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Introduction

‘The Visible/Infrared Imager Radiometer Suite (VIIRS), built by Raytheon Santa Barbara Remote Sensing
(SBRS) will be one of the primary earth-observing remote-sensing instruments on the National Polar-Orbiting
Operational Environmental Satellte System (NPOESS). Itwil also be installed on the NPOESS Preparatory
Profct (NPP). These sl sysemsfy I st clulr ur-syrlvorat o arh ofs o ks o

VIIRS has measure

412 1m and 2250 rm. and an a7 bands easuring primacty emissive racance e 3Toomm
and 11450
The calibraion source for the reective bands s a sola ifuser (SD) that s iluminated once per orbi as the
satellte passes from the dark side to the light side of the earth near the poles. Sunlight enters VIIRS
thrugh a apening i th fonLofhe ntrument. An alenuaton screen covers he opring, but ther then

ciden mput
Teflectances andradances. Emissive bands e caliraied using an o rhoard acocy o) ht s also
be B g heater elements and
thermistorsn the 88. The calbraton i, wsing Knowiadge 1 B mperahte and sy,

itwith counts to adjustments. Because of emissive
Sackaround vaaions v by e Rl angle Scanin miter. adonal coecuons must b6 e o s
scan-angle dependent modulation. Knowledge of spacecrait ephemeris, alignment erfors and instrument
Scan rate are used to accurately geolocate the sensor data. The combined calibrated radiances with
geolocation are referred to as Sensor Data Records (SDR) in the NPOESS/NPP program.

Using environmental and radiative transfer models (RTM) ithin the Integrated Weather Products Test
Bed (IWPTE)' simulated earth view radiances are generated, and these are input into model of the VIIRS
sensor in the IWPTB, which produces simulated raw counts. The faw counts are processed through the
caltraion algritn and the resufant adinces,rflectances and bghtness tmpersures compared

known truth radiances from the RTM to determine the residual calibration error. By varying
Parametors 1 e Sensor medsh ihe sansiiviy of senser erormance an be deermined

“Note: IWPTB is referred (o as Environmental Products Veriication and Remote Sensing Testbed
(EVEREST) when not used in conjunction with NPOESSINPP. EVEREST is a proprietary software tool of
Northrop Grumman Corp.

VIIRS Sensor Description

VIIRS is a visiblefinfrared instrument designed to satisfy the needs of 3 U. S. Government
communities—NOAA, NASA and DOD, as well as the general research community. As such, VIIRS has
key attributes of high spatial resulumm with controlled gmwlh off nadir, and a large number of spectral
bands to satis jenerating and scler\(mc pmnuus VIIRS has
22 speclva\ bands, 15 of which are c\assmed a5 reflecive bancs, tht s, bands where the predominant
‘source of radiances is reflected solar light, and which are all wavelengths less than o 5 microns. Nominal
values of band center wavelength, band width, and nadir resolution are described for each band in the table
below. Note that 5 of the bands are high resolution bands referred to as the imagery bands.
Day/Night Band (DNB) has a dynamic range that is sensitive enough to allow nightiime moon lit scenes to

Vis/IR Radiometric Imaging Sensor Model (VIRRISM)

VIRRISM prodices a siream of digital data, which can be used to simulate the actual output that
wouk b produced by aea remote s Thidaa can e used 10 et h caltatonagorin
used with the sensor and ms of calibrat
bias, pointing error, band-to-band vemstraﬂon image vew\mmn, Sﬂecm‘i\ error env\mnmema
retrieval algorithms. Therefore, the model is dynamic and time stepped, and includes drits in sensor
parameters that are temporally, specirally and spatially correlated. t i able o assess the effect of
corrlated errors inthe sensor, which an expected-value model would be unable to do. The impact
on radiometric peﬂovmance «can be assesses, and since radiometric performance affects the
performance of | , the accuracy of

IRRISM has. EREST
modeling for environmental data retrieval algorithms used with the VIIRS sensor.

VIRRISM simulates most aspects of radiometic imaging sensors within 7 sub-modules. These
are modules for noise, bias, spectral response, scanning/pointing, spatial response, e\ectmnlcs and
digital processing. Figure 2 s a schematic showing the flow of data through VIRRISM ar
inereonnecion wit oher models i the EVEREST sute. The cyan and yelow baxes show

elements that are par of VIRRISM.

performance

Figure 2 - Flow diagram of VIRRISM and its interconnections

Note the sensor database at the top. Data can be fed into this database by various models that
are exteral to EVEREST. It should be understood here that VIRRISM is not a detailed sensor
model, but rather, requires the output of more detailed modeled in order to function. For example,

not include an optical ray-tracing capability, but instead depends on commercial off-
the-shelf (COTS) models such as codeV®, OSLO® or ZEMAX® or NGST's in-house optics model,
PRG, any of which can provide the detailed data to VIRRISM that it uses to describe transmittance,
alignment efrors or point spread functions (PSF)
‘Though the flowchart shows simulated data from external models feeding into the sensor database,
this data could alternately be supplied through tests and system measurements. In this way
also be used to predict performance based on test data at the later stages in a
satelite project when this becomes available.
In addition to data describing the sensor, VIRRISM requires the simulated radiance values.
is data is produced by 3 other components of the EVEREST Suite:
model, the orbital g and the radiative transfer model,
e corions of e amosphere and he
This includes the [ pressures, humidity, cloud properties
o he Ear, sutoce temperature and s oo, The amosphere s grdded by longiude and
latitude, and by elevation into layers. This data, taken as a whole, is referred to
database. The atmospheric data can be input from a mensured westher

s, or  westher oredicion model Such a5 MM can generate . The dvantage ofUsing a
weall

is that it produces higher spatial resolution.
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(nm) (nm) Type (om)
v | a2 20 vis D o) iR
vz | aw 1 vis s | e 5 iR e deta cour
M3 | a8 20 vis [ 50 0 iR
wis | 107 100 iR
M4 555 20 vis entering the sensor aperture. Thi
w5 | ez 2 vis v | mon = T the Earth
M6 746 15 NIR DNB. 700 400 vis
W7 | s 39 NR T o - oS
Ve | 1240 2 SWiR = - - o
Mo | 1a7e 15 SWIR G 1610 % SwiR
W10 | 1610 60 SWIR 0 30 ) iR
w1t | 2250 50 SWIR g 10 1900 Wi

and test of the VIIRS Sensor Data Record (SDR) algorithm for NPOESS ~er7#Ror cRurMMAN

Raytheon

Error & Drift Modeling

For modeling temporally varying errors, there is a common shared generic model that is used by all
the modules to produce time-stepped realization with temporally correlated error. It includes static errors
as well as temporal oscilltions ai specific frequency and phase and also random-walk errors, The
generic error model s used to model poining jite, pointing drit, calibration source diifts, band center
and bandwidih diifts, FPA temperalure drifs, L1 noise and gain drif. In each case, the model includes,
I it o e actal o, a krautedge e ofhe Sytem, i can ncude ency fects. The
model is able to determine how well the system is able to compensate a particular error. There
s o errs tha v prodsced nhedi mods ). sta o, 2. osclatingorsiusoial o 2
random-walk error represenied by a

Forcachot e ihres i eto - beken down ntodesignerorand knowecie eror.Design e,
as defined for VIRRISM, is the difference between the nominal designed value and the actual value for a
particular parameter. For example, the designed nominal axis of rotation for a crosstrack scan
(whiskbroom) is typically along the veloeity vector o the satellte, but of course, there will be some
alignment errors in manufacturing and mouniing which would be part of the design error for roll,
and yaw. Tests are done both before and after launch to characterize as well as possible the deviation of
the system from its designed values. These measurements, of course are not perfect, and they also may
not measure some errors at ll. T difference between the design errors and the measured errors s the
knowiedge error.

Stalic erro i defined with just wo parameters--the RMS design error and the RMS knowledge errr.
I the mode these ae determine by ciawing o andom vlue o 8 Gausan souton wih &
standard deviation equal to Ihe RMS design error and the RMS. knuw\edge error. These values are truly
St an do ot change with time for & Gwen realiaton of the model. Of coutse, malipe reaisatons
o b A vl Sl For i sl iors thas oy fodevetore, s Getemtor v
diferent independen realization.

Oscilating or sinusoidal errors do not include any random component. A specific oscillating frequency
is defined with a specific phase. Since phase is included, different oscillating errors can be temporally
correlated. For poining, oscilations would correspond to specific modes that would be determined using
Structural analysis. Of course, the phase of yaw, pitch and rolerrors may be correlated. Knowledge
ertors are specified in terms of oscilltion ampittude and phase. Knowledge latency, therefore, is
modeled by applying a phase delay in to the knowledge. Other oscillating errors could include errors that
are correlated to the orbital period. Figure 3 shows the modeled drift of detector dark current (L/f noise)
and gain for band M16 for 5 deteciors
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Figure 3 - Dark current and gain drifts modeled for band M16

Testing of VIIRS SDR

RTM from the WPTB runs too slow to produce a whole orbit worth of simulated data. Therefore, to test the SDR
calibration aigorithm for a large amount of data, MODIS data was resampled to match an NP orbit. This resampled
MODIS data was used as input (o the sensor model. Figure 4 shows the simulated orbit and projected earth scene.
The test data was based on a single ‘Golden Day", January 25, 2003 It modeled realistic spacecraft ephemeris and
atiitude data generated for the NPP orbital plane, Produced approximately 1.2 orbits (2 hours) from the Golden Day,
vithperect spacecat atude ool assumed (ol pich, o Setto zero) . It combined the sensor’s scanning

sor pixels and associated

Suiany data. The TOA raciances were emuiaied or ViRS s using proxy SDR from MODIS on the Aqua platform and
for the Golden Day. The sensor model then generated Earth-view, calibration, and engineering RDR data for the
‘sensor using VIRRISM consistent with the sensor's SDR software. Test data restricted o a limited number of sensor
effects.

Figure 4 - Modeled orbit & Resampled MODIS data used 1o test VIIRS SDR algorithm

‘The sensor model includes variations in
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‘The calibration algorithm determines the >
electronic temperature based on a linear
‘combination of the thermistors and thus
produces some knowledge error. This
temperature is called instrument temperature
on MODIS.

The modeled knowledge error was applied
to the look-up tables and parameters used by
the calibration algorithm. Since the SDR calib-

ation algorithm is essentially the inverse of the sensor model, the residual radiometric errors mostly result from this.

knowledge error. The sensor model was used to produced raw sensor data containing counts for earth view, space
view, OBC blackbody view, solar diffuser view, thermistors, DC restore voltage, scan encoder, along with simulated

‘ephemeris data from the satelite. Allthis s the input to the SDR algorithm, and the algorithm was run, outputting

radiances. These were compared with the original input files of truth raiances.

In appearance the output radiance appeared to exactly duplicate the input ruth radiance. However, by taking the
difference between the truth and the SDR output the error in the algorithm s determined. Figure 6 shows error for an

Figure 5 — Modeled thermistors used for electronics.
temperature estimation

M1 to M16: Moderate Resolution bands 750 by 750 m at nadir
1110 15: Imagery Resolution bands 375 by 735 m at nadir
DNB: Day Night Band, Resolution 750 by 750 m

The On-Board Calibrator (OBC) source for the reflective bands is the Solar Diffuser (SD). VIIRS views
the earth using a 3-mirror in the direction
of the satellte velocity vector. Thus, it paints a cross-track scan of the earth below itself, and centered at
the nadi point. A half-angle mirror counter-rotates to relay the image t the aft-optics where the focal plane
arrays (FPA) reside. Figure 1 shows the VIIRS instrument cutaway view through the front bulkhead. The.
center image in Figure 1 is viewed looking up from the earth with the instrument moving toward the viewer.

‘The telescope rotates counterclockwise (as seen in this figure), it sweeps left o right as it faces
o, i ek & space view et sen's horzan wih s s o deteming he etk couns

to be used in calibration. i then sweeps across the earth over a 112° swath (approx. 3000 km), th
across the OBC biackbocl used fo calbrate (e emissive bands, and fmally Up and across th Solar ifuser
atiached to the top bulkhead of the instrument. The solar diffuser is iluminated by sunlight when it shines
into the solar diffuser port on the front bulkhead of VIIRS. The SD port cannot be seen in the main view in
Figure 1 because the front bulkhead is cutaway, but it can be seen in the view in the upper left. The solar
diffuser portis covered by the solar diffuser screen, which transmits about 129 of the incident light. Itis
made up of i of small ol ciled bout 2mm apart._ Light entes he SO portand luminates the S0
for oy a few minues curng each o, shor termin:

OESS orbit, itis n ecause the sun is t0o far off (o the side, and so

ihis ot must rey on oher meihods of caliraing the Tenecive bands

Solar Diffuser Screen and Port

‘Separately Mounted Electronics Module

Solar Diffuser

Blackbody

Solar Diffuser
Stability Monitor 3Mirror anastigmat
All Reflective

Rotating Telescope.

iror Anastgmat
Reflective

At Opics Imager
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Halt-angle Mirror Cold FPA
Dewar Assembly

Figure 1- Cutaway view of VIIRS showing scan cavity, with solar diffuser
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SDR Calibration Algorithm
Ramnmemc calibration (SDR) algorithms convert raw digital numbers (DN) from Earth View (EV) observations into various Sensor Data Record (SDR) radiance products. As part of these algorithms, DNs from the

ard Calibrator Blackbody (OBCBR), Space View (SV), and Solar Diffuser (SD) view are adjusted for background signal levels and used

10 update reflective band and emissive band calibration coefficients.

VIIRS SDR sigorinms apply clbraton coeficients determined curing pre-aunch esting and updated operationaly tough calbration and vaiiaion (calVal) analyss to ransfer the ground calbration to o i

data. Provisions are include

Basic Calibration Equations
Planck black bod

y radiance

Relative Spectral Respon:
o
QE(4)-2-pul2) 210 2% [ expf )
RSR(2 L,y (T.2)= 26010 2% | ex 1
O e L o) KTZ
Definition of band averaging A7) = end-to-end transmittance
- 4= wavelength (microns)
(2)-F(2)ar T = temperature (K)
BRI querum efclency,

Basic 2" Order Calibration Equations for Earth View Radiance
A
F-Yc -dn,' - ALy, (6,,)
5
RVS(4,,)
Where

B
o e
s with temperature dependence

in,, = earth view differential counts which sublracts space view

dn,, = DN,, —DNy,

ALE"(6,)= effssive background variation with scan (EVS)
for non-emissive bands

Emission vs. Scan (EVS) Term
ALy, (0) £-pu) L) LT} )}-(R\/S ©)-RVs @,,))
Pra
T,y = temperature of rotating telescope assembly (K)
Tham = temperature of half-angle mirror (K)
o = transmittance of rotating telescope assembly
0= scan angle relative to nadir, may be earth view or OBC view
6, = space view scan angle relative to nadir

of calibration
6= 86,1 To)
60T o)+ 225 T Vo 1 50T )
6T (0T 28, (T Vi )+ 2T ) T ]
mc(w )

uses parametric function

o Tae Veee
T T Vesr

photoelectron
P pe e o AT
6 =Elecrooptc gan n Wirisr micone)  Di{Tae) = Inverse gan of ADC (Vicoun)
a,(T,,) = effective capacitance of detector (/V) IE(TWJ Analog nonlinearity (V/count?)
a(Ty) i ineari e

to account for instrument temperature, changes in incoming solar flux, and to correct for instrument degradation.

Temperature dependence of calibration (cont)

AT Towe)

delta adjustment to calibration W/(m?sr A = detector field stop area (m)
DEEL) A= detector inegration time (5)
.= sold angle o aperture s0p (1)

T,y = electronics temperature (K)
7= detector temperature (K)

Computing Calibration Factor

S e i s S Conversely with knowledge of a known cal
c

counts, background d response. shi Rarduan
versus scan, unknown
determined

e e et L
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Solar Diffuser & Reflective Band Equations
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D screen vertical angle, g, =2
D scron orzonal g, % —fan,

arctan2(y,, . X,, )

Sy = SOlar vector WRT instrument
5,4= Solar vector WRT SD normal

SD angle of ncidence with respect o normal Ty, = Transformation matrix from instrument
e = SD azimuthal angle incidence 0 SD coordinates
Radiance on Solar Diffuser (SD) Reflectance Coefficients
= & &Yz
L.P(«%‘N%F[T] o ($,.6,)-EL,, - BRDF($,.4,) d *[T =F°

Calibraton Factor
. [E) RVS(0,)c05(0,.)- Exel0) ol 61.7) BROFG . 7)
d,, 8

——
xom

il

Calibrated Earth Reflectance Sun to earth distance
)‘: Gl annually average d,,
— . = annually averaged solar imadiance

= Band-averaged BRDF of SD

Poltn)= RVS(9’3» 050an o

Oy = s0lar zenith angle on earth (from geolocation)

(16 scans) for band M15. Significant striping can be seen. The error is sorted into bins and
plotted in Figure 7, showing the mean error the standard deviation and RMS error. This is compared with the design
‘specification. The error for a reflective band M3 is also shown in Figure 7. The dominant eror for M3 s the mean
error, which s proportional to radiance level. This is largely due to knowledge of the BRDF of the SD of about 196,

Figure 6 - Calibration error for one granule for Band M15.
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Figure 7 - Binned calibration error vs. radiance for one granule for Band M3 & M15. Solid
red, Standard Dev.; green, mean; blue, RMS; dashed red, sensor specification.
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SDR Calibration Algorithm (cont.)
Emissive Band Equations
Emissive Calibration Correction Factor
L, (0. ) = direct emission + reflected emission

“Lan (Tase ) + Lo o (T Tear Tee

RS0 o ColT) + o T T ) Al ()
:
‘
e dn,.
:
Reflected Emissive Radiance off On-Board Calibration Black Body

0-22) o Tl # P Tl s )]

Lwnc, L Tcuv J Tve\e

= Emission of On-Board Calibrator (OBC) black bodly
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“Temperaures of shield, cavity and tlescope
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