR with and without polarization correction

0.0030 —Unpolarized effectiveRSR

— Effective RSR

0.0025

0.0020

RSR

0.0015

0.0010

0.0005

0.0000
650 700 750 800 850 900 950 1000

Title

M4 correction appears to be minor
though the degree of polarization is
high (~55%). Attributed mainly to
opposite phase angles between
intra-band and inter-band
crosstalk.. M

from ETP-655.

Conclusion: Polarization has minor influence on Effective RSR

Effective RSR (as measured) Is calculated by summing intra-band RSR/OOB with inter-
band crosstalk from all sender bands per receiver detector and band. Effective RSR is
corrected for SpMA polarization with derived crosstalk polarization parameters calculated

Polarization correction appears to be mild. Unpolarized effective RSR will be used to
generate LUTs for ACO, Aerosols and Surface Reflectance for crosstalk mitigation.
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RSRs are detector dependent,

Residual dependence is in part due
| to telescope being non-telecentric.
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