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MODIS Response versus Scan
Angle (RVS) Status Report

Part I: Reflectance Solar Bands

MODIS Calibration Support Team, 
                   June, 2000.
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Introduction

What is RVS:
For identical scene radiance at different scan angles, detector 
response will be different for scanning sensors like MODIS because
of the change in the angle of incidence. 
Factors affecting RVS:
1. Scan mirror reflectance 
2. Polarization response of the fixed optics
3. Scene polarization state
No scene polarization is assumed throughout this talk.
Assuming this, we have   
The radiance/reflectance is retrieved from

RVS ∝ s + p( ) 2 + c fix ⋅ s − p( ) 2

Lscene =
Lreference

dnreference

⋅ dnscene ⋅
RVSreference

RVSscene

 

 
 

 

 
 

Gain RVS correction
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Measuring Terra MODIS
RVS (RSB)

SIS(100)
Three radiance levels were used
1) High radiance level for bands 1, 3, 4, 8 and 9. (14 SAs)
2) Low radiance level for bands 13-16. (13 SAs)
3) Medium radiance level for bands 2, 5-7, 10-12, 17-19, and 26.(12 SAs)
At three scan angles of 54.5, -23.0, and -54.5 degree, the measurement were 
repeated. (These corresponds to AOI of 65.25, 26.5 and 10.75 deg.)

Ten scans with 100 frames/scan were collected at each measurement. 
Sweet spot of 50 frames were chosen for data analysis.

RVS ∝ dn When constant source is used at different SA
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Data Analysis Methodology

• F-test was used to filter out non-usable detectors if
any.

• Average over detector and sub-frame were carried
out for each band and mirror side.

• Quadratic fitting to the averaged dn for each band
and mirror side was done.

• Normalization at the SD AOI is carried out to
obtain the final LUT for RVS.
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The following charts show the quadratic fitting results of RVS, normalized at
AOI corresponding to solar diffuser (SD) center frame AOI.
(in order of ascending center wavelength)
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Error Analysis
Methodology

• Once the optimum quadratic coefficients are
obtained, the allowed range of these coefficients
(which is a three dimensional ellipsoid) is
estimated by enforcing the deviation of the
quadratic function and the data is less than the
effective 1-sigma standard deviation.

• At each AOI, the maximum and minimum value
for RVS with the coefficient within the above
specified range were obtained and their difference
used as error bar for RVS.
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The following charts show the 2-dimensional projections of the 3-d ellipsoid
of the allowed parameter ranged which give less than effective 1-sigma deviation
from the measured data. (in order of ascending center wavelength)
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The following charts show the maximum and minimum results for RVS 
versus AOI calculated with the parameter range given by the ellipsoid.
(in order of ascending center wavelength)
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At a fixed AOI, dn versus detector (SBRS order)
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At fixed AOI, m1*dn versus detector number (SBRS order)
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RSB RVS Summary

• Further on-orbit calibration will be carried
out in light of the observed striping and the
unphysical results of bands 8 and 9.

• Some of the pre-launch RVS data using SIS
(100) as calibration source will be revisited,
especially bands 8 and 9.

• Scene polarization effect will be discussed
later.
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MODIS Calibration Support Team,
June, 2000

MODIS TEB Response Versus Scan
Angle (RVS)  Status Report
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TEB RVS Status Report

• Brief summary of Miami workshop, Feb. 1999

• What is new post-Miami
– Physics test

– Anomalous detector variation

– Final pre-launch LUT for RVS

– Nadir door scan results

– Space view maneuver attempt
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Summary of Miami Workshop

RVS2-3

• RVS are believed to depend on Band and Mirror side only and no detector
variance is expected on physical ground.

• NPL reflectance data for both polarization directions are available for both
PFM and FM1.

• Only FM1 has usable high bay RVS system level measurements while PFM
does not.

• Using theoretical result relating RVS to scan mirror reflectances and the
fixed optics polarization parameter, an “identical twin strategy” was
employed to combine PFM NPL data with FM1 fixed optics parameter to
obtain PFM RVS.

• Scenes are assumed unpolarized throughout.

• Three sets of FM1 high bay RVS data were analyzed and all three sets were
argued to have equal validity in determining RVS.

• Significant difference between averaged reflectance and system level RVS
were observed for LWIR bands (29-31, in particular.)
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FM1 C-polarization factors

Band Number 

Fixed optics parameter obtained by
fitting RVS to s + p

2
+ c fix ⋅ s − p

2
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Error due to neglect of polarization by
setting Cfix=0

RVS2-5

Miami charts on these used modeled Cfix instead of measured Cfix!
Here what is presented is the results using the measured ones.

dRVS/RVS = Cfix * ( s- p)/( s+ p) for PFM at AOI=65.5 deg
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Decisions made in Miami workshop

RVS2-6

NPL results may not provide good enough presentation for RVS due
to the fixed optics polarization sensitivity and the scan mirror serving 
as a polarizer.

An “identical twin” strategy is used to combine the FM1 fixed optics 
parameter with the PFM NPL scan mirror reflectance measurement to
obtain the RVS.

On-orbit RVS validation/measurement will be carried out.
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What’s New Since Miami

RVS2-7

• Insisting on getting the same dn when viewing the
equivalent source led to revisiting the high bay RVS
data.

• Atmospheric correction considered but situation was
not improved. Arguments were presented to point to
the inaccuracy of our estimate of atmospheric
correction

• Anomalous detector variation were observed.
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Why test?

RVS2-8

RVSbcs

RVSobc

=
dnbcs

dnobc

⋅
t lobc( )Lobc − t lsvs( )Lsvs

t lbcs( )Lbcs − t lsvs( )Lsvs

Reminder: 
Three blackbodies (BB) were used, one at earth view (EV) port denoted 
By bcs, one at space view port (SV) denoted by svs, and the on-board
BB denoted by obc.
t(l) are transmittance of light passing through a distance of l.
In thermal vacuum, t=1, we get back to our familiar equation 

Using MODTRAN, t(l) calculated as in the following table:
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Table for transmittance used

RVS2-9

Band     t(lobc=0.754m) t(lbcs=1.77m)    t(lsvs=1.94m)

20 1.000    1.000           1.000
21 1.000    1.000           1.000
22 1.000    1.000           1.000
23 1.000    1.000           1.000
24 0.997    0.994            0.993
25 0.999      0.999            0.999
27 0.805    0.691            0.677
28 0.949    0.907            0.902
29 1.000    0.999            0.999
30 1.000    1.000            1.000
31 1.000    1.000            1.000
32 1.000    1.000            1.000
33 0.998    0.996            0.996
34 0.998    0.995            0.994
35 0.995    0.989            0.988
36 0.987    0.971            0.968
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RVS at AOI=26.5 degree should equal
to RVS at -26.5 degree--physics test
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With atmospheric correction, things
didn’t improve
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Anomalous detector variation in FM1
without atmospheric correction

RVS2-12

FM1 RVS @ AOI 26.5º without ATM abs. correction
UAID 2142; T_BCS=309.42K  T_OBC=309.87K 

Band
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Anomalous detector variation in FM1
with atmospheric correction

RVS2-13

FM1 RVS @ AOI 26.5º with ATM abs. correction at RH 45% and 293.35K
UAID 2142; T_BCS=309.42K ( ) , T_OBC=309.87K ( )

Band
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Decision made: for Band 27-30, use
NPL data for both PFM and FM1
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PFM pre-launch status summary

RVS2-15

• For bands 27-30, NPL reflectance results on PFM scan
mirror witness samples are used for RVS.

• For the rest of the thermal bands, RVS are obtained
combining NPL results for PFM and the fixed optics
parameters from FM1 high bay measurements. NO mirror
side difference present.

• Some anomalous results showing up in FM1 high bay
measurements are unresolved.

• On-orbit RVS calibration strongly recommended.
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PFM RVS (TEB) On-Orbit Study

• Data Select and Temperature Retrieval

• RVS Equations

• RVS Mirror-side and Detector Differences

• Test the New Relative RVS

• Existing Problems

RVS2-16
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RVS2-17

Data Select and Temperature Retrieval

• L1A granule before the Nadir door opened
– L1A: A2000049.1610

– Itwk/Vdet = 79/190 (at-launch configuration)

– CFPA temperature: TSMIR = 83.5K; TLWIR = 83.0K

– OBC BB temperature: 290K

•  Brightness temperature of the EV Nadir door
– Tdoor variation among TEB

– Tdoor difference between mirror sides
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RVS Equations

The EV TEB radiance retrieval is band(B), detector(D), and mirror(M) dependent: 

LEV ( ) =
1

RVSEV ( )
⋅ a0 + b1 ⋅ dnEV ( ) + a2 ⋅ dnEV

2 ( )[ ] − RVSSV − RVSEV ( )[ ]⋅ LSM{ }

For every scan mirror rotation, let Lside1(θ) = Lside2(θ).  The mirror side 1

RVS relative to side 2 can be retrieved for each detector:

RVSEV ( ) side1 =
a0 + b1 ⋅ dnEV ( ) + a2 ⋅ dnEV

2 ( ) − RVSSV ⋅ LSM

LEV ( ) side2 − LSM

RVS2-21
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Existing Problems

• Only relative mirror side RVS

• Limited information on the spectral emissivity

• Unknown mirror side behavior near BOS

• Deep Space Maneuver Needed

RVS2-25
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Deep Space Maneuver, methodology

RVS2-26

This is the final normalized RVS retrieval equation for the
entire EV sector, where the variables in the equation is
summarized below:

•Lbb − the radiance from the OBC BB

•P(Tsm) − the Planck function at scan mirror

temperature
•dnev  − the Earth view sector digital number when

viewing cold space, and dnev@bb is the dnev when
scan angle equals to the OBC BB viewing angle.
•dnbb  −  the digital number when MODIS viewing

the OBC BB.

RVS ev( ) = 1−
Lbb

P Tsm( )
 

  
 

  ⋅
dnev − dnev @bb

dnbb − dnev @ bb

 

  
 

  
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Error due to NEdN

RVS2-27

RVS

RVS
ev( ) =

Lbb

P Tsm( )
 

  
 

  ⋅
2NEdN

dnbb − dnev@bb

1 +
dnev − dnev@ bb

dnbb − dnev @bb

 

  
 

  

2

1 − Lbb

P Tsm( )
 
  

 
  ⋅

dnev − dnev@bb

dnbb − dnev @bb

≈

Lbb

P Tsm( )
 
  

 
  ⋅

2NEdN

dnbb − dnev @bb

1 − Lbb

P Tsm( )
 

  
 

  ⋅
dnev − dnev @bb

dnbb − dnev@bb

This may NOT be a large number! ≈
2NEdN

dnbb − dnev@bb

when Tbb=Tsm
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Deep space maneuver summary

RVS2-28

• Relative error bar is estimated to be

• Theoretical estimate of error bar only considers detector
noise.

• Theoretical results rely strongly on the ansatz that RVS(-
AOI)=RVS(AOI).

≈
2NEdN

dnbb − dnev@bb
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Issues related to striping

RVS2-29

• When scene is polarized, there will be an error in RVS in all AOI. This
so far is not captured in our calibration algorithm. The following
assessment assume that scene is un-polarized.

• If RVS indeed is detector independent, as is expected on physical
ground, the error in RVS alone will not cause striping. (It is possible
that we missed something in our calibration algorithm due to lack of
understanding of the instrument physics, that RVS in fact is detector
dependent and RVS(-26.5) is different from RVS(26.5).)

• If there is error in RVS, the error will be minimum at the normalization
angle (AOI=AOI of BB for TEB and AOI=AOI of SD for RSB).

• Combining RVS error with un-calibrated variations in detector gains
will result in striping which generally increase as AOI increases.

• On-orbit data support our pre-launch conclusion that RVS need to be
further calibrated.
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Earth Remote Sensor Polarization Effects on
Calibration Accuracy

Modis Calibration Support Team

June, 2000

POL-1
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Outline

• Introduction

• Polarization Formalism

• Polarized Response Versus Scan Angle (RVS) for parallel
scanners like MODIS.

• Parametric studies for parallel scanners for protected silver
coated scan mirror sensors.

• Polarization data (PC08) analysis report.

• Summary

POL-2
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Polarization of SiOx Protected
Silver-coated Scan Mirrors

Polarized reflectances at 65.5 degree angle-of-incidence for the MODIS ProtoFlight Model silver
coated scan mirror protected with SiOx coating produced by Denton Inc. Measurements
courtesy of British National Physical Laboratories.
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M

Lin

φ

Lout

s

p

e1

e2

1'

2'

L in =

L1 + L2

L1 − L2

2 L1 L2 cos 2 − 1( )
2 L1 L2 sin 2 − 1( )

 

 

 
 
 
 
 

 

 

 
 
 
 
 

R( ) =

1 0 0 0

0 cos 2( ) sin 2( ) 0

0 − sin 2( ) cos 2( ) 0

0 0 0 1

 

 

 
 
 

 

 

 
 
 

M =
1

2

q + r q − r 0 0

q − r q + r 0 0

0 0 ±2 qr 0

0 0 0 ±2 qr

 

 

 
 
 
 
 

 

 

 
 
 
 
 

Lout s,p( ) = M ⋅ R( )⋅ Lin a,b( )

Incoming polarized light ray
represented by a Stokes vector in an
arbitrary coordinate System (e1,e2)

Rotation Matrix to rotate 
the incident ray (a,b)  into 
the optical element coordinate (s,p) 

Optical element Mueller Matrix
(+ sign for transmittance; 
 - sign for reflectance)

a

L in =

La + Lb

La − Lb

0

L3

 

 

 
 
 

 

 

 
 
 

b

ba

ba

LL

LL
f

+
−=

Polarization factor:
define the degree of
polarization of the scene

Same Incoming polarized light ray
represented by a Stokes vector in the
scene preferred coordinate system (a,b)

General Formalism for Single Optical
Element Relay of Polarized Light
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M2

M3

M4

Mn

Msm

…

Detector

Lin

LD

  

LD = Mn ⋅ Rn( )L M2 ⋅R2( )[ ]⋅ Rsm( ) ⋅ Msm s , p( ) ⋅ Rsm( )[ ]⋅ Lin

≡ A ⋅ Rsm( )⋅ Msm s , p( ) ⋅Rsm ( )[ ]⋅L in

where,

is the fixed optics Mueller matrix, and                is required to
rotate the s and p directions of the scan mirror into a set of
fixed coordinates, such that the fixed optics Mueller matrices
are scan angle independent.  The final at-detector signal is

where        is the transposed detector vector. By defining the
system level Response Versus Scan-angle (RVS) vector as

Then, the at-detector signal becomes

  A = Mn ⋅ Rn( )L M2 ⋅R2( )[ ]
Rsm ( )

Fixed Optics

Msm is a rotating Scan Mirror 
with rotational angle = .

S = DT ⋅LD = DT ⋅ A ⋅ Rsm ( )⋅ Msm ⋅Rsm ( )[ ]⋅ L in

DT

RVS ,( ) = DT ⋅ A ⋅ Rsm( )⋅ Msm ⋅Rsm ( )

S = RVS ,( ) ⋅L in a,b( )
= RVS0 ,( ) ⋅ La + Lb( ) + RVS1 ,( )⋅ La − Lb( )
= RVSeff ,( ) ⋅ La + Lb( )
≡ RVSeff ,( ) ⋅ L

Scan mirror Msm polarization
(s,p) rotating w/r/t the fixed
optics M2 (s,p) with angle = 

s1
p1

s2 p2

θ

RVSeff ,( ) = RVS0 ,( ) + RVS1 ,( ) ⋅ f f = La − Lb( ) La + Lb( )

L = total scene radiance
RVSeff = effective RVS  

Polarization Formalism Applied to a
Multiple Optical Element System

where and POL-5
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RVSpara
0 ,( ) = ⋅ s ( ) + p( )

2
+ ⋅ s ( ) − p( )

2

RVSpara
1 ,( ) = ⋅ s ( ) − p( )

2
+ ⋅ s ( ) + p( )

2

 

 
 

 

 
 ⋅ cos 2( ) + s ( ) p( ) sin 2( )

= Di ⋅ Ai0where                     is the fixed-optics total throughput (or optical efficiency)

and                                                      are fixed-optics polarization parameter

and                             are the scan mirror  s and p reflectivity components

and                                                                               is the final effective system RVS

Rsm = 0( ) = I ,

RVSpara( ) = DT ⋅A ⋅ Msm s ( ), p ( )( ) ⋅ R( )

For a parallel scanner:

thus

and

= Di ⋅ Ai1, = Di ⋅ Ai2

s ( ) , p( )

RVSeff ,( ) = RVSpara
0 ,( ) + RVSpara

1 ,( )⋅ f

RVS Formalism for
Parallel Scanner (1)

POL-6
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RVSpara
0 ( ) = ⋅ s ( ) + p ( )

2
+ ⋅ s ( ) − p ( )

2

RVSpara
1 ( ) = ⋅ s ( ) − p ( )

2
+ ⋅ s ( ) + p ( )

2

Parallel Scanner:
Scan swath plane || incident plane

w
N

w'

Scan swath direction

= 0 , Rsm = 0( ) = I

RVSpara( ) = DT ⋅A ⋅ Msm s ( ), p ( )( )
For a parallel scanner:

thus

and

Conclusion: The parallel scanner RVS depends on the scan angle θ through the scan mirror polarized

reflectivities ( s(θ), p(θ)). For an unpolarized scene (i.e., f=0), the fixed-optics polarization (i.e., ≠0)

contributes to the system RVS for a polarized scan mirror (i.e., s p), but does not for an unpolarized scan

mirror (i.e., s= p), Therefore, the sensor RVS function cannot be determined by simply measuring the

scan mirror average reflectivity, unless the fixed-optics polarization is near zero (i.e., =0), or the scan

mirror is unpolarized. For a polarized scene (i.e., f≠0), fixed-optics polarization contributes to the system
RVS for both unpolarized and polarized scan mirror.

RVSeff ( ) = RVSpara
0 ( ) + RVSpara

1 ( )⋅ f

RVS Formalism for a
Parallel Scanner (2)

POL-7



EOS

At-detector Signal due to
Scene (S)

•  Unpolarized Scene f = 0 , ⇒ RVSeff = RVS0 , S = RVS0 ⋅ L

Parallel Scanner: S = RVSpara
0 ( ) ⋅ L = ⋅ s ( ) + p ( )

2
+ ⋅ s ( ) − p ( )

2

 

 
 
 

 

 
 
 ⋅ L

Conclusion: For unpolarized scenes , fixed-optics polarization will contribute to the RVS
when the scan mirror is polarized(i.e., s p).  For polarized scenes , fixed-optics

polarization will contribute to the RVS for both polarized and unpolarized scan mirrors,
such that, sensors calibrated to an unpolarized source, with identical scan mirrors and
different fixed-optics polarization characteristics, will not agree when viewing a
polarized scene.

•  Polarized Scene f ≠ 0 , ⇒ RVSeff = RVS0 + f ⋅ RVS1, S = RVSeff ⋅ L

Parallel Scanner: S = RVSeff ( ) ⋅ L = RVSpara
0 ( ) + RVSpara

1 ( ) ⋅ f[ ]⋅ L

POL-8
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Parametric Study for a Parallel Scanner
Remote Sensor

Quantitative results are presented for parallel scanners operating in the thermal emissive
wavelength region, covering a realistic range of scan mirror, fixed-optics and scene
polarization parameters. These are:

• Scan mirror polarization (2 cases)

1) a silver-coated scan mirror (similar to the MODIS scan mirror)

2) a gold-coated scan mirror (a near perfect unpolarized mirror with rs=rp=(rs+rp)/2)

• Fixed-optics polarization (3 cases)

1) zero fixed optics polarization

2) 5% fixed-optics polarization (typical of a filter type spectroradiometer, e.g., MODIS)

3) 70% fixed-optics polarization (typical of a grating type spectroradiometer)

• Scene polarization (2 cases)

1) an unpolarized scene

2) 5% polarized scene

POL-9
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Response versus Scan Angle for a
Silver-coated Scan Mirror Sensor
Viewing an Unpolarized Scene

11 m

POL-10
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Effective Response versus Scan Angle for a Silver-coated Scan
Mirror Sensor Viewing a 5% Polarized Scene

11 m

POL-11
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PC08 data analysis

For a general linear sensor, the system response to a polarized scene can be
expressed as

where S is the at detector signal, RVS0 is the response versus scan angle for un-
polarized scene,  is the scan angle or angle of incidence (AOI), f is the scene

polarization factor, a( ) is the amplitude of the system polarization response,  is

the phase angle of the system polarization response, and  is the scene polarization

direction angle measured with respect to the MODIS scan mirror plane of incidence,
namely when the polarization direction is in this plane, =0, and when it is

perpendicular to this plane =90. This reference plane, determined by the nadir

direction and the scan mirror normal direction, remains the same for each scan.

S = RVS0 ( ) 1 + f ⋅ a( )cos 2 + ( )( )[ ]

POL-12
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Band 13 and 13high

Band 13 side 1 polarization amplitude

Angle of incidence (AOI)

f

Band 13h, side 1 polarization amplitude

Angle of incidence (AOI)

f

POL-13



EOS
Band 14 and 14high

Band 14 side 1 polarization amplitude

Angle of incidence (AOI)

f

Band 14h side 1 polarization amplitude

Angle of incidence (AOI)

f

POL-14
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Compare for det 5 and
mirror side 1

Comparison of 13 and 13high (side 1, det 5)

AOI

f

Comparison of 14 and 14high (side 1, det 5)

AOI

f

POL-15
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Summary

• PC 08 data generally give the uncertainty of the
amplitude determination on the order of 0.01.

• Detector to detector variation is also on the scale
of 0.01. Unless the detector gains are polarization
sensitive, this size of variation should be regarded
as the size of uncertainty.

• Differences between 13 and 13h, and 14 and 14h
also on the scale of 0.01.
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Appendix:  amplitude tables (phase angle tables are not
given here. For those interested, EXCEL workbooks on
both  amplitude and phase angle are available.
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Band 1 Mirror side 1, amplitude

POL-18
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Band 1, mirror side 2, amplitude
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Band 2, mirror side 1, amplitude
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Band 2, mirror side 2, amplitude
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Band 3, mirror side 1, amplitude
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Band 3, mirror side 2, amplitude
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Band 4, mirror side 1, amplitude

POL-24



EOS

Band 4, mirror side 2, amplitude
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Band 8, amplitude
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Band 9, amplitude
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Band 10, amplitude
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Band 11, amplitude
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Band 12, amplitude

POL-30



EOS

Band 13, amplitude
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Band 13 high, amplitude
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Band 14, amplitude
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Band 14 high, amplitude
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Band 15, amplitude
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Band 16, amplitude
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Band 17, amplitude
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Band 18, amplitude
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Band 19, amplitude
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B21 Calibration (Preliminary)

• B21 Calibration Information
– Specified Lmax = 86.0 Watts/m2/sr/µm (Tmax = 500K)
– BCS at 340K produces radiance = 2.9 Watts/m2/sr/µm
– Band 21 specified radiance uncertainty at Lmax = ±10%

• B21 Pre-launch Calibration Summary
– Different approaches for TSAT evaluation

• B21 Initial On-orbit Calibration
– Evaluate changes from pre-launch to on-orbit using OBC BB
– New coefficients derived due to Itwk/Vdet setting change
– New TSAT

– Moon in space view port (M-SV)

B21-1
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B21 Calibration (pre-launch)

• Three methods used to determine B21 fixed gain at
prelauch:
– Pagano method: extrapolation of detector voltage

• Tsat = 471K
– Young

• Tsat = 464K
– Chiang method: SpMA RSR response for Bands 20-23

• B20 --> Tsat = 456K
• B22 --> Tsat = 470K
• B23 --> Tsat = 464K

– Xiong’s linear extrapolation of linear gain from BCS@340K
•  Tsat = 475K

• L1B uses LUT with fixed b1 determined from TV RC02
– Each detector treated independently (no mirror side difference)

B21-2
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B21 On-orbit Calibration (Preliminary)

• OBC BB (maximum of 315K on-orbit)
– New LUT proposed due to Itwk/Vdet setting change

– Responses variation of ±4% from time to time

• B21 calibration via views of Moon through SVP (in
process)
– Use unsaturated band 31, need lunar emissivity information

B21-3
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On-orbit B21 Calibration from OBC BB

• New coefficients
• New TSAT

• Responses variation

B21-4
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On-orbit B21 Responses Variation

B21 Responses from OBC BB at Different Time
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141.1820
147.1100
153.1200

Itwk/Vdet=110/226

B21-5
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B21 Calibration using M-SV
(in process)

B21-6
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Co-Registration

• MCST Results
– Using moon in space view port (M-SV)
– SRCA

• SDST Results

Reg-1
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Co-Registration Using Moon in
Space View Port (M-SV)

• Track frame number (and signal) of each detector as
moon sweeps across focal plane

• Uses purely geometrical approach
• Primary error sources

– Detector noise
– Circular (non-rectangular) shape of moon
– Non-uniform source distribution across lunar surface

Reg-2
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Algorithm Concept

Each band (or detector)
responds to the lunar
signal differently;
normalization
between detectors
achieved from
adjacent fully
illuminated pixels

F1 F2

Reg-3
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Results from the
March Lunar view

Lunar BBR (Bands 8-19)

Band.Channel

PrelimaryPreliminary

Reg-4
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Additional Results - Similar Approach,
Different Implementation

This implementation less dependent on sharp lunar edge across focal
plane and is able to obtain registration for TEB as well.

Reg-5



Preliminary Results for Band−to−Band Registration
                from Image Correlation Method

K. Yang, R. Wolfe, M. Nishihama, A. Fleig

Jack Xiong
BBR-1

Jack Xiong
 



Determination of Shifts
Image correlation is used to find the location of the best match of 
the images of two bands. The pixel shifts in scan and track are
at the maximum correlation value.
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About 1440 image correlations are done in a day for a pair of bands.
Results that satisfy certain criteria are include in the calculations of
average and standard deviatons of the shifts.

Jack Xiong
BBR-2



Defination of Shifts

Same pixel (line, sample), but different ground location for
different spectral bands.

b1 b2 b1

b2

a. Positive shift for b2 relative
    to b1 in scan.

b. Positive shift for b2 relative
    to b1 in track.

Jack Xiong
BBR-3



Results

1.  Average shifts in scan and track for bands 1−20 relative to 
     bands 1 and 2.

2.  Average shifts in scan and track for bands 29−36 among 
     themselves.

One day results (day 103)

Ten day results (days 86 − 95)

1. Average shifts and their standard deviations.

Jack Xiong
BBR-4



Scan Shift (meters), Day 103

1 2 3 4 5 6 7 8

1 - -2.6 -21.3 -18.2 -8.6 -4.7 -12.8 -22.9

2 - - -19.3 -15.9 -5.5 0.7 - 8.6 -24.7

9 10 11 12 13 14 15 16

1 -24.7 -45.8 -7.6 15.9 -22.0 15.0 8.5 22.7

2 -23.9 -40.1 -4.4 22.2 -20.0 14.7 15.3 25.5

17 18 19 20

1 25.5 -14.5 -28.3 -97.6

2 31.5 -10.6 -24.0 -87.9

Jack Xiong
BBR-5



Track Shift (meters), Day 103

1 2 3 4 5 6 7 8

1 - 1.3 9.0 7.5 45.9 39.4 40.3 27.5

2 - - 8.8 6.4 47.9 40.8 40.8 22.2

9 10 11 12 13 14 15 16

1 22.2 15.2 20.8 17.3 2.7 2.6 -2.8 8.6

2 22.2 13.7 19.5 10.3 -1.1 -5.9 -12.4 4.0

17 18 19 20

1 5.0 5.3 1.8 20.7

2 5.2 3.8 1.4 25.9

Jack Xiong
BBR-6



Scan Shift (meters), Day 103

29 30 31 32 33 34 35 36�

29 - -33.7 -19.7 -92.6 23.0 57.2 91.0 302.0

30 - - -50.5 -128.0 61.2 98.3 153.0 343.0

31 - - - -67.7 -2.3 28.2 68.6 278.0

32 - - - - -83.9 -67.4 -17.5 208.0

33 - - - - - -25.9 62.1 303.0

34 - - - - - - 36.1 282.0

35 - - - - - - - 282.0

36 - - - - - - - -

* Large relative shifts seen in band 36 may be due to

factors such as ghosting or cross talk.

Jack Xiong
BBR-7



Track Shift (meters), Day 103

29 30 31 32 33 34 35 36

29 - -7.5 28.6 32.3 -35.6 -47.2 -72.9 -67.7

30 - - 18.0 23.5 -13.7 -28.4 3.3 4.3

31 - - - -2.8 5.0 -4.9 -4.5 -10.9

32 - - - - 7.7 -0.3 1.9 -0.3

33 - - - - - 7.6 -24.5 -19.5

34 - - - - - - 0.5 -3.4

35 - - - - - - - -16.6

36 - - - - - - - -

Jack Xiong
BBR-8



Day 103

Shift Relative to Band 29
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10-day Average Shifts and Standard Deviations
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Summary

1.  Bands 1 and 2 are well aligned to within a few meters.

2.  Bands 3 to 7 shifts less than 50m (both scan and track) relative 
     to bands 1 and 2.

3.  Bands 8−20 shifts less than 100m or 0.1 pi xel relative  to bands 1 
     and 2.

4.  Relative shifts are stable over a 10−day period. More results (not 
     shown here ) indicates that these shifts are stable over a much 
     longer period.

5.   Bands 29−35 are in general well aligned to within 100m or 0.1 pixel.  
      Some exceed the 100m,  and in particular,  large shifts (about 300m) 
      in scan for band 36 relative to  other bands. These shifts may not be  
      actual detectors shifts on the focal plane but due to other factors
      such as ghosting, cr oss talk, etc..
 
6.   No res ults shown  for bands 21−26 .

Jack Xiong
BBR-11
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Band-to-band co-registration using the SRCA 
spatial mode
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To MODIS scan mirror

SRCA COLLIMATOR

Mirror

Integration sphere
Filter wheel

Radiance stability monitoring detector (D1)

Focusing 
mirror

Collimating 
mirror

MONOCHROMATOR

LIGHT SOURCE

Slit/Reticle motor

Reference SiPD (D3)

Grating

Exit slit Didymium glass
Calibration SiPD (D2)

Entrance slit
Thermal source

SRCA layout
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Reticles and CARFs of SRCA in spatial mode 
Along-scan

Along-track

CARF for band 26
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Summary -- general

♦ Ninety four percent of the detectors meet the co-registration specification.

♦ The SRCA spatial signal pattern remains the same or is better than pre-launch

    quality.

♦ The SRCA spatial calibration is successful.  The calibration results are

    consistent with prelaunch in TV.

♦ The repeatability of the four tests on-orbit is ±10m for both along-scan and

    along-track.
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Summary -- on-orbit shift

♦ The range of channel/band shifts relative to Nominal for each FPA is

    summarized as follows (Average±variation range) in meters:

FPA Day#060 Day#075 Day #089 Day #096
Along-scan VIS 16 15 15 12 1 -2 6

NIR 0 8 -1 8 0 8 1 8

SMWIR 21 53 20 53 9 55 12 55

LWIR -11 40 -7 36 -17 40 -13 38

Along-track VIS 48 19 42 14 34 13 35 14

NIR -9 9 -8 8 -8 8 -8 8

SMWIR -45 15 -45 15 -42 19 -45 16

LWIR -61 20 -55 18 -55 17 -52 16
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Summary -- channel/band co-registration

♦ The co-registration on-orbit is 48m worse than at pre-launch Nominal

    plateau (along-scan) and is 12m better than at pre-launch Nominal plateau
    (along-track) on average.

♦ The channel shift along-track is based on the IAC test results at prelaunch.

    The SRCA measures only the band centroid shift.

PFM co-registration from prelaunch to on-orbit
(along-scan)
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Summary -- FPA co-registration

Average FPA co-registration along-scan
relative to NIR FPA
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Definition

♦ Shift:  Position measured relative to band 1 for the same channel 

    without IAC bias correction.

♦Co-registration: Position measured relative to band 1 for the same 

     channel with SRCA bias correction based on IAC data.

♦Band-to-band relative co-registration: Position of band i relative

   to band j for the same channel with SRCA bias correction based on the IAC.  
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SRCA limitation

♦ Both shifts along-scan and along-track are relative to band 1 to exclude

    possible misalignment between the SRCA and MODIS.

♦ The SRCA determines channel shift along-scan and band centroid shift 

    along-track.
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SRCA spatial mode results -- Co-registration between bands/channels

♦  Ninety-four percent of the detectors meet the co-registration specification

     (red square of ±0.1km frame). 

♦  Edge channel (channel 10 for 1km bands )for bands 7, 21, and 30 has unreasonable

     shift values for all four tests.  Their shift values are interpolated from their neighbor
     channels.
 ♦ The shift along-track for bands 6, 7, and 22 are interpolated due to the presence 

     of inoperable channels.

Band-to-band co-registration of PFM
(relative to band 1)

-0.25
-0.2

-0.15
-0.1

-0.05
0

0.05
0.1

0.15
0.2

0.25

-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

Along-scan (km)

A
lo

n
g

-t
ra

ck
 (

km
)

Nominal plateau Day #060 Day#075 Day#089 Day #096

A
lo

n
g

-t
ra

ck
 (

km
)



11

SRCA spatial mode results -- Shift along-scan 
comparison between Nominal and orbit (1)

Shift along-scan PFM
(relative to band 1)
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SRCA spatial mode results -- Shift along-scan from Nominal to orbit (2)

♦ Comparing to Nominal, the shift along-scan is more scattered for SMWIR and 

    LWIR FPAs.

PFM shift along-scan from prelaunch Nominal to orbit
(relative to band 1)
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SRCA spatial mode results -- Shift along-scan stability on-orbit

♦ The band location in the figure is in the same sequence as band location in the FPA.  

♦ For VIS FPA, Day#060 has inconsistent shifts within FPA.  It is caused by

    the phase-delay problem for bands 3, 8, and 9 (20m shift in the figure).  
♦ Day#089 is almost the same as Day#096.  Day#060 and Day#075 have nearly

    the same shifts (less than 10m) for SMWIR and LWIR FPAs.

PFM shift along-scan on-orbit relative to Day#060
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SRCA spatial mode results -- Shift along-scan vs. channel from Nominal to orbit

♦ The pattern of shift along-scan from prelaunch Nominal to orbit has 

     minimum change.    
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SRCA spatial mode results -- Shift along-track from Nominal to orbit

♦ Data points in each FPA are in the same sequence as band location in the FPA.

♦ FPAs have no extra-rotation.
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SRCA spatial mode results -- Shift along-track relative to Nominal plateau

♦ The shift pattern of bands in a FPA has minimum change except VIS FPA

    where Day#060 shows bias.    
♦ Data points in each FPA is in sequence of band location in the FPA.

Band centroid shift along-track PFM
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SRCA spatial mode results -- Shift along-track stability on-orbit

♦ The FPA shift along-track is stable except Day#060 VIS FPA.  High

    repeatability is observed between Day#089 and Day#096.     
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SRCA spatial mode results -- Comparison of shift along-track 
between Nominal and orbit

♦ Shifts along-track on-orbit for bands 6, 7, 21, 22 are interpolated values. 

♦ Data points in each FPA are in sequence of band location in the FPA.

♦ Figures show that the band shift patterns for the four FPAs are retained.
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SRCA spatial mode results -- co-registration (1)

♦ The co-registration tables are the average of Day#089 and #096. 

♦ The values in the tables should be interpreted as:
           B1      B2      B3      B4      B5      B6      B7      B8      B9      B10 
B1       0        SA
B2                  0

♦ If SA is a positive value, then B2(column)B1(row) value means that B2 is shifted 

    by a amount of SA in along-scan (along-track) direction relative to B1; or
    B1(column)B2(row) means B1 is shifted a negative SA relative to B2. 
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SRCA spatial results -- band-to band relative co-registration (2)

Band-to-band coregistration along-scan
(average of Day#089/096)
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SRCA spatial results -- band-to band relative co-registration along-scan on-orbit (m)

CO-REGISTRATION ALONG-SCAN (DAY#089/#096)

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 B21 B22 B23 B24 B25 B26 B27 B28 B29 B30 B31 B32 B33 B34 B35 B36 B37 B38

B1 0 -3 -32 -43 45 45 45 -28 -31 -48 -43 6 -14 16 22 34 32 -36 -53 -27 -16 -78 -110 22 43 21 -96 -87 -119 -96 -67 -2 -77 -100 -93 -89 -14 16

B2 0 -28 -40 48 49 48 -24 -27 -45 -40 9 -11 19 25 37 36 -33 -50 -24 -12 -74 -107 26 46 24 -93 -84 -116 -92 -64 2 -74 -96 -89 -85 -11 19

B3 0 -11 76 77 76 4 1 -17 -12 37 18 47 53 65 64 -5 -21 4 16 -46 -79 54 75 53 -64 -56 -87 -64 -36 30 -46 -68 -61 -57 18 47

B4 0 88 88 88 15 12 -5 0 49 29 59 65 77 75 7 -10 16 27 -35 -67 65 86 64 -53 -44 -76 -53 -24 41 -34 -57 -50 -46 29 59

B5 0 1 0 -72 -75 -93 -88 -39 -59 -29 -23 -11 -12 -81 -98 -72 -60 -122 -155 -22 -2 -24 -141 -132 -164 -141 -112 -46 -122 -144 -137 -133 -59 -29

B6 0 -1 -73 -76 -93 -88 -40 -59 -30 -24 -12 -13 -82 -98 -73 -61 -123 -156 -23 -2 -24 -141 -133 -164 -141 -112 -47 -122 -145 -138 -134 -59 -30

B7 0 18 22 16 39 18 11 17 6 14 20 23 26 97 78 -270 52 60 84 158 -39 -58 -70 -58 -31 -39 15 16 49 46 9 15

B8 0 -3 -21 -16 33 14 44 49 61 60 -9 -25 0 12 -50 -83 50 71 49 -68 -60 -91 -68 -40 26 -49 -72 -65 -61 14 43

B9 0 -18 -13 36 17 46 52 64 63 -6 -22 3 15 -47 -80 53 74 52 -65 -57 -88 -65 -37 29 -47 -69 -62 -58 17 46

B10 0 5 54 34 64 70 82 81 12 -5 21 33 -30 -62 71 91 69 -48 -39 -71 -48 -19 47 -29 -52 -44 -40 34 64

B11 0 49 29 59 65 77 76 7 -10 16 28 -35 -67 66 86 64 -53 -44 -76 -53 -24 42 -34 -57 -49 -45 29 59

B12 0 -19 10 16 28 27 -42 -59 -33 -21 -83 -116 17 37 15 -102 -93 -124 -101 -73 -7 -83 -105 -98 -94 -19 10

B13 0 30 36 47 46 -23 -39 -14 -2 -64 -97 36 57 35 -82 -73 -105 -82 -53 12 -63 -86 -79 -75 0 30

B14 0 6 18 17 -52 -69 -43 -31 -94 -126 7 27 5 -112 -103 -135 -112 -83 -17 -93 -116 -108 -104 -30 0

B15 0 12 11 -58 -75 -49 -37 -99 -132 1 21 -1 -118 -109 -140 -117 -89 -23 -99 -121 -114 -110 -36 -6

B16 0 -1 -70 -87 -61 -49 -111 -144 -11 9 -13 -130 -121 -152 -129 -101 -35 -111 -133 -126 -122 -47 -18

B17 0 -69 -85 -60 -48 -110 -143 -10 11 -11 -128 -120 -151 -128 -100 -34 -109 -132 -125 -121 -46 -17

B18 0 -17 9 21 -41 -74 59 79 58 -60 -51 -82 -59 -31 35 -41 -63 -56 -52 23 52

B19 0 26 37 -25 -57 75 96 74 -43 -34 -66 -43 -14 51 -24 -47 -40 -36 39 69

B20 0 12 -50 -83 50 70 48 -69 -60 -92 -68 -40 26 -50 -72 -65 -61 14 43

B21 0 -16 -49 84 105 83 -34 -26 -57 -34 -6 60 -16 -38 -31 -27 48 77

B22 0 -33 100 121 99 -18 -10 -41 -18 11 76 1 -22 -15 -11 64 93

B23 0 133 153 132 14 23 -8 15 43 109 33 11 18 22 97 126

B24 0 21 -1 -118 -110 -141 -118 -90 -24 -100 -122 -115 -111 -36 -7

B25 0 -22 -139 -130 -162 -139 -110 -45 -120 -143 -136 -132 -57 -27

B26 0 -117 -108 -140 -117 -88 -23 -98 -121 -114 -110 -35 -5

B27 0 9 -23 0 29 94 19 -4 3 7 82 112

B28 0 -32 -8 20 86 10 -12 -5 -1 73 103

B29 0 23 52 117 42 19 26 30 105 135

B30 0 43 108 33 10 17 21 96 126

B31 0 66 -10 -33 -25 -21 53 83

B32 0 -75 -98 -91 -87 -12 17

B33 0 -23 -15 -12 63 93

B34 0 7 11 86 115

B35 0 4 79 108

B36 0 75 104

B37 0 30

B38 0



22

SRCA spatial results -- band-to band relative co-registration along-track on-orbit (m)

CO-REGISTRATION ALONG-TRACK (DAY#089/#096)

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 B21 B22 B23 B24 B25 B26 B27 B28 B29 B30 B31 B32 B33 B34 B35 B36 B37 B38

B1 0 -3 10 5 75 37 116 1 6 0 23 4 -5 0 -10 -3 4 6 9 81 28 -10 35 44 67 140 -56 -74 -87 -81 -47 -55 0 2 33 32 -8 -2

B2 0 13 9 78 40 120 5 9 4 26 8 -2 3 -7 1 7 9 12 84 32 -7 38 47 70 144 -52 -71 -84 -77 -44 -52 4 5 36 35 -5 2

B3 0 -4 65 27 107 -8 -3 -9 13 -5 -15 -10 -20 -12 -6 -4 -1 71 19 -20 26 34 57 131 -65 -84 -96 -90 -57 -64 -9 -7 23 22 -17 -11

B4 0 69 32 111 -4 1 -5 17 -1 -11 -6 -15 -8 -2 1 4 76 23 -16 30 38 61 135 -61 -80 -92 -86 -53 -60 -5 -3 27 27 -13 -7

B5 0 -38 42 -74 -69 -74 -52 -70 -80 -75 -85 -77 -71 -69 -66 6 -46 -85 -40 -31 -8 66 -130 -149 -162 -156 -122 -130 -74 -73 -42 -43 -83 -77

B6 0 79 -36 -31 -37 -14 -33 -42 -37 -47 -40 -34 -31 -28 44 -9 -47 -2 6 30 103 -93 -111 -124 -118 -84 -92 -37 -35 -4 -5 -45 -39

B7 0 -115 -110 -116 -94 -112 -122 -117 -126 -119 -113 -110 -107 -35 -88 -127 -81 -73 -50 24 -172 -191 -203 -197 -164 -171 -116 -114 -84 -85 -124 -118

B8 0 5 -1 22 3 -6 -1 -11 -4 2 5 8 80 27 -12 34 42 66 139 -57 -76 -88 -82 -49 -56 -1 1 32 31 -9 -3

B9 0 -6 17 -2 -11 -6 -16 -9 -3 0 3 75 22 -16 29 37 61 134 -62 -81 -93 -87 -53 -61 -6 -4 27 26 -14 -8

B10 0 22 4 -6 -1 -10 -3 3 6 9 81 28 -11 35 43 67 140 -56 -75 -87 -81 -48 -55 0 2 32 32 -8 -2

B11 0 -18 -28 -23 -33 -26 -19 -17 -14 58 6 -33 12 21 44 118 -78 -97 -110 -104 -70 -78 -23 -21 10 9 -31 -25

B12 0 -10 -5 -14 -7 -1 2 5 77 24 -15 31 39 63 136 -60 -79 -91 -85 -52 -59 -4 -2 28 28 -12 -6

B13 0 5 -5 3 9 11 14 86 34 -5 40 49 72 146 -50 -69 -82 -76 -42 -50 6 7 38 37 -3 4

B14 0 -10 -2 4 6 9 81 29 -10 35 44 67 141 -55 -74 -87 -80 -47 -55 1 2 33 32 -8 -1

B15 0 7 14 16 19 91 38 0 45 54 77 150 -45 -64 -77 -71 -37 -45 10 12 43 42 2 8

B16 0 6 9 12 84 31 -8 38 46 70 143 -53 -72 -84 -78 -45 -52 3 5 36 35 -5 1

B17 0 2 6 77 25 -14 32 40 63 137 -59 -78 -90 -84 -51 -58 -3 -1 29 28 -11 -5

B18 0 3 75 22 -16 29 38 61 134 -61 -80 -93 -87 -53 -61 -6 -4 27 26 -14 -8

B19 0 72 19 -19 26 34 58 131 -65 -83 -96 -90 -56 -64 -9 -7 24 23 -17 -11

B20 0 -53 -91 -46 -37 -14 60 -136 -155 -168 -162 -128 -136 -81 -79 -48 -49 -89 -83

B21 0 -39 7 15 38 112 -84 -103 -115 -109 -76 -83 -28 -26 4 4 -36 -30

B22 0 45 54 77 151 -45 -64 -77 -70 -37 -45 11 12 43 42 3 9

B23 0 8 32 105 -91 -110 -122 -116 -82 -90 -35 -33 -2 -3 -43 -37

B24 0 23 97 -99 -118 -130 -124 -91 -98 -43 -41 -11 -12 -51 -45

B25 0 74 -122 -141 -154 -148 -114 -122 -67 -65 -34 -35 -75 -69

B26 0 -196 -215 -227 -221 -188 -195 -140 -138 -108 -109 -148 -142

B27 0 -19 -31 -25 8 1 56 58 88 87 48 54

B28 0 -12 -6 27 20 75 77 107 106 67 73

B29 0 6 40 32 87 89 120 119 79 85

B30 0 33 26 81 83 114 113 73 79

B31 0 -8 48 49 80 79 40 46

B32 0 55 57 88 87 47 53

B33 0 2 32 32 -8 -2

B34 0 31 30 -10 -4

B35 0 -1 -41 -35

B36 0 -40 -34

B37 0 6

B38 0
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Determination of band center wavelength shift 
using the SRCA spectral mode 



2

Summary

♦  The operation of the SRCA spectral calibration on-orbit is successful.  The 

     current center wavelength and the shift from prelaunch are provided.
♦  Operation of the spectral calibration during space dark retains the reference

     SiPD noise at prelaunch level.   
♦  The SRCA monochromator parameters are very stable.  

♦  The band center wavelength shift from prelaunch Nominal plateau to orbit

     is less than 0.4nm for wavelengths less than 1 µm.

♦  Some changes of band response profiles are observed.
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SRCA monochromator parameters are normal

♦ The monochromator parameters determine the wavelength scale and are

    used to convert grating step number into wavelength.  
♦ The two key parameters are stable at different conditions.  The monochromator

    parameters tested on-orbit on Days #049 and #061 show that the monochromator 
    is operating normally.

Test case β θ_off

SBRS_cold.10W 15.059 0.005
SBRS_hot.10W 15.024 0.001

SBRS_nom.30W 15.082 0.005
SBRS_nom.10W 15 0.001

VF_cold.30W 15.035 0.004
VF_cold.10W 15.072 0.006
VF_hot.30W 15.05 0.004
VF_hot.10W 15.051 0.004

Day#049, 30W 14.996 0.001
Day#049, 10W 15.033 0.003
Day#061, 30W 15.049 0.003
Day#061, 10W 15.146 0.006
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Average center wavelength and shift from Nominal to orbit (1)

♦  The averaged band center wavelength shifts from prelaunch Nominal plateau 

     are less than 0.4nm for λ<1µm.  The current center wavelengths, corrected

     for the SpMA and SRCA differences, and the center wavelength shift from prelaunch 
    Nominal plateau are listed below.  The SWIR band shifts are not normalized 
    by the SRCA source profile.

 Current center wavelength Center wavelength shift  from prelaunch(nm) 
Band mean value (um) Day#061 Day#049

8 0.4119 -0.20 0.15

9 0.4420 -0.23 -0.20
3 0.4659 0.02 0.14

10 0.4868 -0.12 -0.16
11 0.5297 -0.02 -0.07
12 0.5470 0.17 0.11
4 0.5539 0.05 0.20
1 0.6466 0.09 0.16

13 0.6655 -0.19 -0.20
14 0.6772 0.16 0.21
15 0.7466 0.01 0.02
2 0.8583 0.31 0.33

16 0.8663 -0.10 -0.03
17 0.9044 0.00 0.19
18 0.9354 -0.18 -0.36
19 0.9359 -0.37 -0.34
5 1.2424 0.39 0.23

26 1.3822 0.05 -0.10
6 1.6297 0.22 0.54
7 2.1151 -0.19 0.38
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center wavelength shift from Nominal to orbit (2)

♦  The center wavelength shift variations over channels are as shown.  The band

     sequence of wavelength is listed on the previous sheet. 

PFM centroid band wavelength shift (all channels) 
from Nominal plateau to orbit

-3

-2

-1

0

1

2

3

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

Wavelength (um)

C
en

tr
o

id
 w

av
el

en
g

th
 

sh
if

t 
(n

m
)

Day 061 Day049

C
en

tr
o

id
 w

av
el

en
g

th
 

sh
if

t 
(n

m
)



6

Center wavelength shift variation over channels 
Comparison between prelaunch to orbit (1)

PFM band centroid wavelength shift from Nominal 
plateau, Band 1
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PFM band centroid wavelength shift from Nominal 
plateau, Band 1
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Center wavelength shift variation over channels 
Comparison between prelaunch to orbit (2)

PFM band centroid wavelength shift from Nominal 
plateau, Band 8
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Center wavelength shift variation over channels 
Comparison between prelaunch to orbit (3)
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Center wavelength shift variation over channels 
Comparison between prelaunch to orbit (4)
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Center wavelength shift variation over channels 
Comparison between prelaunch to orbit (5)

PFM band centroid wavelength shift from Nominal 
plateau, Band 5
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Center wavelength shift variation over channels 
Comparison between prelaunch to orbit (6)

♦ For the majority of the bands, the center wavelength shift pattern from 

    prelaunch Nominal plateau is normal.  The shift for the two tests on-orbit 
    basically are consistent.

♦ Band 8 does not have good repeatability due to low SNR.

♦ Bands 7 has a large variation.
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MODIS PFM band response recovery on-orbit (1)

♦ The stable SRCA monochromator parameters help in reconstruction of

    MODIS band response on-orbit from the SRCA measurements.
♦ Short wavelength band response is liable to change.

♦ A Fourier Transform technique is applied to recover band responses assuming 

    that the slit function of the SRCA monochromator has not changed.
♦ The recovered band response is limited to the wavelength range that the 

    SRCA measures and is compared with that MODIS band response
    measured by the Spectral Measurements Assembly (SpMA) for wavelength 
    <1µm.

♦ The reconstruction is not given for band 2 due to the change of slit function

    by using grating order of one instead of two (prelaunch).
♦ Band profiles are changed on-orbit for bands 8, 12, 14, and 18 (next sheet).

    Negligible change is detected for the other bands.  One sub-peak of band 8
    is flattened which may be related to the polarization change.
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MODIS PFM band response recovery on-orbit (2)

Comparison of SRCA reconstructed 
band 12 response with that of SpMA
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