NPP VIIRS Flight 1 Relative Spectral Response (RSR) Overview

Contributors:
Chris Moeller (Univ. Wisconsin)
Tom Schwarting (NICST/Sigma Space Corp.)
Jeff Mclntire (NICST/Sigma Space Corp.)
Hassan Oudrari (NASA/Sigma Space Corp.)
Dave Moyer (Aerospace Corp.)

May 2, 2011 (original document)
Revised: January 31, 2012

Table of Contents
EXECULIVE SUMMAIY ... .oiiiiiiiiiieieeie ettt neesne e 1
ISR 101 oo 13 Tox { [0 o RS URTRPI 2
2. RSR Measurement BaCKground ..........ccceoueiiieiieiiiiie e sieseesn e 2
3. RSR ProUUCES OVEIVIBW .......oiuiiiiaiieiiie ittt sttt sttt st ste et s sneesaesneenneas 3
A, ODSEIVALIONS ..ottt ettt bbbttt ettt bbbttt n s 4
A. Government Team Instrument Level vs Spacecraft Level RSR...........ccccocevveinne 4
B. Northrop Grumman vs Government Team RSR ........cccccovvvevieveiiieseece e 7
5. RECOMMENUALIONS .....oviiiiiiiiitieiicee ettt ste et e sbeenbeeneenneas 9
6. RSR Data AVailability ........ccooveiiiieiice e 10
7. Government Team Point of CONtact LiSt.........cccooeriiieiiieniiie e 10
APPENTIX A ettt ettt et a e a et e eneenreeneearaenreens 11
APPENTIX B ..ttt a e nae e 13

Executive Summary

The NPP VIIRS RSR have been measured multiple times and independently analyzed by
both the Northrop Grumman and Government teams. This document provides insight on
the details of the RSR measurements and resulting RSR products. Northrop Grumman’s
October 2011 band averaged RSR have been deemed acceptable by the Government team
to represent the NPP VIIRS at-launch RSR. The Government team RSR, an alternative
high quality RSR available to the science community, agree closely but not exactly with
the Northrop Grumman RSR primarily due to analysis differences that only affect the
RSR at low response levels. As the official at-launch RSR used to populate at-launch
SDR and EDR LUTs, the Government team is recommending that the community apply
Northrop Grumman’s October 2011 band averaged RSR product to support SDR and
EDR product algorithm development and evaluation. However, the Government team
RSR will remain available to the community for their investigative interests, and may
evolve if new understanding of VIIRS spectral performance is revealed in the post-launch
era of NPP.



1. Introduction

Spectral testing of the NPP VIIRS F1 sensor to retrieve relative spectral response (RSR)
has taken place at two independent levels in the F1 pre-launch test program: instrument
level and spacecraft level. Instrument level RSR measurements of all VIIRS spectral
bands took place at the Raytheon EI Segundo, CA facility in summer 2009, while
spacecraft level RSR measurements of VisNIR bands took place at the Ball Aerospace
(BATC) Boulder, CO facility in spring 2010. The instrument and spacecraft level RSR
measurements are considered to be independent measurements, taken under very
different test setup conditions of the F1 spectral performance. This document is intended
to distinguish between these two sets of measurements as well as clarify Government
team and industry versions of the RSR for the user community.

2. RSR Measurement Background

The RSR for the complete set of VIIRS bands was carefully measured during instrument
level testing at Raytheon El Segundo in summer 2009. The Spectral Measurement
Assembly (SpMA) was used with a slit reticle to constrain source illumination (1* order)
to the detectors of a single band. Within the performance constraints of the SpMA dual
monochromator system, such a measurement is ideal for identifying bandpass filter
spectral characteristics for an illuminated band. However, analysis of data from other
instrument level tests showed that VisNIR bands were affected by optical and electronic
cross talk, effects that are not governed by the bandpass filter of a cross talk receiving
band. It has been postulated that light traveling through the bandpass filters scatters at
high angles, allowing out-of-band (OOB) light to reach the detectors of non-illuminated
neighboring bands as well as the detectors of the illuminated band. Further, it was
observed that the OOB signal contained dependence on source polarization and that
indeed the dual monochromator SpMA is a highly polarized source in VisNIR
wavelengths.

Motivated by the need to understand spectral performance and testing issues of the
VisNIR bands, a set of special spectral measurements was sought and added to the
spacecraft level test program conducted in Boulder, CO at BATC. Spacecraft level
spectral measurements used a different strategy designed to complement and enhance the
instrument level spectral testing of the VisNIR bands. To support these measurements,
the Traveling SIRCUS (T-SIRCUS) laser based system was deployed by the National
Institute of Standards and Technology (NIST) to the BATC test facility in spring 2010.
With T-SIRCUS, the test was designed to illuminate the entire VisNIR focal plane
simultaneously and uniformly by passing the source signal through a spherical integrating
sphere. Through this strategy, all influencing effects including optical and electronic
cross talk and high angle scatter contribution to OOB would be integrated into a single
measurement in a “test as you fly” approach. The T-SIRCUS system had the further
advantage that the source is unpolarized, removing a degree of freedom from the
spacecraft level RSR analysis.




3. RSR Products Overview

The NPP VIIRS RSR measurements have been analyzed by industry (Northrop
Grumman, henceforth “NG”) and by the Government team (NASA, Aerospace Corp.,
MIT/LL), resulting in multiple versions of NPP VIIRS RSR. The purpose of the NG
RSR has always been to populate the Look-Up-Tables (LUTS) that support VIIRS SDR
and EDR product processing at IDPS, whereas the Government team RSR had the
following objectives:
1. To provide an independent high quality analysis of RSR, available for comparing
with the NG RSR product.
2. To release an early pre-launch high quality RSR data set to the science
community preparing for the launch of NPP.

NG released RSR in March 2010, December 2010 and again in October 2011. The
October 2011 release is considered to be the best NG RSR product. The NG RSR, which
include both a detector based and a band averaged RSR, consist of the following:
e An “effective” RSR (combination of polarization corrected instrument level RSR
and cross talk influence measurements from other instrument level testing) for
bands 11 and 12.
e A “fused” RSR (combination of instrument level “effective” RSR and spacecraft
level RSR measurements) for bands M1 — M7. This includes cross talk influence.
e A RSR based upon instrument level measurements for bands M8 - M16(A,B) and
I3 - 15. This does not include any cross talk influence.

The Government team RSR, a detector based RSR product, currently consist of:

e RSR for bands M1 — M7, 11 and 12 based on instrument level RSR measurements
and referred to as the Government Team “Best” RSR for F1 VisNIR Bands
(September 2010 release). This does not include cross talk influence.

e RSR for bands M8 — M16(A,B) and 13 — I5 based on instrument level RSR
measurements and referred to as the Government Team “Best” RSR for F1 CFPA
Bands (September 2010 release). This does not include cross talk influence.

e RSR for bands M1 — M7 based on spacecraft level RSR measurements and
referred to as the Government Team “Best”” Spacecraft-Level RSR for F1 VisNIR
M-Bands (April 2011 release). This includes cross talk influence.

e RSR for bands 11, 12 based on spacecraft level RSR measurements and referred to
as the Government Team “Best” Spacecraft-Level RSR for F1 VisNIR I-Bands
(June 2011 release). This includes cross talk influence.

e RSR for Day-Night Band (DNB) based on instrument level RSR measurements
and referred to as the Government Team “Best”” RSR for F1 DNB (November
2011 release).

After a detailed review by the Government team, the October 2011 band averaged NG
RSR product release has been deemed appropriate to represent the NPP VIIRS at-launch
RSR characterization. The Government team has recommended that the October 2011
NG band averaged RSR product be used to populate the Look-Up-Tables (LUTS) that
support VIIRS SDR and EDR product processing at IDPS.



As can be seen in Section 4.B and in Appendix B, comparisons between the NG band
averaged at-launch RSR and the Government team RSR products show close but not
exact agreement. With a few exceptions, differences are confined to low response (<1E-
04) wavelengths. As such the Government team RSR data set represents a high quality
alternative RSR data set available to the community for their research interests, while the
NG RSR represents the official at-launch RSR. The Government team RSR product will
remain available to the science community to support investigation of RSR influence on
SDR and EDR products as the understanding of VIIRS performance evolves and matures
through the NPP mission lifetime. The Government team RSR product may also be
updated to reflect any new insight and understanding gained in the post-launch NPP era.

4. Observations

This section will provide some insight on the various Government team and NG RSR
products by providing some example comparisons. Sub-section A provides some insight
on differences in the RSR as depicted at instrument level and spacecraft level in the
Government team RSR products; perhaps of greater interest to potential users of the RSR
products, sub-section B compares NG and Government team RSR products.

A. Government Team Instrument Level vs. Spacecraft Level RSR

Bands M1 - M7, 11, and 12 were measured at both the instrument level and the spacecraft
level. As outlined in section 2, there were important differences in the test design and
source characteristics of the instrument level and spacecraft level measurements.
Therefore, it was not expected that instrument level and spacecraft level RSR would (nor
should) exactly agree; the degree to which these two RSR data sets do not agree provides
insight on cross talk and polarization influence in VIIRS RSR. Additionally, the
spacecraft level RSR test setup is generally accepted as superior to the instrument level
RSR test setup for scaling OOB and cross talk influence to the in-band response, due
largely to the absolute source characterization that was collected and applied in the
spacecraft level analysis.

Figure 1 shows the resulting RSR from Government team analysis of both sets of
measurements for one detector of band M1. The following is evident in Figure 1:

1. Most of the peaks in the OOB region are reflected in both the instrument level and
spacecraft level measurements.

2. Spacecraft level RSR contain a response zone centered at about 550 nm that is not
shown in instrument level RSR. This is a cross talk feature.

3. There are small amplitude differences in the common response peaks of the two
data sets, likely due to test setup differences and/or polarization and cross talk
influences on the RSR.

4. Spectral coverage of instrument level measurements extends beyond the coverage
of spacecraft level measurements.

5. Portions of the spacecraft level data appear noisy at much higher response levels
than the instrument level data.
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Figure 1. Comparison of band M1 instrument and spacecraft level RSR for detector 8.
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Figure 2. Comparison of band M2 instrument and spacecraft level RSR for detector 8.
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Figure 3. Comparison of band M5 instrument and spacecraft level RSR for detector 8.

Response peaks in the M1 OOB region are largely believed to be due to high angle
scattering in the filter of the illuminated band. Figure 1 largely supports that hypothesis
through close agreement in the amplitude of OOB peaks for both instrument level

and spacecraft level RSR. Exceptions are evident in the M4 (~540-560nm), M6 (~740-
750nm), and M7 (~840-880nm) spectral regions where cross talk driven response is also
occurring in the spacecraft level RSR; because M4, M6, and M7 detectors are not
illuminated during M1 instrument level spectral testing, no cross talk response is present
from those spectral regions in instrument level M1 RSR. Spacecraft level data is clearly
noisy in the 430-500nm spectral region.

By contrast, M2 (Figure 2) shows considerable amplitude difference between the
instrument level and spacecraft level RSR. Other instrument level testing has indicated
that these differences are largely due to optical cross talk from M1 and M4 into M2. This
optical cross talk is captured in the M2 spacecraft level RSR. Electronic cross talk driven
response at the spectral positions of bands M4, M6, and M7 is also evident in M2
spacecraft level RSR, superimposed on optical cross talk and OOB driven response.
Points 4 and 5 from band M1 discussion are also relevant to band M2.

Figure 3 shows the M5 band RSR. In this case there is relatively close agreement
between the instrument level and spacecraft level RSR at most wavelengths. The M5
RSR contains a broad high response plateau from 430-620nm that has been attributed to
colored glass fluorescence (also found in bands M4, M6, and M7 in Appendix A). It is
noteworthy that the spacecraft level RSR is unable to depict the response drop-off from
the fluorescence shoulder at about 430nm due to the higher noise present in the spacecraft
level measurements. Electronic cross talk driven response is also evident in the



spacecraft level RSR at the M6 (~740-750nm) and M7 (~840-880nm) spectral positions.
A considerable response difference in the 960-1000nm region is not well understood,
perhaps driven by polarization influence in the instrument level RSR.

Figures showing the comparison between instrument level and spacecraft level RSR for
bands M3, M4, M6, and M7 are present in the appendix of this document. Their behavior
is consistent with that of the bands discussed in this sub-section.

B. Northrop Grumman vs. Government Team RSR

The at-launch RSR for NPP VIIRS is a band averaged RSR, released by NG in Oct 2011.
NG applied an SNR based filter and detector dispersion test to discriminate low quality
from high quality response, identifying wavelength limits for each band outside of which
the response is filtered. This comprises the at-launch RSR data set currently available to
the community on the NOAA JPSS web site (http://www.star.nesdis.noaa.gov/jpss/).

While NG incorporated many aspects of the Government team RSR analysis into their
RSR, some differences remain with the Government team RSR. The NG RSR are based
upon instrument and spacecraft level measurements (i.e. “fused” RSR) for bands M1 -
M7 and upon instrument level measurements alone for bands I1 - 15 and M8 - M16(A,B).
For comparison purposes, the Government team produced its own version of a fused RSR
for detector 8 of bands M1 — M7. Like the NG fused RSR, the Government team fused
RSR retained all high quality spacecraft level response and supplemented that with
instrument level response to fill in spectral gaps; unlike the NG fused RSR, the
Government team did not normalize the instrument level and spacecraft level RSR to
each other before creating the fused RSR, nor did the Government team apply a crosstalk
or polarization correction to the supplemental instrument level response (these
corrections considered to be small at low response). This will result in some differences
between the NG and Government team RSR at low response wavelengths in the OOB
portion of the RSR. Additionally, the Government team analysis retained the noise floor
response in its RSR products whereas NG filtered out the noise floor for its RSR product.

Examples of the spectral comparison between NG band averaged at-launch RSR and
Government team single detector RSR (the Government team has not released a band
averaged RSR product to date) are given in Figure 4. Plots of all bands except DNB are
included in Appendix B. In all bands shown in Figure 4, the in-band region plots show
close spectral shape and position agreement. Minor differences due to the VIIRS non-
telecentric optical design and to filter variations can be expected in a comparison of a
band averaged to a single detector RSR. The OOB plots show close agreement of all
prominent response features in band M1, but less agreement in band M2 for features with
response less than 1E-04. This is due to the analysis differences mentioned above. In
band M10 the OOB response agreement is very close; in band M15, retention of the noise
floor by the Government team is evident.

The RSR plots of Appendix B show generally close agreement in both the in-band and
OOB regions. A notable exception is band 11, where NG’s estimation of cross talk and
polarization influences causes a response difference in the OOB region. As in the case
for band M2, the Government team chose not to include these elements.
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Figure 4. Comparison of NG band averaged RSR and Government team Detector 8 RSR
for in-band (left) and out-of-band (right) spectral regions.



5. Recommendations

The Government team recommends the use of NG Oct 2011 band averaged RSR for
investigating and evaluating VIIRS product performance. The NG Oct 2011 band
averaged RSR were used to populate the at-launch LUTSs for VIIRS processing. The
following supporting statements are provided:

1. The NG fused RSR, using high quality spacecraft level RSR supplemented with
high quality instrument level RSR to characterize spectral response for NPP
VIIRS bands M1-M7, are the best characterization of RSR for these bands. The
spacecraft level RSR provide the characterization for medium and high response
wavelengths, taking advantage of cross talk characterization that is present in the
spacecraft level RSR (and that will be present during VIIRS on-orbit operation),
while the instrument level RSR provides useful characterization at low response
wavelengths. Further:

a. High quality spacecraft level RSR is deemed preferable over that of high
quality instrument level RSR at wavelengths where both are available.
The Government team made its own determination and assignment of data
quality through a Data Quality Flag and provided it with its spacecraft
level “best” RSR release. NG adopted the data quality information to
identify high quality wavelengths in their fused RSR for bands M1-M7.

b. The use of spacecraft level RSR at wavelengths where the data quality is
low is not recommended. This position was also adopted by NG with
some modification for a detector dispersion test on the response. The NG
modification is deemed acceptable by the Government team.

c. Users of M1-M7 fused RSR or M1-M7 spacecraft level RSR are cautioned
that electronic cross talk driven response is gain state dependent in the
dual gain bands (M1 — M5, M7). Electronic cross talk driven response in
the spacecraft level data was measured only for the “high” gain
digitization state; it was not practical to confirm electronic cross talk
behavior for “low” gain state. Users are cautioned in the use of electronic
cross talk driven response for other than high gain state.

2. The NG Oct 2011 band averaged RSR for SWIR (M8-M11), MWIR (M12-M13),
and LWIR (M14-M16A,B) bands is acceptable to characterize spectral response
for those bands. This is also the case for all | bands (11-15). The RSR for all of
these bands is based upon instrument level measurements only (no spacecraft
level measurements for bands M8-M16 or 13-15; spacecraft level measurements
for 11 and 12 were not ideal and were not applied by NG). The Government team
RSR analysis closely corroborated the NG analysis for these bands.

3. Government team instrument level RSR are a viable alternative to NG Oct 2011
RSR. The Government team RSR provide a high quality detector by detector
RSR for all bands. It is noted however that radiometric impact of using
Government team RSR compared to using NG band averaged RSR is expected to
be very small or negligible, with differences in the NG and Government team
RSR confined to very low response levels. Nevertheless, the Government team
RSR will remain available to the community for their RSR related interests.
Additionally, as warranted, the Government team may update its RSR to reflect



new understanding of sensor performance as it is revealed in the post-launch era
of NPP VIIRS.

6. RSR Data Availability

The NG band averaged at-launch RSR product and the Government team detector by
detector RSR products are available at the NOAA JPSS web site at
https://cs.star.nesdis.noaa.qov/NCC/SpectralResponseVIIRS

The NG band averaged at-launch RSR are available in files containing both the band
averaged RSR plus the supporting detector level RSR (sensor order detector numbering
only; see definition next paragraph) used to produce the band averaged RSR, or in files
containing only the band averaged RSR. The data files along with a README are
contained in tar files on the web site:

NG_VIIRS _NPP_RSR_filtered_Oct2011_BA DET.tar (band avg and detector level)
NG_VIIRS_NPP_RSR_filtered_Oct2011_BA.tar (band avg only)

The Government team products are available for “sensor” and “product” order detector
numbering. Sensor order detector numbering (leading detector in track direction assigned
as detector #1) was employed during pre-launch testing; product order detector
numbering (leading detector in track direction assigned as detector #16 for M bands or
detector #32 for | bands) is considered to be convenient when working with on-orbit data
as the first data line in a VIIRS granule is intuitively assigned as detector #1.

7. Government Team Point of Contact List
For questions on this document or related NPP VIIRS RSR matters contact:

Chris Moeller, Univ. Wisconsin, chrism@ssec.wisc.edu
Tom Schwarting, NICST, thomas.schwarting@sigmaspace.com
Jeff Mclntire, NICST, jmcintire@sigmaspace.com
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APPENDIX A

VIIRS F1 Spacecraft Level RSR
Govt Team analysis; Band M3

Spacecraft Level Det 8
— Sensor Level Det 8

0.1

0.01

0.001

Response

0.0001

le-05

le-06

00 400 500 600 700 800 900 1000 1100
Wavelength (nm)

le-Og

Figure Al. Comparison of band M3 instrument and spacecraft level RSR for detector 8.
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Figure A2. Comparison of band M4 instrument and spacecraft level RSR for detector 8.
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Figure A3. Comparison of band M6 instrument and spacecraft level RSR for detector 8.
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Figure A4. Comparison of band M7 instrument and spacecraft level RSR for detector 8.
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APPENDIX B

Comparisons of NG band averaged RSR to Government team detector 8 (M band) or 16
(I band) RSR for in-band (left) and out-of-band (right) spectral regions. Provided for all
VIIRS bands except DNB.

NPP VIIRS RSRs: Band 11
NG RSR Product Oct 2011

NPP VIIRS RSRs: Band 11
NG RSR Product Oct 2011

1100

R B R AEaR! A B e RaRa Ig L adtts BB e s B
'F s \//\,, E [
< —— h — NG “effctive” Band Avg
E = i ] 1 B
09k o \ E o1l .: | GT “Best” Det 16 A
E \ ! |
08 s | { ||
0Tk J{l’r 001 lfl !
E | |
FosE / L3 ooy r"‘(‘ ' F
= | | = 1 " f\h
l'].-'l:— J 1 3 { \ c\l Vi, Al |I
F | NG "effective” Band Avg \ ] 0.0001 |- J W W ¥ T
03F f GT “Best” Det 16 Vo | I\
/ :i 1 | | 4,
N |
02F /I b 1e-05 1 ( i ) \. ]
E 3 F 1.3
"t/ \ 3 It L i
1 FTTTE FTET PR FTTE PN PR T FTETE PR B e [Py a1 | PPN IPEPEPIPE B A AR i ML
S50 S0 60 610 620 630 640 650 660 670 680 690 %0 400 500 600 700 BOO 900 1000
Wavelength (nm} Wavelength (nm}
NPP VIIRS RSRs: Band 12 NPP VIIRS R5Rs: Band 12
NG RSR Product Ot 2011 NG RSR Product O 2011
R e L R R RSRssEss s s Ea e I o e o o e L e o A
1= — = E b
/
gk \ E [
7k ; 01E P E
] E i |
ORE = || |
0T 4 001k ! { .
y 06 E. } 1
é. 3 é ; |
Fosk E % 0001 = / \ E
2 F =
04 _ A i \'Al.
F — NG “cffctive” Band Avg | | 0.0001 W'I J 3
03 GT "Best” Det 16 H | 1’!
0z le-05 [ J f l'\.
E \ E
0.1f
; / N 3 ﬂ {
TP I S W FETITN FEE IS PR i P PP PRI L PRI PRI 01 T 1 I PPN I 110
$l0 820 %0 80 850 80§70 880 8K 90 910 ' 400 500 600 00 800 900 000 1100
Wavelength (nm) Wavelength (nm}
NPP VIIRS RSRs: Band 13 NPP VIIES RSRs: Band I3
NG RSR Product Oct 2011 NG RSR Product Ot 2011
T T T T T T T T T T T T
E T ] I. | NG “filtered” Band Avg
03E - ! E otk |1 GT "Best" Det 16 -
0RE Y. N [ E |
/ N ! |
0TfF i 1 E 001 | E
f | |
y 06F ¥ E 5 !
£ f \ g f
FosE | | E ¥ 0001 = \ =
£ | [ = | !
04 | \ i \
E [ [— NG “fillered” Band Avg| | Q.0001 \ I E
03 i GT "Best” Det 16 \ i/ \ |
£ ! (‘/
02f / 5 / Ny
“r / le-05 | VP
0.1 / \ F | |
STEECS ot PR TEUIY TEVTYPYYP PRRTLTITTY PUVTY TOOVE TV ot OO P I /U R |1
1530 1540 1550 1560 1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 o0 1500 2000 2500

Wavelength (nm)

13

Wavelength (nm)

3000



NPP VIIRS RSRs: Band 14
NG RSR Produgt Oct 2011

NPP VIIRS RSRs: Band 14
NG RSR Produgt Oct 2011

I I I 1 E I I I il I Fi

= - E fh’ \ 3

E -. Py ] F i ]

: f\f\f\k y M ] F NG “filtered” Band Avg / | ]
3 / E ol G "Best” Det 16 | | i

i B 3 1E ! | E
0RE PR 1 = E f | ]

' ‘- E - / \ ]
07f 001 { \ :

F E F 1 :

3 r / 1 4
3 E 0001 | ;| \ E
- é —— NG "filtered” Band Avg é 0.0001 E
03 GT "Best” Det 16 E
0z E les i i . { E

E E El [ nn M . E
olf E ECLIY i 'I| 4 I| . \ 03

E B0 [ | WY,

L NI EPRPETEI SRR SEPEIE BTETE Ic_'.||.|.|.|..|."..'|.....|....|...'.- .

Y100 3500 3600 3700 W00 3900 4000 4100 %0 2500 3000 3300 A000 4500 000

Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band I5 NPP VIIRS RSRs: Band I5
NG RSR Product Oct 2011 NG RSR Product Oct 2011

anaaE T T — e e SlLARnes ~mans pa s

= ) NG "filtered” Band Avg
osf \ 3 :
0Tk Nz E 001 |4

F 1 Nba [
06 = i " IR Y | \ 1

%_ E i il M n N If
£051 E 50001 |‘ | LY .
“F E | {
04f E | | ”

F — NG "filtered” Band Avg ] 0.000 | 4
03F —— GT "Bext” Det 16 E 1
I ‘ ‘ | | i

F E E
3 \ I ;

E 'l BRI EPETEP A INE AT IR I — Lo ....|| N TSN PR P
1000 10500 11000 11500 12000 12500 13000 i T '.rouo suoo uwo 10000 11000 12000 13000 14000

Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M1 NPP VIIRS RSRs: Band M1
NGRSR P;m:o::mu NG RSR Product Oct 2011
F T — E g .r;...,....,....,....,....,....,.

AN |
[T E I

: . \ ] o1 1 l GT “Fused” Dot § N

E | ] E E
08 = F | ]

E ] k | g
07 E 00l | 1 3

%u.ci— E i ’ ]
g osf i E 2 0.001F E

E ! ] 3
04 | 3 F ]

F — NG "Fused” Band Avg ! 3 0.0001 E
03 —— OTSC "Best” Det & 1 E F | E

E 1 ] 1
02 4 E 105 /| ) ] .

F 1 E 1 IRl /9
01f \ E E | i :

E E H '

E_. [ B B SO Lot L L Ly | N T TS R
%0 400 410 420 430 %o a0 500 600 700 800 900 1000 1100

Wavelength (nm) Wavelength (nm)
NPP VIIES RSRs: Band M2 NPP VIIRS RSRs: Band M2
NG RSR Produet Oct 2011 NG RSR Produet Oct 2011
E — 1 1T e L ALA B B A e s o g
N NG “Fused” Band Avg
09F E L GT “Fused” Det 8 .
E 0lg F
4 001
3 E 0001 |
E -
— NG Fusal" Band Avg 0.0001
GT §C "Best” Det 8 E
\\ E 1e-05 | |
e ] i,
460 te-Mon a0

Wavelength (nm)

T00
Wavelength (nm)

14




NPP VIIRS RSREs: Band M3
NG RSR Produgt Oct 2011

NPP VIIRS RSREs: Band M3
NG RSR Produgt Oct 2011

T — T T T T 1 Lg L L | L B B L BB B BB BRI

e o ; [ E
N ) |

E 4 ol i s L 3
o0k E ] 1 1
o.‘rf— 001 | II E

| ! R |

0.001 [ AL N e

: 4 W MJMW‘JWN‘J
f NG Tusad" Band Avg 0.0001 £ AN A E
03 GT SC "Best” Det 8 |
U.Z;— leosf M _i
o1 [

S [P = Py ISR L S Y PP I AP ISP APUPPEP RPN I
a0 480 490 500 %0 an 500 600 700 300 900 1000 100

Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M4 NPP VIIRS RSRs: Band M4
NG RSR Product Oct 2011 NG RSR Product Oct 2011

F T S B B B 15' T I'Yi'l""I""I""I""I""g

\ Lo |
mg_ ' org ] 'I — GT “Fused” Det 8 1
o E i I ]
0TE | e 001 | ﬂ E
| 1, F M) g

r%u_si_ E 5 0001 ' l */\‘""‘-’\\ E

g E { . 3
04 E i 1 ’V"’ \a\,ﬂ‘u‘

: i | VIS
03f —— GT'SC "Bext” RSR E F 1 \
02f J ' 1:4:5;’ |V \ 'i
01f E oo I

il MR P e e TS BN T R T
S S0 0 6 0 T I I
Wavelength (mm) Wavelength (nm)
NPP VIIRS RSRs: Band M5 NPP VIIRS RSRs: Band M5
NG RSR Product Oct 2011 NG RSR Product Oct 2011

F T S B B A B 15' '|""|""|"'I.r11| UL I B
"-"‘E— E o1 ' :| ~ GT Fused” Det & E
o8 E i [ ]
o7k - ool | '1l 3

%0.62— _ . F 1
F 1 2 ooop V\,\r/-\ -
QME_ 1 4 }f‘wi \ E
04F E ! f;ﬁ ]

AN WU
03f —— GT'SC "Bext” Det 8 e 3 J e E
02p 3 1:4:5:’ \A -:
0l —E ; | (WA ;

ama. —i P —1—-.._- -| Ll Ll Ll IR Ll L Ll .|I|I'| .-
0 ’-6_;0 I (.'!N:l : @T)-u le0em 4&: ; : 'NIJU ulau !NIJD 11;00 1100
Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M6 NPP VIIES RSRs: Band M6
NG RSR Product Ot 2011 . NG RSR Product Ot 2011

§ T L L L B AL k| S B L BB B U AL B LA
= . = E | &

« o | |
09 E ok GT "Fused” Dot 8 I -
osf ' 3 I
o1k 3 00 i 1 =

g 06F E iu‘
Fost - . I P A

: | ] = . ¥ :
04 | E T ]

F [|— NG “Fuscd” Band Avg| | E Q.0001 = FNM\TMW E
03 f GT §C "Best” Det 8 E |
U.z:— 4 _ 1e.us:r N -..l _i
01 E F v E
0 730 : : 3 te-Mon an 'nlm = 0 F T —T

i 750
Wavelength (nm)

15

Wavelength (nm)



NPP VIIRS RSRs: Band M7 NPP VIIRS RSRs: Band M7

NG RSR Produgt Oct 2011 NG RSR Produgt Oct 2011
E L L R I I R I 1!""|""|""|""|""|"{'\;| T 3
. ]
09k E o1k GT "Fused” Det 8 | B
n.n;— _ III |
0.1;— — 0.01 !
s"-ﬁf— — r
E E 3 Eomx.
14}
_ 0.0001
' le05
Y0 s w0 w0 E0 ucjan “q-m le0em 700
Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M8 NPP VIIRS RSRs: Band M8

NG RSR Product Oct 2011 NG RSR Product Oct 2011

T I ey —

3 NP3 ] r | NG "filtered” Band Avg b
08 E o1l I ~ GTBest” Dot 8 .

08

E \ E i 1
0rE i E 001 | E

04f . i | i
F — NG “filtered” Band Avg 3 0.0001 |- 1 1 , E
oaf : 2 N Wi .1] :
£ ] i Vo L/»JV YA / ]
o2 ' E le0s Lo \\ I I E
01f \ E F Y ! WA 1 f
| ..-—r‘./T. PPN R B SR et P - Voo kel
far0 1220 1230 1240 1250 1260 1270 %00 1500 2000 2500 3000
Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M9 NPP VIIRS RSRs: Band M9
NG RSR Product Oct 2011 , NG RSR Product Oct 2011
L L ) B L A AL B B BN Fr T Ty T T3
= A P T - E E
F Ay ~ \ 1 r l NG “filtered” Band Avg ]
3 [ \ E o1f — GT"Best’ Det 8 .
/ - :
0TE ] e 001 E
%06— —
F 1 Z ooop E
04f | | E I | 1
5 = S § 1 1 ;
03 [ | GT "Bext" Det 8 E E l I
02 : ' 1:4:5:’ P | || 'i
o1f E 3 | 'i A i \ [ |
=t | | . ] [ f l'N\"I ||.: \l ..l I l]
0 1360 70 1380 1390 100 1500 2000 2500 3000
Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M10 NPP VIIRS RSRs: Band M10
NG RSR Produet Oct 2011 , NG RSR Produet Oct 2011
AL RARN AR T MIRAARY RN IS LR LR LR L B 4 L L R I L AL L
= = E bl E
09fF E ok 1 GT "Best” Det 8 -
n.n;— E i II i ]
0rb { ] = 001 ( ", E

04l \ E r f ]
F — NG “filtered” Band Avg| 1 0.0001 { A\ A 3
03f GT "Best” Det 8 \ E / \/ WV \
E \ 3 F / i 1
02f \ E ledsf R 1 E
01f E E 3
E FPITTTT FRTPL IYTL IT Ll .‘.l....|....|..:‘.'r.‘.—|14._..‘.= T S NS SR N R

L il L
580 1590 1600 1610 1620 1630 1640 1650 1660 1670 Ic-cﬁﬂl 1500

FS‘EI 1350 1560 1570 1 20K
Wavelength (nm) Wavelength (nm)

2500 3000

16



2

Response

NPP VIIRS RSRs: Band M11
NG RSR Produgt Oct 2011

NPP VIIRS RSRs: Band M11
NG RSR Produgt Oct 2011

P T T T T T L e e e B e L B o e e e e e B
- — = E ' 3
i A ] F NG “fillered” Band Avg i ]
09 = 3 — |
i : o1g e I E
0kE 4 E | E
F 1 F ' 1 ]
0.1':— —: O.OIE— [ _i
06F . [
E 3 |
osf i A
F 3 = F { ' !
04 E [ i ]
F N red” Band Avyg E 0.0001 = | -
03f GT "Best’ Det§ E !
U.ZE— _E le05 | r,' |
of E E f 4 3
E E F | \ 1
- TP FPERI PRRTIPEETRETETE FEETE FERTE M. Vo Lo NI I SR S B SEEET R TT
P00 2210 220 20 20 230 260 20 1W/O 190 B0 B0 o0 1500 206K 2500 3000
Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M12 NPP VIIRS RSRs: Band M12
NG RSR Product Oct 2011 NG RSR Product Oct 2011
A A 15....,....,....,._,._\..,....,....E
£ T r E i E
*E - N\ E o1k L T Best Dus I N
E 4 E 1 el
E E E ! 1 3
3 \ E i i ]
1 E I i
4 E 001 I' ! E
E 1 B F ! | 1
oeE \ E i / k ]
E | E ) { \ I
04F E I / \ ]
— NG "filiered” BandAvg \ 0.0001 - E
03F — r‘r*nm-ms kY = E / 3
L E : | E
[ E F f | ]
E I Nt gl 0 1o b b 1 ]
00 3700 3800 ET %00 2500 3000 3500 A000 4500 5000
Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M13 NPP VIIRS RSRs: Band M13
NG RSR Product Oct 2011 NG RSR Product Oct 2011
L SO S B L e o S B
\_--,—:"\ _NG "filtered” Band Avg / i
n_l;:— ] E 01F G 'Hest" Dt ® | I'l B
08 ‘\ 3 i [ ;
0rE 4 e o0 f E
06 { ! E F ! 3
F / | E r ]
0sf { \ B £ ooolp E
F / | ] E \ F
04F / \ E i 1
E | [ NG "filered” Band Avg ‘l‘ 3 0.0001 ] E
03F r.-' —— GT "Best” Det & E E f’ E
02E / E 1e-05 { E
orf- / - F | | 3
TR T B SRR R E| '.‘..l....|....-|....|...,|-....'
0 30 4 4100 T 3000 3500 A000 4500 5000
Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M14 NPP VIIRS RSRs: Band M14
NG RSR Produet Oct 2011 NG RSR Produst Oct 2011
LA T T T T T T T T T T T T T T T T
e o~ . = 1 E
F TN / 1 . NG “filtered” Band Avg 1
09F N -3 fol G "Best” Det 8 .
E ] E
08F \ 3 | ]
0T e ] 1 .
E b b
06 e I ]
E ] { i
osE E L
E ] 1
o4f E |
03f E b |
E ] | il | |
0zf = | |,| l bl i
g E (] POV LI o
01f E | | |I | I I
E ] A | f
/A IR R S S S S R S S e S Lo '....|I.‘||||.....|....r....|.....|...|.|...|.|...‘
500 B0 300 B #7000 S300 KN %o 6000 7000 SO 9000 10000 11000 12000 13000 14000

Wavelength (nm)

17

Wavelength (nm)



50

NPP VIIRS RSRs: Band M15 NPP VIIRS RSRs: Band M15
NG RSR Produet Oct 2011 NG RSR Product Oct 2011
[-— I '_'_’_ ! ' T ' I E 'I""I""I""I""I;(‘""T‘\‘"‘I""J' '!
- | - |
\ E GI "Best” Det 8 | A -
-, . E /J' '\l 3
E "\ ]
3 \ 3
E / \\ 3
NG “filtered” _ | (l\/\/\ / \" _
GT "Best” Det & E RN || -|| | A
3 il fl I [
E [ I BRIE
P B T .|..'I||....|’..- | .:.|||....|....|‘..‘|.‘|.|.-1....u'
10500 11000 11500 GO0 TONO ROOD G000 0000 100D 12000 13000 14000
Wavelength (nm) Wavelength (nm)
NPP VIIRS RSRs: Band M16A NPP VIIRS RSRs: Band M16A
NG RSR Produet Oct 2011 NG RSR Product Oct 2011
l'—. LI B B 1;' UL I I I L AR & S I
5 L [
09F E ol GT "Best” Det 8 | .
F 1 E { \ E
ORE k E F J' ". ]
E ? 1 F i 1 1
(%] : 4 I \ E
E E H \ E
06 3 1
0af E ./
E — NG "filicred” Band Av \ 1 | ) -
il i
U.'z;— \ — ‘ 4« | | L
01 E
E N L (0l I8
E PR I | PR T Le-og Ll UL | AR AN T TR T |
1floon 11500 12000 12500 %0 000 7000 BOOD 9000 10000 11000 12000 13000 14000
Wavelength (nm) Wavelength (nm)
NPP VIIRS R5Rs: Band M16B NPP VIIRS RSRs: Band M16B
NG RSR Produet Oct 2011 NG RSR Product Oct 2011
E T r r T T T E 1;' N R L R R SR
| | . [\
03 3 / E ol GT "Hest” Det 8 / i 3
"-“;‘ / '; E / .]l E
E / F I ! ]
07 ! = 1 E
o4f E | ]
F — NG “filtered” Band Avyg 1 AT E
03 GT "Best” Det 8 E | |’| |'| " \ |
02f E sl |1 | ) I| ! ]
E ] B ‘ 1N | | |'§
o1E E L il | |1
Eo—em | IR R | [ Lo |...|.|....'|i... TR PETE | T FEE T AT A Y
1floon 11500 12000 12500 GO0 TONO ROOD G000 0000 100D 12000 13000 14000
Wavelength (nm) Wavelength (nm)

18



	Executive Summary
	The NPP VIIRS RSR have been measured multiple times and independently analyzed by both the Northrop Grumman and Government teams.  This document provides insight on the details of the RSR measurements and resulting RSR products.  Northrop Grumman’s Oc...
	1. Introduction
	2. RSR Measurement Background
	3. RSR Products Overview
	4. Observations
	5. Recommendations
	6. RSR Data Availability
	7. Government Team Point of Contact List
	APPENDIX A

