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Introduction q

What ISRV S:

For identical scene radiance at different scan angles, detector
response will be different for scanning sensors like MODI S 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

NoO scene polarization is assumed throughout this talk.
Assuming this, we have RVSu (p, +p,)/2+cqy A - p,)/2
The radiance/reflectance is retrieved from

— Lreference ? RVSeference l}j
L = =2 xdn xa U
scene d scene * © RV U
nrefference e %cene u
\ 4 \ 4 -

Gain RV S correction
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Measuring Terra MODIS
RVS (RSB)

RVS lJ, dﬂ When constant source is used at different SA

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 AQI 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.
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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 AQI Is carried out to
obtain thefinal 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 AQI.
(in order of ascending center wavelength)
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Error Analysis ﬂ"‘.:.
Methodology .

* Once the optimum quadratic coefficients are
obtained, the allowed range of these coefficients
(which isathree dimensional €lipsoid) is
estimated by enforcing the deviation of the
guadratic function and the data is less than the
effective 1-sigma standard deviation.

At each AOI, the maximum and minimum value
for RV S 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 wavel ength)
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The following charts show the maximum and minimum results for RVS
versus AQI calculated with the parameter range given by the ellipsoid.
(in order of ascending center wavelength)
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RSB RVS Summary |9%

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

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

» Scene polarization effect will be discussed
|ater.
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MODIS TEB Response Versus Scan ,‘ 3
Angle (RVS) Status Report ‘ |

MODIS Calibration Support Team,
June, 2000

RVS2-1



TEB RVS Status Report

Brief summary of Miami workshop, Feb. 1999
e What is nhew post-Miami

— Physicstest

— Anomalous detector variation

— Fina pre-launch LUT for RVS

— Nadir door scan results

— Space view maneuver attempt

RVS2-2



Summary of Miami Workshop

RV S 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 RV S system level measurements while PFM
does not.

Using theoretical result relating RV S to scan mirror reflectances and the
fixed optics polarization parameter, an “identical twin strategy” was
employed to combine PFM NPL datawith FM 1 fixed optics parameter to
obtain PFM RV S.

Scenes are assumed unpolarized throughout.

Three sets of FM 1 high bay RV S data were analyzed and all three setswere
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.) RVS2-3



Fixed optics paran]reter obtained by
fitting RVSto P "Pe o Ps™ Ps

band C_avg c-low c-high
FM1 C-polarization factors 20 0.134 0.028 0.240
0.800 21 0.133 -0.435 0.701
T 22 0.148 -0.075 0.370
0.600
23 0.177 0.044 0.311
0.400 - 24 0.104 -0.049 0.256
= 25 0.031 -0.135 0.198
E o200 lT T T T
3 : 27 -0.173 -0.609 0.263
-]
= I 28 0.030 -0.104 0.165
; 0.000 : : : zL : : : : : :
i~ 20 21 22 23 24 ZJ.S\Z/ZJ?W/ 30 81 34 35 36 29 -0.170 -0.265 -0.074
[
£ -0.200 i 30 0.209 0.044 0.375
=
[Faet
= 31 -0.182 -0.215 -0.149
- 0.400 un
32 -0.069 -0.094 -0.044
-0.600 - 33 -0.027 -0.051 -0.002
34 0.001 -0.027 0.029
-0:800 35 0.002 0.031 0.027
Band Number e e ’
36 -0.004 -0.040 0.032
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Error due to neglect of polarization by
setting Cfix=0

Miami charts on these used modeled Cfix instead of measured Cfix!
Herewhat is presented istheresultsusing the measured ones.

dRVS/RVS = Cfix * (ps-pp)/(ps+pp) for PFM at AOI=65.5 deg

2.5

N

=
3,

[y

ARVS/RVS (%)

o
w1

o
|

20 22 23 24 25 27 28 29 30 31 32 33 34 35 36

Band Index RVS2-5




Decisions made in Miami workshop

NPL results may not provide good enough presentation for RVSdue
to the fixed optics polarization sensitivity and the scan mirror serving
asapolarizer.

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

On-orbit RV S validation/measurement will be carried out.
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What's New Since Miami

| nsisting on getting the same dn when viewing the
equivalent sourceled to revisiting the high bay RVS
data.

e Atmospheric correction considered but situation was
not improved. Argumentswere presented to point to
the inaccuracy of our estimate of atmospheric
correction

e Anomalousdetector variation were observed.

RVS2-7



Why test? ’%

\\

RVSbcs — dnocs y ( obc)Lobc j t(lsvs) sts
RVS)bc dnobc: t(l ) bcs t(lsvs)LS/s

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(1) are transmittance of light passing through a distance of |.

In thermal vacuum, t=1, we get back to our familiar eguation

Using MODTRAN, t(l) calculated as in the following table:

RVS2-8



Table for transmittance used

Band t(l.,.=0.754m) t(I,=1.77m) t(l,,=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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Channel 8 Raw <RVE>, soans 735 AT

; w/o ATM aba. correclion

RVS at AOI=26.5 degree should equal
to RVS at -26.5 degree--physics test

(Mirror &, w/Effremex40scan Arerege and 1—o Error Bars, Optimum CSUE, Eepeat 401z in Gray)
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Bz, C5UE-3

With atmospheric correction, things
didn’t improve

Channel B Eaw <BVB>,; ceame ¥0 AQ] al E.H. 45% and 253.35K
(Mirror &, «/Eifremex40scan 4verege end 1-o Error Bars, Optimum CSUE, Repeat A0l in Gray)
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Anomalous detector variation in FM1
without atmospheric correction

RY¥S_pcseze s~/ RY¥S5_obacezE 3"

1.06

1.04

1.02

0.98 1

0.96 1

0.94

0.92 -

FM1 RVS @ AOIl 26.5° without ATM abs. correction

UAID 2142; T_ecs=309.42K (A0I:26.5°) , T_oec=309.87K (A0I:26.3°)

(Before electronic-Xtalk fixed)

20

21

22 23 24 25 27 28 29 30 31 32 33
Band

Ochi1 ®Bch2O0ch30ch4mBch5O0ch6Bch7 O0ch8 mch9 Bch10

34

35

36
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Anomalous detector variation in FM1
with atmospheric correction

RYS_acses s/ RYS_oacersz-

1.5

0.9 -

FM1 RVS @ AOI 26.5° with ATM abs. correction at RH 45% and 293.35K
UAID 2142; T_Bcs=309.42K (A0I:26.5°) , T_oBc=309.87K (A0I:26.3°)

(Before electronic-Xtalk fixed)
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23 24 25 27 28 29 30 31 32 33 34
Band
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35
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Decision made: for Band 27-30, use
NPL data for both PFM and FM1

Compare NFL Average Reflectance with FM1 EVE Normalized @ EB.5% va AQl with fuadralic Fit
(FM1 EVS Mirror &, Ch8, w/SHramexd0zcen Arerags, Oplimum CSUR)
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PFM pre-launch status summary

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

For the rest of the thermal bands, RV S are obtained
combining NPL results for PFM and the fixed optics
parameters from FM 1 high bay measurements. NO mirror
side difference present.

Some anomal ous results snowing up in FM 1 high bay
measurements are unresolved.

On-orbit RV S 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
e Test the New Relative RVS

« Existing Problems
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Data Select and Temperature Retrieval

L1A granule before the Nadir door opened

— L1A: A2000049.1610

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

— CFPA temperature: Tgy,r = 83.5K; T, \yr = 83.0K
— OBC BB temperature: 290K

Brightness temperature of the EV Nadir door
— T4 Variation among TEB
— T4 difference between mirror sides

RVS2-17



T (X)

Brightness Temperature Eetrieval vz AJI inside the EV Nadir Door
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FFM dnge {(DNpy— <DNg=} w5 AQ] inside the EY Nadir Door
Dala shown for Chd on L1AE000048.1820; 50 scana average for each mirror side
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Eriphinezs Temperature Retrieval ws ACI ingide Lhe EY Nadir Deor
Dala shown for Chd on L1AE000048.1820; 50 scana average for each mirror side
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RVS Equations "“;

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

1
RVS.(0)

Ley (0) = [, + by g, (6) + 2, xdnZ, (0)] - [RVS,, - RV&,(8)] *Lgy }

For every scan mirror rotation, let Lg.,(q) = Lg4,(d)- The mirror side 1

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

2 -
RS, 0) 0 = 2R S S
EV side2 M
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MODIS PFM Relative Rezsponse Yerzus Scan Angle (RV3) from the E¥Y Nadir Door
Data shown for ChS on L1A:200004D0.10880; 50 scans
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MODES FFM Relative

EVS (Side 2} wilh Quadratic Fit inside the EY Nadir Door
50 scans average on L1AZ000045.1830
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Eriphinezs Temperature Retrieval ws ACI ingide Lhe EY Nadir Deor
Dala shown for Chd onm L1AE000116.1215; 30 scana average for each mirror side
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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
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Deep Space Maneuver, methodology

@ L, O adn,-dn 0
RvSQ,)=1- .—2 e
S( EV) %P( ﬂ>iédnblo dnev@bbg

Thisisthefinal normalized RV S retrieval equation for the
entire EV sector, where the variables in the equation is
summarized below:

-L,, - theradiance from the OBC BB

-P(Tg,) - the Planck function at scan mirror

temperature

-dn,, - the Earth view sector digital number when
viewing cold space, and dn,qy, IS the dn,, when
scan angle equals to the OBC BB viewing angle.
-dn,, - thedigital number when MODIS viewing

the OBC BB.
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Error due to NEdN

.2
dnev@ bb O

8dnbb dn, @bb ﬂ

© |, 6 2NEdN ‘/ i,
SRVS 0,) = 8P(Tsm),§;"|o|nbb - AN, |

RVS @&L, 0 .dn, -dn,g,

8P( )g dnob dnev@bb

&L, 6 2NEdN
&P(T,.,) 6 |dn,, - dny, gl

® L, O AN, - dn,, g,

8P( )ﬂ dny, - dNg, @i

»

2NEdN

Thismay NOT bealarge number! »
|dnbb - dnev@bbl

when T, =T,
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Deep space maneuver summary

 Rdative error bar 1s estimated to be
2NEdN
|dnbb - dnev@bbl

»

» Theoretical estimate of error bar only considers detector
noise.

o Theoretical resultsrely strongly on the ansatz that RV (-
AON=RVSAQI).
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Issues related to striping MoDIs

a Y
~

When sceneis polarized, there will bean error in RVSinall AOI. This
so far is not captured in our calibration algorithm. The following
assessment assume that scene is un-polarized.

If RVSindeed is detector independent, as is expected on physical
ground, the error in RV S alone will not cause striping. (It is possible
that we missed something in our calibration algorithm due to lack of
under standing of the instrument physics, that RVSin fact is detector
dependent and RVY(-26.5) is different from RVY26.5).)

If thereiserror in RVS, the error will be minimum at the normalization
angle (AOI=AO0I of BB for TEB and AOI=AO0I of SD for RSB).

Combining RV S 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 RV S 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



,4

Outline W

| ntroduction
Polarization Formalism

Polarized Response Versus Scan Angle (RVS) for parallél
scanners like MODI S.

Parametric studies for parallel scannersfor protected silver
coated scan mirror sensors.

Polarization data (PC0O8) analysis report.
Summary
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Polarization of SIO, Protected
Silver-coated Scan Mirrors

100 -~ R N U T - == B !
~ 95 B
S %
8 1 E 0.96
% 1 -~ i s
= 9 )
3 ] L R E P
T , = 0.94
0 | ) B
B 85 . v 2
5 1 | S-Reflectance| | N = 092
5 1 | P-Reflectance| : , &
80 A = 11 um
] qo / = 09
AO0I=65.5° !
75 ] T T T T T T T T T T T 088 T T T T T
3 4 5 6 7 8 9 10 1 12 13 14 15 10 20 30 40 50 60
Wavelength (micrometers) Scan Mirror Angle-of-Incidence (degrees)

Polarized reflectances at 65.5 degr ee angle-of-incidence for the MODI S ProtoFlight Model silver
coated scan mirror protected with S\O, coating produced by Denton Inc. M easur ements
courtesy of British National Physical L aboratories.
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General Formalism for Single Optical
Element Relay of Polarized Light

All = L out(31 p) = M ><R((I))><I-|n(a"b)
>2' s
g@ +r o q-r 0 0 O
M ) - Optical element Mueller Matrix
M = l gq rog+r 0 0 - (+ sign for transmittance;
2 0 0 iZﬁ O - -signfor reflectance)
é 0 0 0 2Jorg
; a4 0 0 0
S . . Rotation Matrix to rotate
e R(q)) = ¢0 COS(Z(])) Sln(2q)) 0+ theincident ray (a,b) into
80 - sin(2¢) cos(29) 0% theoptical element coordinate (s,p)
€ e0 0 0 1o
Lin F L+L 9 &, * Ly
N S L (L
" &L L, cosl§, - )+ = - ¢ 0z L, +L,
82 L1L23in(82' 51)@ e L, o
Incoming polarized light ray Same Incoming polarized light ray Polarization factor:
represented by a Stokes vector in an represented by a Stokes vector in the define the degree of
arbitrary coordinate System (e,,e,) scene preferred coordinate system (a,b) polarization of the scene
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Polarization Formalism Applied to a
Multiple Optical Element System

Detector ° Astm(W)){Msm(ps’pp) >Rsm(¢)]>1‘in

CA=[(MR,) (M, R, )]

Fixed Optics A'
> is the fixed optics Mueller matrix, and Ry, () isrequired to
. rotate the s and p directions of the scan mirror into a set of
| M fixed coordinates, such that the fixed optics Mueller matrices
M, are scan angle independent. The final at-detector signal is

Mz S=D">L, =D XAxR,, (W) Mq, R, (0)] L,

S)

|
Msm
where D' isthe transposed detector vector. By defining the
e\ || system level Response Versus Scan-angle (RV'S) vector as

RVS[,0) =D' XA R, () Mg, R, (0)
Scan mirror Mg, polarization
(s,p) rotating w/r/t the fixed Then, the at-detector signal becomes
optics M, (s,p) with angle =y S:RVS(G,¢)>1_in(a,b)
Mg, isarotating Scan Mirror
with rotational angle =6. = RVS)(G’(P) ><(l—a + Lb) + RVSL(G’q))X(La - Lb)
= RVS,(6,0) (L, +Ls)

L = total scene radiance
(o]
RVS(8,0) 1 == RVS,, = effective RVS

where | RVS,(0.0) = RV§,(0.0) +RVS(6,0)F | and f=(L,- L,)/(L.+L,) POL-5
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RVS Formalism for
Parallel Scanner (1

For aparallel scanner: R, (v =0)=1,

thus  RVS,.(0)=D" A M, (p.(6).p,0)) R(0)

and RV, (6,0) =" Ps0) ;Pp(e) . Ps(0) —zpp(e)

U5 0.0) = § L2 4 2P cotan) 0 o T B (e

& 2 2

wheret = D %A, isthe fixed-opticstotal throughput (or optical efficiency)
and m=D;%A;, o =D %A, arefixed-optics polarization parameter

and p,(6), p,(0) arethescan mirror sand p reflectivity components

and |RVS,(0,0) = RVS,,.(0,0) + RVS,,.(6.¢)f| isthefinal effective system RVS
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RVS Formalism for a
Parallel Scanner (2

For aparallel scanner: ¢ =0, Rsm(¢ = o) =

Parallel Scanner:
Scan swath plane || incident plane thus RVSpara(e) - D" A stm(ps(e )’ pp(e))

0)+ 0 0) - 0
and RV ara(e):T XpS( )pr( )+n ><ps( )pr( )

0,(0)- Pol0) -, £:(0)* py6)
2 2

RV, (6) =1 »

an swath direction
 ———

RVS, (0) = RVS,,.(0) + RVS,,.(0) xf

Conclusion: The parallel scanner RV S depends on the scan angle g through the scan mirror polarized
reflectivities (p(q), p,(d)). For an unpolarized scene (i.e., f=0), the fixed-optics polarization (i.e., n* 0)
contributes to the system RV S for a polarized scan mirror (i.e., pg#p,), but does not for an unpolarized scan
mirror (i.e.,, p=p,), Therefore, the sensor RV'S function cannot be determined by simply measuring the
scan mirror average reflectivity, unless the fixed-optics polarization is near zero (i.e., n=0), or the scan

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

» Unpolarized Scene

e p.(6)+p (0 0)- p,(6)U
Parallel Scanner: S= Rvs;jara(e) X = €r xpS( )+ 0y )+n xpS( )~ Py )uxL
e 2 2 o
« Polarized Scene f10, P RV§ =RV§+fxRVG, S=RVGxL
Paralldl Scanner: S = RVS,(0) X =[RVS.,.(6) + RVS,, (6) x| xL

At-detector Signal due to ;.‘%

Conclusion: For unpolarized scenes, fixed-optics polarization will contribute to the RVS
when the scan mirror is polarized(i.e., pe#p,,). For polarized scenes, fixed-optics
polarization will contribute to the RV S for both polarized and unpolarized scan mirrors,
such that, sensor s calibrated to an unpolarized sour ce, with identical scan mirrorsand
different fixed-optics polarization characteristics, will not agree when viewing a
polarized scene.
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Parametric Study for a Parallel Scanner & ,

Remote Sensor ‘

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

e Scan mirror polarization (2 cases)
1) asilver-coated scan mirror (similar to the MODIS scan mirror)
2) agold-coated scan mirror (anear perfect unpolarized mirror with r&=r,=(r s+r)/2)
* Fixed-optics polarization (3 cases)
1) zero fixed optics polarization
2) 5% fixed-optics polarization (typical of afilter type spectroradiometer, e.g., MODIYS)
3) 70% fixed-optics polarization (typical of a grating type spectroradiometer)
e  Scene polarization (2 cases)
1) an unpolarized scene
2) 5% polarized scene
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Response versus Scan Angle for a ﬁ

‘

Silver-coated Scan Mirror Sensor ‘
Viewina an Unnolarized Scene

0.99

0.98

Fixed Optics Polarization=0
------ Fixed Optics Polarization=5%
—&— Fixed Optics Polarization=70%

0.97
| 11 um \
0.96

0-95 1 1 1 i i
10 20 30 40 50 60
Scan Mirror Angle of Incidence (Degrees)

RYS (normalized to unity at 107)
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Effective Response versus Scan Angle

1.00
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0.97
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Effective Response versus Scan Angle for a Silver-coated Scan ﬂ
Mirror Sensor Viewing a 5% Polarized Scene ‘
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—_
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PCO08 data analysis

For ageneral linear sensor, the system response to a polarized scene can be
FPe® s=Rv§ @)1+ f xa(0)cog2p +5(6))]

where Sisthe at detector signal, RVS, is the response versus scan angle for un-
polarized scene, 6 is the scan angle or angle of incidence (AQI), f isthe scene
polarization factor, a(0) is the amplitude of the system polarization response, d(0) is
the phase angle of the system polarization response, and ¢ is the scene polarization

direction angle measured with respect to the MODI S scan mirror plane of incidence,
namely when the polarization direction isin 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.
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Band 13 and 13high
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Band 14 and 14high

Band 14 side 1 polarization amplitude
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Compare for det 5 and
mirror side 1
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-
MoODis

o
Summary S

o PC 08 data generaly 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.

e 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

Det 15.5 15.5 26.75 38 49.25 60

1 0.0042 0.0025 0.0031 0.0025 0.0035 0.0064
2 0.0042 0.0034 0.0062 0.0028 0.0022 0.0074
3 0.0045 0.0019 0.0048 0.0045 0.0031 0.0077
4 0.0025 0.0017 0.0029 0.0037 0.0021 0.0089
5 0.0037 0.0026 0.0034 0.0026 0.0022 0.0075
6 0.0036 0.0029 0.0043 0.0042 0.003 0.0083
7 0.0029 0.0036 0.0028 0.0036 0.0015 0.0082
8 0.0031 0.0034 0.0024 0.0027 0.0022 0.0089
9 0.0022 0.003 0.0036 0.0036 0.0023 0.0075
10 0.0028 0.0023 0.0032 0.0023 0.0006 0.0086
1 0.0047 0.003 0.0023 0.0034 0.0027 0.0098
12 0.0027 0.0017 0.0024 0.0024 0.0021 0.0095
13 0.0022 0.0025 0.0028 0.0032 0.0027 0.0099
14 0.0017 0.0023 0.0023 0.0027 0.0021 0.0098
15 0.0035 0.0021 0.0021 0.0031 0.0015 0.0079
16 0.0026 0.0029 0.0028 0.0026 0.0013 0.0076
17 0.0022 0.0021 0.003 0.0038 0.0015 0.0096
18 0.0034 0.0028 0.0039 0.0023 0.0012 0.0079
19 0.003 0.0037 0.003 0.0032 0.0015 0.0098
20 0.0033 0.0027 0.0036 0.0021 0.0008 0.007
21 0.0029 0.0042 0.0035 0.0032 0.0013 0.0084
22 0.0033 0.0052 0.0033 0.0026 0.0012 0.0069
23 0.0033 0.003 0.0031 0.0024 0.0019 0.0109
24 0.0043 0.0045 0.0025 0.0013 0.0013 0.0074
25 0.0022 0.0021 0.0022 0.0019 0.0021 0.0098
26 0.003 0.003 0.0026 0.0021 0.0028 0.0093
27 0.0035 0.0033 0.0035 0.0027 0.0022 0.0093
28 0.0033 0.0029 0.0038 0.0037 0.0019 0.0087
29 0.004 0.0024 0.0035 0.0025 0.0016 0.0078
30 0.0038 0.0031 0.0044 0.0025 0.0029 0.0081
31 0.0037 0.0038 0.0045 0.0027 0.0017 0.0122
32 0.0029 0.0032 0.0033 0.0042 0.0023 0.0119
33 0.0026 0.0023 0.0035 0.0032 0.0028 0.0107
34 0.0042 0.0028 0.0027 0.0024 0.0019 0.0076
35 0.003 0.0035 0.0027 0.0021 0.0034 0.0087
36 0.0034 0.0036 0.0032 0.003 0.0019 0.009
37 0.0043 0.003 0.0034 0.0023 0.0007 0.0041
38 0.0042 0.0029 0.0039 0.0029 0.0015 0.0027
39 0.0069 0.005 0.0044 0.0027 0.0012 0.003 POL-18

40 0.0091 0.0085 0.0108 0.0086 0.0073 0.0098



et

D
1
2
3
4
5
6
7
8
9

15.5
0.0064
0.0038
0.0039
0.0016
0.0037
0.0026
0.0036
0.0041
0.0019
0.0016
0.004
0.0021
0.0019
0.0024
0.0037
0.0028
0.0028
0.0033
0.0032
0.0039
0.0035
0.004
0.0031
0.0037
0.0022
0.0042
0.0033
0.0035
0.0042
0.0027
0.0033
0.0028
0.003
0.004
0.0031
0.0023
0.0048
0.0041
0.0041
0.0053

Band 1, mirror side 2, amplitude

15.5
0.0018
0.0048
0.0041
0.0025
0.0023
0.0031
0.0028
0.0024
0.0027
0.0042
0.0031
0.0018
0.0024
0.0021
0.0023
0.0031
0.0027
0.0031
0.0028
0.0037
0.0039
0.0036
0.0028
0.0038
0.0024
0.003
0.0029
0.0034
0.0021
0.0027
0.0038
0.0027
0.0025
0.0029
0.0031
0.0031
0.0019
0.003
0.0073
0.0101

26.75

0.0044
0.0048
0.0045
0.0034
0.0045
0.0036
0.0042
0.0043
0.0037
0.0032
0.0051
0.0031
0.0032
0.0021
0.0049
0.003

0.0031
0.0043
0.0033
0.004

0.0046
0.0042
0.0042
0.0042
0.0027
0.0031
0.005

0.0029
0.0053
0.0044
0.0045
0.0039
0.0032
0.0046
0.0038
0.004

0.0036
0.0037
0.0091
0.0147

38
0.0021
0.0081
0.0056
0.0037
0.0046
0.0059
0.004
0.0047
0.0043
0.0038
0.0044
0.0036
0.0041
0.0032
0.0031
0.0042
0.0049
0.0047
0.0044
0.0036
0.0044
0.0067
0.0039
0.0036
0.004
0.0035
0.0056
0.0045
0.0046
0.0049
0.0043
0.0062
0.0038
0.0042
0.0039
0.0044
0.0054
0.0056
0.0091
0.0116

49.25

0.0028
0.0058
0.0045
0.0027
0.0028
0.0043
0.0031
0.0033
0.0043
0.0039
0.0042
0.0033
0.0037
0.0022
0.0029
0.0038
0.0031
0.0039
0.0035
0.003

0.0034
0.0043
0.0028
0.0034
0.0024
0.0037
0.0042
0.0035
0.0038
0.0041
0.0024
0.0046
0.0027
0.0038
0.0033
0.0022
0.0045
0.0048
0.0065
0.0052

60

0.0016
0.0024
0.0013
0.0016
0.0015
0.0024
0.0014
0.0013
0.0021
0.0024
0.0013
0.0011
0.0012
0.0011
0.0005
0.0007
0.0007
0.0013
0.0005
0.0009
0.0008
0.0014
0.0017
0.0021
0.0024
0.0014
0.0012
0.0013
0.0013
0.0018
0.0019
0.0023
0.0021
0.0016
0.0012
0.0022
0.0014
0.0018
0.0034
0.0101
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Det

ooo~NoOOUuhwN =

15.5
0.0085
0.01
0.0094
0.0098
0.0091
0.0087
0.0063
0.0063
0.0116
0.0063
0.0043
0.002
0.0028
0.0039
0.0023
0.0029
0.005
0.0042
0.0053
0.0065
0.0062
0.0052
0.0073
0.0058
0.0053
0.0067
0.0053
0.0044
0.0116
0.0046
0.0059
0.0054
0.0051
0.0076
0.0091
0.0027
0.0081
0.0079
0.004
0.0111

Band 2, mirror side 1, amplitude

15.5
0.0106
0.0114
0.0103
0.0087
0.0095
0.0077
0.0063
0.0071
0.0036
0.0057
0.0037
0.0015
0.0038
0.0039
0.004
0.0039
0.0047
0.0061
0.0059
0.0075
0.0057
0.0053
0.0036
0.0048
0.0107
0.0072
0.006
0.0053
0.004
0.0053
0.0058
0.0059
0.0028
0.0071
0.0049
0.0067
0.0085
0.0079
0.0032
0.0107

26.75
0.018
0.01
0.0082
0.0128
0.0059
0.0041
0.0128
0.0045
0.0023
0.0046
0.0045
0.0022
0.0033
0.0029
0.0038
0.0045
0.003
0.0029
0.0023
0.0042
0.0047
0.0038
0.002
0.0047
0.003
0.0048
0.005
0.0028
0.0026
0.0044
0.0052
0.0054
0.003
0.0069
0.0075
0.0056
0.0096
0.0103
0.0118
0.0194

38
0.0108
0.0124
0.0079
0.0179
0.0128
0.0047
0.0088
0.0088
0.0034
0.0052
0.0052
0.0071
0.0058
0.0056
0.0024
0.0032
0.0034
0.0038
0.0031
0.0017
0.0047
0.0024
0.0117
0.0045
0.0018
0.0052
0.005
0.0042
0.0062
0.0057
0.0068
0.0087
0.007
0.0067
0.0088
0.0107
0.0137
0.0138
0.0167
0.0201

49.25

0.0212
0.0205
0.0158
0.0216
0.0184
0.0154
0.014

0.0119
0.0053
0.0084
0.0104
0.0108
0.0108
0.0095
0.0046
0.0101
0.0091
0.0062
0.0068
0.006

0.0036
0.0079
0.0124
0.0092
0.0045
0.0101
0.0079
0.0124
0.0035
0.0107
0.0101
0.0114
0.0078
0.0131
0.0145
0.0171
0.019

0.0182
0.0236
0.0222

60
0.0346
0.0256
0.0218
0.0265
0.0236
0.0162
0.0188
0.0167
0.0107
0.0146
0.0149
0.0156
0.0173
0.0161
0.0117
0.0144
0.0126
0.0159
0.0126
0.0137
0.0123
0.0146
0.0129
0.0155
0.0073
0.0152
0.0142
0.0176
0.0131
0.0168
0.0156
0.0179
0.0135
0.0188
0.0176
0.0171
0.0239
0.0234
0.032
0.0364
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Det
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Band 2, mirror side 2, amplitude

15.5
0.0126
0.0106
0.0148
0.0083
0.0099
0.0072
0.0061
0.0069
0.0052
0.0069
0.0047
0.0042
0.0035
0.004
0.0025
0.0036
0.0049
0.0055
0.0063
0.0056
0.007
0.0055
0.0065
0.0054
0.0059
0.0069
0.0055
0.0058
0.0046
0.0045
0.0053
0.0055
0.0066
0.0069
0.0073
0.0034
0.009
0.0077
0.0042
0.0099

15.5
0.0104
0.0114
0.0052
0.0105
0.0067
0.0057
0.006
0.0054
0.0027
0.0047
0.0033
0.0067
0.004
0.0037
0.0021
0.0044
0.0054
0.0061
0.0062
0.0066
0.0068
0.0057
0.0043
0.0055
0.0071
0.006
0.007
0.0054
0.0034
0.0048
0.0053
0.006
0.012
0.0056
0.0085
0.0048
0.0087
0.0088
0.0144
0.011

26.75
0.018
0.0088
0.0081
0.0108
0.0099
0.0108
0.0058
0.0063
0.0018
0.0046
0.0035
0.0017
0.0028
0.0032
0.0014
0.0033
0.0025
0.004
0.0037
0.0053
0.0045
0.0026
0.0016
0.0051
0.0052
0.0049
0.0038
0.0029
0.0028
0.0024
0.0037
0.0063
0.0065
0.0073
0.0074
0.0073
0.009
0.0089
0.0044
0.0198

38
0.0164
0.0102
0.0061
0.0161
0.0093
0.0061
0.013
0.0075
0.0058
0.006
0.0042
0.003
0.0042
0.0039
0.0007
0.0047
0.0054
0.0022
0.003
0.0027
0.0028
0.0027
0.0099
0.0045
0.0035
0.0046
0.007
0.0039
0.0024
0.0059
0.0066
0.0068
0.0038
0.0076
0.0101
0.0073
0.0119
0.0114
0.0138
0.018

49.25
0.0196
0.019
0.009
0.0196
0.0155
0.0016
0.0163
0.0099
0.0053
0.01
0.0101
0.006
0.0099
0.0083
0.0067
0.0083
0.0076
0.0093
0.007
0.0052
0.008
0.0069
0.0292
0.0071
0.0054
0.0086
0.0117
0.0055
0.0097
0.0092
0.0107
0.0107
0.0044
0.0116
0.0134
0.0107
0.016
0.016
0.0208
0.0216

60
0.0334
0.0232
0.0194
0.0265
0.0216
0.0128
0.0194
0.0169
0.0085
0.0121
0.0164
0.0106
0.0172
0.0143
0.0085
0.0147
0.0133
0.0129
0.0134
0.0104
0.0109
0.0158
0.0149
0.0142
0.0065
0.0137
0.0157
0.0165
0.0254
0.0183
0.0167
0.0175
0.0107
0.0177
0.0166
0.0172
0.0218
0.0222
0.0243
0.0263
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Band 3, mirror side 1, amplitude

15.5

0.0122
0.0085
0.0068
0.0018
0.0036
0.0045
0.0029
0.0019
0.0036
0.0029
0.0028
0.0035
0.0038
0.0042
0.0025
0.0041
0.0045
0.0067
0.0064

0.0102

15.5
0.009
0.007
0.0065
0.0029
0.0014
0.003
0.0044
0.0034
0.0016
0.0051
0.0028
0.0029
0.0041
0.0034
0.0034
0.0056
0.0039
0.007
0.0057

0.0125

26.75

0.07145
0.011

0.0076
0.0057
0.0059
0.007

0.0075
0.0077
0.006

0.0086
0.007

0.0053
0.0072
0.0066
0.0069
0.0054
0.0081
0.0105
0.0123

0.0128

38
0.0142
0.0154
0.012
0.0091
0.011
0.0105
0.0112
0.0101
0.0088
0.0116
0.0101
0.0103
0.011
0.0094
0.07106
0.011
0.0144
0.0145
0.0139

0.0174

49.25

0.0237
0.0214
0.0186
0.0201
0.017

0.0179
0.0197
0.0171
0.0184
0.0175
0.0155
0.0154
0.0167
0.0158
0.0182
0.0203
0.0221
0.0217
0.0221

0.0293

60
0.033
0.0301
0.0282
0.0256
0.026
0.0283
0.0279
0.027
0.0273
0.0281
0.0252
0.0241
0.0265
0.0268
0.0275
0.029
0.0293
0.0316
0.0289

0.0326

POL-22
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Band 3, mirror side 2, amplitude

15.5
0.013
0.0072
0.0028
0.0065
0.0019
0.004
0.0017
0.0026
0.0026
0.0025
0.003
0.0037
0.0064
0.0034
0.0026
0.0038
0.0044
0.0045
0.0062
0.0125

15.5
0.0157
0.0057
0.0057
0.0024
0.0018
0.003
0.0059
0.0039
0.0028
0.004
0.003
0.0032
0.0038
0.0051
0.0058
0.0048
0.0051
0.0078
0.0053
0.0103

26.75

0.0746
0.0107
0.0079
0.0056
0.0031
0.0061
0.0055
0.0044
0.0048
0.0065
0.0047
0.0037
0.0064
0.0049
0.0052
0.0055
0.009

0.0087
0.0107
0.0142

38
0.07148
0.0155
0.0113
0.0117
0.0092
0.0109
0.0099
0.0087
0.0094
0.009
0.0098
0.07111
0.011
0.0089
0.0117
0.0104
0.0138
0.0134
0.011
0.0144

49.25

0.0213
0.0215
0.0171
0.0768
0.0148
0.0177
0.0768
0.0144
0.0144
0.0153
0.0138
0.07148
0.0157
0.0156
0.0768
0.0188
0.0194
0.0202
0.0194
0.0283

60

0.0302
0.0267
0.0249
0.0237
0.0219
0.0244
0.0236
0.0213
0.0223
0.0227
0.0214
0.0198
0.0226
0.0225
0.0247
0.0235
0.0265
0.0289
0.0269
0.0286

POL-23
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Band 4, mirror side 1, amplitude

15.5
0.0128
0.07105
0.0075
0.009
0.0093
0.0096
0.0097
0.0126
0.01
0.0114
0.0132
0.0123
0.0123
0.0129
0.0136
0.0119
0.07111
0.0094
0.0077
0.0081

15.5
0.0092
0.0118
0.0071
0.0077
0.0088
0.0097
0.0119
0.0134
0.0113
0.0119
0.0127
0.0123
0.0114
0.07109
0.0119
0.0105
0.0104
0.0078
0.008
0.0058

26.75
0.0087
0.0081
0.0061
0.0063
0.0066
0.0075
0.0106
0.0074
0.0073
0.0097
0.07111
0.0092
0.0094
0.0087
0.0083
0.0072
0.0086
0.0075
0.0076
0.01

38
0.0113
0.0092
0.0078
0.0064
0.0057
0.0053
0.0093
0.0055
0.0057
0.0073
0.0072
0.0073
0.0068
0.0075
0.0061
0.0059
0.0086
0.0076
0.008
0.0144

49.25

0.0135
0.0132
0.07116
0.0095
0.0069
0.006

0.0058
0.0036
0.0037
0.0042
0.0059
0.0046
0.0054
0.0068
0.0063
0.0083
0.07111
0.07116
0.0115
0.0184

60

0.0213
0.0213
0.0191
0.0164
0.0763
0.0141
0.0108
0.07106
0.0114
0.07111
0.07108
0.07109
0.0107
0.0117
0.0123
0.07148
0.0174
0.0186
0.0219
0.0213

POL-24
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Band 4, mirror side 2, amplitude

15.5
0.0122
0.0079
0.0083
0.0083
0.0105
0.0097
0.0102
0.0137
0.0121
0.011
0.0126
0.0125
0.0115
0.0124
0.0126
0.0114
0.0108
0.0082
0.0084
0.0112

15.5
0.0082
0.07109
0.008
0.0071
0.0105
0.0095
0.0113
0.0135
0.0116
0.0127
0.0132
0.0127
0.0126
0.0124
0.0123
0.07109
0.0093
0.0076
0.0078
0.0061

26.75

0.0093
0.0085
0.0082
0.0079
0.0076
0.0081
0.0106
0.0096
0.0085
0.07105
0.013

0.07109
0.0104
0.0114
0.07105
0.0089
0.009

0.0082
0.0087
0.0075

38
0.0112
0.0089
0.0077
0.0068
0.0058
0.0054
0.0084
0.0058
0.005
0.0067
0.0084
0.0074
0.0064
0.0073
0.0068
0.006
0.0074
0.0075
0.0107
0.07105

49.25
0.07115
0.0131
0.0107
0.0086
0.006
0.0047
0.0071
0.0032
0.0031
0.0043
0.0051
0.0044
0.005
0.0061
0.0054
0.0065
0.01
0.0099
0.0113
0.0182

60
0.0227
0.07196
0.0768
0.0144
0.0714
0.01
0.07109
0.0082
0.0085
0.0079
0.0082
0.0084
0.0088
0.0102
0.07106
0.0125
0.076
0.0768
0.07168
0.023

POL-25
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15.5
0.0434
0.0316
0.0359
0.0368
0.0457
0.0346
0.032
0.0313
0.0281
0.0318

15.5
0.042
0.0299
0.0364
0.0383
0.0425
0.0375
0.0316
0.0325
0.0261
0.025

Band 8, amplitude

15.5

0.0421
0.03

0.0364
0.0399
0.0445
0.0352
0.0351
0.0309
0.0291
0.0282

15.5
0.0414
0.0266
0.0336
0.0407
0.0446
0.0355
0.0354
0.0338
0.034
0.019

26.75
0.0453
0.0447
0.0461
0.0472
0.0509
0.043
0.041
0.039
0.041
0.0368

26.75

0.0376
0.0443
0.0464
0.0456
0.0483
0.0426
0.0388
0.0365
0.0419
0.0421

38
0.0596
0.0543
0.0477
0.0512
0.0551
0.049
0.0445
0.0406
0.0443
0.052

38
0.0531
0.045
0.0448
0.0505
0.0551
0.0499
0.0453
0.0416
0.045
0.0482

49.25

0.0561
0.0572
0.0566
0.057

0.0601
0.0564
0.0517
0.0485
0.0455
0.0593

49.25

0.0488
0.0535
0.0532
0.0535
0.0566
0.0515
0.0483
0.0437
0.0443
0.0555

60
0.0633
0.0641
0.065
0.0654
0.0672
0.0633
0.0616
0.0563
0.0607
0.0649

60
0.047
0.0579
0.0576
0.0576
0.0609
0.0573
0.0538
0.049
0.0532
0.0523

POL-26
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side=1
15.5
0.019
0.0151
0.0129
0.0144
0.0197
0.018
0.0168
0.0151
0.015
0.0152
side=2
15.5
0.0187
0.0078
0.0115
0.0152
0.0198
0.0185
0.0177
0.0152
0.019
0.0121

Band 9, amplitude

15.5

0.0174
0.0114
0.0133
0.0169
0.0196
0.0188
0.0184
0.0152
0.0191
0.0105

15.5

0.0177
0.01

0.0095
0.0164
0.0197
0.0179
0.0181
0.0183
0.0198
0.0133

26.75

0.07143
0.0201
0.0216
0.0242
0.0231
0.0232
0.0208
0.0204
0.0198
0.0256

26.75

0.0141
0.0191
0.0211
0.0233
0.0229
0.0219
0.0218
0.0185
0.0191
0.0238

38
0.033
0.0253
0.0218
0.024
0.0275
0.0271
0.025
0.0242
0.0225
0.0288

38
0.0321
0.0175
0.0207
0.0232
0.0268
0.028
0.025
0.0238
0.0212
0.0278

49.25
0.0307
0.0327
0.03
0.0294
0.0336
0.0336
0.0332
0.0312
0.0315
0.0356

49.25

0.0283
0.0309
0.0278
0.0273
0.0312
0.0314
0.0299
0.0289
0.0302
0.0335

60
0.0358
0.0405
0.0413
0.0433
0.0417
0.0417
0.0414
0.0409
0.0414
0.042

60

0.0315
0.0355
0.0362
0.0374
0.0374
0.0351
0.0383
0.0364
0.0369
0.0364

POL-27



band=10 side=1

Det

band=10
Det
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o

15.5
0.0069
0.0066
0.0084
0.0082
0.0079
0.0085
0.0079
0.0077
0.0064
0.0038
side=2
15.5
0.0093
0.0081
0.0086
0.0084
0.0082
0.0084
0.0082
0.0082
0.0067
0.0011

Band 10, amplitude

15.5
0.0069
0.0071
0.0083
0.0085
0.0084
0.0085
0.0083
0.0083
0.0073
0.004

15.5
0.0057
0.008
0.0082
0.0085
0.0084
0.0087
0.0079
0.0081
0.0067
0.0033

26.75

0.002

0.0024
0.0023
0.0038
0.0051
0.0056
0.0044
0.0044
0.0031
0.0073

26.75

0.0037
0.0038
0.0027
0.0053
0.0073
0.0059
0.006

0.006

0.0021
0.0059

38
0.0125
0.0057
0.0019
0.0005
0.0034
0.0048
0.0047
0.0049
0.005
0.0102

38
0.008
0.0053
0.0019
0.0009
0.0043
0.0055
0.0046
0.005
0.0066
0.0111

49.25

0.0744
0.0132
0.0082
0.0033
0.0072
0.0077
0.0091
0.0092
0.0139
0.0768

49.25

0.0126
0.0112
0.0063
0.0019
0.0057
0.0064
0.0073
0.0078
0.0129
0.0154

60
0.02
0.0224
0.0203
0.0182
0.0173
0.0173
0.0198
0.0213
0.0253
0.024

60
0.0158
0.0193
0.0763
0.0141
0.0143
0.0148
0.014
0.07144
0.07194
0.0204

POL-28



band=11
Det

band=11
Det
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side=1
15.5
0.0095
0.0059
0.0029
0.0029
0.003
0.0013
0.0033
0.0026
0.0015
0.0084
side=2
15.5
0.0126
0.0042
0.0042
0.0019
0.0039
0.0021
0.0042
0.0019
0.0023
0.0084

Band 11, amplitude

15.5
0.0073
0.0052
0.0011
0.0038
0.0045
0.0034
0.004
0.0024
0.0026
0.0074

15.5

0.0063
0.0045
0.0029
0.0028
0.0043
0.0037
0.0043
0.0028
0.0029
0.0092

26.75

0.0089
0.07106
0.0062
0.0043
0.0056
0.0032
0.0022
0.0032
0.0025
0.0101

26.75

0.0088
0.0092
0.0057
0.0049
0.0068
0.0029
0.0023
0.0033
0.0011
0.0097

38
0.0151
0.0746
0.0097
0.0093
0.0097
0.006
0.0064
0.0073
0.0063
0.0143

38
0.0114
0.0136
0.0094
0.0086
0.008
0.0071
0.006
0.0072
0.0063
0.0151

49.25

0.0226
0.0188
0.0124
0.0123
0.0123
0.0117
0.0129
0.0118
0.0166
0.0217

49.25

0.0209
0.07169
0.07108
0.07111
0.0108
0.0099
0.0102
0.0103
0.0169
0.07194

60

0.0253
0.0295
0.0256
0.0215
0.0206
0.0761
0.0167
0.0191
0.0204
0.0287

60
0.0264
0.0265
0.0218
0.0185
0.0191
0.0136
0.014
0.0173
0.018
0.0259

POL-29



band=12 side=1

Det

band=12
Det
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o

15.5
0.0012
0.0021
0.0035
0.0075
0.0067
0.0085
0.01
0.0097
0.0059
0.0137
side=2
15.5
0.0036
0.0018
0.0038
0.0078
0.0067
0.0083
0.0095
0.0098
0.0064
0.0139

Band 12, amplitude

15.5
0.0033
0.001
0.0054
0.0082
0.0073
0.0081
0.0087
0.01
0.0055
0.0041

15.5

0.0031
0.0039
0.0057
0.0084
0.0074
0.0086
0.0085
0.0093
0.0068
0.0042

26.75

0.0088
0.0032
0.0037
0.008

0.0093
0.0108
0.07105
0.0049
0.0084
0.0057

26.75
0.0082
0.0029
0.0032
0.0059
0.01
0.07111
0.01
0.0063
0.0068
0.0056

38
0.0125
0.0082
0.003
0.0011
0.0017
0.0008
0.0036
0.0032
0.0065
0.0096

38

0.0096
0.0066
0.0022
0.0009
0.0025
0.0021
0.0037
0.0032
0.0056
0.0102

49.25

0.0762
0.07115
0.0057
0.0024
0.002

0.0025
0.0062
0.0067
0.0136
0.0761

49.25

0.07145
0.008

0.0045
0.0012
0.0017
0.0028
0.0041
0.0048
0.0126
0.0135

60

0.0271
0.0205
0.0762
0.0114
0.0085
0.0081
0.07105
0.0134
0.0176
0.0232

60
0.0236
0.0171
0.074
0.0084
0.006
0.0057
0.0074
0.011
0.0749
0.0204

POL-30



band=13 side=1

Det

band=13
Det
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15.5
0.02
0.0154
0.0142
0.0104
0.0066
0.0037
0.005
0.0061
0.0079
0.0152
side=2
15.5
0.0219
0.0157
0.0127
0.0107
0.0065
0.0038
0.0046
0.006
0.0064
0.0126

Band 13, amplitude

15.5
0.019
0.015
0.0124
0.0102
0.0059
0.0036
0.0041
0.0054
0.0073
0.0156

15.5
0.018
0.0155
0.0122
0.0079
0.0058
0.0032
0.0037
0.0052
0.0072
0.0157

26.75

0.0192
0.0171
0.0186
0.0129
0.0088
0.0067
0.0053
0.0055
0.0086
0.0186

26.75

0.0172
0.0156
0.0176
0.0126
0.0085
0.006

0.0052
0.0057
0.0084
0.0198

38
0.0239
0.0213
0.0201
0.0192
0.0121
0.009
0.0082
0.0079
0.0108
0.0235

38
0.0225
0.0204
0.0181
0.0175
0.0113
0.0085
0.008
0.0075
0.07111
0.0225

49.25

0.0248
0.026

0.0339
0.0269
0.0179
0.07145
0.0129
0.0078
0.013

0.0275

49.25

0.024

0.0249
0.0323
0.0247
0.0766
0.0131
0.0122
0.008

0.0157
0.0255

60
0.0413
0.0375
0.0415
0.0404
0.0278
0.0211
0.012
0.0136
0.0096
0.0342

60
0.04
0.041
0.0429
0.0398
0.0264
0.0193
0.0127
0.0114
0.0128
0.0336

POL-31



band=13h side=1

Det 15.5
1 0.0157
2 0.0171
3 0.0167
4 0.0152
5 0.0144
6 0.0097
7 0.0079
8 0.0091
9 0.013
10 0.0205
band=13h side=2
Det 15.5
0.0213
0.0176
0.0172
0.0161
0.0155
0.0092
0.0082
0.0088
0.0149
0.0207

Qoo ~NoOcCUuph~hWwWN —
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Band 13 high, amplitude

15.5
0.0201
0.0157
0.0173
0.0714
0.0129
0.0081
0.0076
0.0093
0.0133
0.02

15.5
0.0202
0.0159
0.0181
0.07106
0.0122
0.0079
0.008
0.0089
0.0124
0.0201

26.75

0.0267
0.0181
0.0159
0.0132
0.0138
0.0107
0.0093
0.0099
0.0195
0.0257

26.75

0.0272
0.0179
0.0138
0.0131
0.0138
0.07105
0.0101
0.0099
0.019

0.0277

38
0.0219
0.0192
0.0203
0.0175
0.0177
0.07145
0.0126
0.012
0.018
0.0252

38
0.0209
0.0205
0.02
0.07169
0.0136
0.0139
0.0114
0.0114
0.0175
0.0252

49.25

0.0229
0.07169
0.0232
0.0171
0.0181
0.0172
0.0768
0.017

0.0189
0.0299

49.25

0.022

0.0158
0.022

0.0768
0.0175
0.07166
0.07162
0.0164
0.0202
0.0294

60
0.0423
0.0321
0.031
0.026
0.0245
0.0231
0.0215
0.0205
0.0279
0.0374

60
0.042
0.0322
0.0273
0.0248
0.0247
0.0233
0.0215
0.0214
0.0301
0.0385

POL-32



band=14 side=1

Det

band=14
Det
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15.5
0.0198
0.0131
0.0092
0.0065
0.0058
0.0045
0.0026
0.0051
0.0068
0.024
side=2
15.5
0.02
0.0134
0.0094
0.0049
0.0042
0.0028
0.0027
0.0052
0.0071
0.0164

Band 14, amplitude

15.5
0.0194
0.0125
0.0082
0.0049
0.0041
0.0029
0.0025
0.0051
0.007
0.0252

15.5
0.0206
0.0126
0.0088
0.0044
0.0032
0.0027
0.0023
0.0049
0.007
0.0176

26.75

0.0201
0.07169
0.07111
0.0087
0.0055
0.0062
0.007

0.0079
0.0123
0.0213

26.75

0.0185
0.0153
0.07111
0.0089
0.0068
0.008

0.0072
0.0084
0.0115
0.0194

38

0.0208
0.0182
0.0142
0.0103
0.0099
0.0084
0.0091
0.0097
0.0135
0.0209

38
0.07196
0.018
0.0746
0.0109
0.0082
0.0086
0.0094
0.0092
0.0131
0.0204

49.25

0.0201
0.0151
0.076

0.0077
0.0101
0.0092
0.0057
0.07106
0.0136
0.0224

49.25
0.0212
0.07163
0.0173
0.009
0.0114
0.07105
0.007
0.012
0.0159
0.0242

60
0.0258
0.0215
0.021
0.0153
0.0101
0.0094
0.0118
0.0124
0.0171
0.0238

60

0.0285
0.0273
0.0215
0.0185
0.0156
0.0152
0.0154
0.0163
0.0198
0.0255

POL-33



band=14h side=1

Det 15.5
1 0.0051
2 0.0074
3 0.0064
4 0.0078
5 0.0067
6 0.0069
7 0.0087
8 0.0079
9 0.0094
10 0.0111
band=14h side=2
Det 15.5
0.005
0.0061
0.006
0.0072
0.0067
0.0082
0.0083
0.0086
0.0101
0.0123

Qoo ~NoOcCUuph~hWwWN —

o

Band 14 high, amplitude

15.5
0.0052
0.0054
0.006
0.0076
0.0071
0.0086
0.0087
0.0084
0.0097
0.07142

15.5
0.0047
0.0069
0.0059
0.0074
0.008
0.0082
0.009
0.0085
0.009
0.07148

26.75

0.0079
0.0045
0.0041
0.0055
0.0096
0.0091
0.0067
0.0088
0.0086
0.0078

26.75

0.0067
0.0044
0.0038
0.0048
0.0064
0.0058
0.0082
0.0079
0.0085
0.0072

38

0.0082
0.0055
0.0071
0.0058
0.0069
0.0077
0.0078
0.0092
0.0095
0.0082

38
0.0039
0.0037
0.006
0.0048
0.0055
0.0068
0.0066
0.0071
0.0077
0.0063

49.25

0.0104
0.0174
0.0097
0.0175
0.0141
0.0144
0.0165
0.0116
0.014

0.012

49.25

0.0068
0.0122
0.0052
0.0133
0.0076
0.0081
0.0116
0.0094
0.009

0.0101

60
0.02
0.0761
0.0762
0.0172
0.0211
0.0216
0.0178
0.0191
0.0207
0.0205

60

0.0101
0.0066
0.0064
0.0068
0.0107
0.0107
0.0086
0.0113
0.07109
0.0091

POL-34



band=15 side=1

Det

band=15
Det

Qoo ~NoOcCUuph~hWwWN —

o

15.5
0.0077
0.0034
0.0018
0.0076
0.0024
0.0056
0.0055
0.0062
0.0057
0.0074
side=2
15.5
0.0062
0.0033
0.0015
0.0044
0.0013
0.0047
0.0053
0.0048
0.0055
0.0071

Band 15, amplitude

15.5
0.0023
0.002
0.0053
0.0053
0.0033
0.0033
0.0061
0.0057
0.005
0.07109

15.5

0.0042
0.0028
0.0003
0.0031
0.0037
0.0031
0.0047
0.0057
0.0061
0.07104

26.75

0.0058
0.0037
0.002

0.0024
0.0058
0.0076
0.0047
0.0095
0.0063
0.0086

26.75

0.0035
0.0038
0.0022
0.0014
0.0037
0.006

0.0042
0.0051
0.0049
0.0044

38
0.0043
0.005
0.006
0.0035
0.0067
0.0058
0.0072
0.0069
0.0069
0.0064

38

0.0045
0.0034
0.0014
0.0007
0.0026
0.0027
0.0042
0.0076
0.0049
0.0027

49.25

0.0112
0.0144
0.0095
0.0181
0.0154
0.0156
0.0161
0.0106
0.07142
0.0133

49.25

0.0061
0.07115
0.0052
0.014

0.0081
0.0086
0.0132
0.0071
0.0095
0.0098

60

0.0256
0.0241
0.0228
0.0211
0.0247
0.0276
0.0214
0.0256
0.0253
0.0223

60
0.0137
0.0137
0.0117
0.0112
0.076
0.0178
0.0117
0.0161
0.0154
0.0113
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band=16 side=1

Det

band=16
Det

Qoo ~NoOcCUuph~hWwWN —

o

15.5
0.0067
0.0156
0.012
0.0105
0.0118
0.0125
0.0106
0.007
0.0079
0.0111
side=2
15.5
0.0081
0.0097
0.0146
0.0119
0.0165
0.0115
0.0052
0.0068
0.0076
0.0116

Band 16, amplitude

15.5
0.0091
0.0127
0.0173
0.0118
0.0083
0.015
0.0098
0.07145
0.0092
0.008

15.5

0.0075
0.0123
0.0159
0.0127
0.0092
0.0123
0.0126
0.0148
0.07145
0.0089

26.75

0.0139
0.0117
0.07106
0.0142
0.0074
0.0137
0.0158
0.0104
0.0094
0.07109

26.75
0.0102
0.0093
0.011
0.0065
0.0106
0.01
0.0082
0.0055
0.0041
0.0062

38
0.0107
0.0746
0.0134
0.0217
0.0131
0.0165
0.0198
0.019
0.0741
0.011

38
0.01
0.0125
0.0122
0.0177
0.0089
0.0187
0.0134
0.0114
0.0106
0.0114

49.25

0.0212
0.0189
0.0201
0.0246
0.019

0.0208
0.0222
0.0232
0.0198
0.0118

49.25

0.0768
0.07165
0.0766
0.0218
0.0159
0.0194
0.0176
0.0153
0.07111
0.0114

60
0.033
0.0326
0.0317
0.0338
0.0326
0.0367
0.0325
0.0332
0.0319
0.0261

60

0.0276
0.0254
0.0271
0.0265
0.0295
0.0289
0.0233
0.0237
0.0223
0.0172

POL-36



band=17 side=1

Det

band=17
Det

Qoo ~NoOcCUuph~hWwWN —

o

15.5
0.003
0.0057
0.0079
0.0052
0.0089
0.0042
0.0023
0.004
0.0064
0.0072
side=2
15.5
0.0041
0.0035
0.0067
0.0078
0.0041
0.0072
0.0056
0.0064
0.0068
0.008

Band 17, amplitude

15.5

0.0061
0.0059
0.0069
0.0073
0.0053
0.0063
0.0066
0.0075
0.0068
0.07146

15.5

0.0024
0.0067
0.0057
0.0059
0.0044
0.0068
0.0071
0.0065
0.0061
0.0017

26.75

0.0039
0.0066
0.0066
0.0063
0.0067
0.0058
0.0047
0.0069
0.0074
0.003

26.75

0.0051
0.0036
0.005

0.0053
0.0061
0.0027
0.0018
0.0034
0.0045
0.0048

38
0.0062
0.0082
0.0086
0.0082
0.0083
0.0084
0.0097
0.0096
0.009
0.0044

38
0.003
0.0057
0.0063
0.0068
0.0062
0.0045
0.0038
0.0054
0.0055
0.0047

49.25

0.0119
0.0764
0.07149
0.0746
0.0139
0.013

0.0143
0.07142
0.0143
0.0059

49.25

0.0083
0.0107
0.0098
0.0104
0.0108
0.008

0.0082
0.0101
0.0126
0.0029

60
0.0258
0.0273
0.0279
0.0272
0.029
0.0265
0.0246
0.025
0.0259
0.0217

60
0.019
0.0192
0.0196
0.0205
0.0189
0.0187
0.0178
0.0177
0.0171
0.0107

POL-37



band=18 side=1

Det

band=18
Det

Qoo ~NoOcCUuph~hWwWN —

o

15.5
0.4696
0.1397
0.2641
0.1964
0.0236
0.165
0.271
0.1963
0.1609
0.2509
side=2
15.5
0.3886
0.0672
0.714
0.3765
0.7624
0.4768
0.3404
1.59
0.5677
0.3695

Band 18, amplitude

15.5

0.2968
0.3679
0.8415
0.3002
0.1658
0.7418
0.2558
0.3848
0.3077
0.2144

15.5

0.1561
0.1728
0.1839
0.0448
0.0783
0.1539
0.0994
0.0669
0.1406
0.1625

26.75

0.2911
0.2139
0.758

1.0284
0.6688
0.4146
0.2431
0.1942
0.498

0.2419

26.75

0.5657
0.0406
0.2472
0.0693
0.0862
0.1474
0.2722
0.1116
0.0694
0.1605

38

0.4639
0.1194
0.1381
0.2904
0.4969
0.3736
0.3029
0.0663
0.1125
0.3096

38
0.4683
0.179
0.1536
0.1784
0.2274
0.392
0.0514
0.1582
0.1866
0.1711

49.25
0.4394
0.3712
0.1436
0.242
0.5966
0.8446
0.429
0.1779
0.2063
0.538

49.25

0.1842
0.0551
0.1663
0.0621
0.0875
0.265

0.0579
0.2082
0.2074
0.1683

60
0.4975
0.3806
0.399
0.0421
0.3645
1.175
0.2093
0.3613
0.301
0.2744

60

0.0482
0.0861
0.1327
0.2461
0.0824
0.0607
0.2411
0.3456
0.2654
0.2476

POL-38



band=19 side=1

Det

Ooo~NoOTU phhWN —

1

band=19
Det

oo ~NoOCUuPh~hWN —

o

0

15.5
0.021
0.0159
0.0142
0.0105
0.0062
0.0039
0.0049
0.0063
0.0083
0.0152
side=2
15.5
0.021
0.015
0.0129
0.0107
0.0065
0.004
0.0049
0.0064
0.0075
0.0123

Band 19, amplitude

15.5
0.0195
0.0155
0.0128
0.0104
0.0061
0.0036
0.0041
0.0056
0.008
0.0155

15.5

0.0191
0.0154
0.0121
0.0078
0.0058
0.0032
0.0037
0.0055
0.0074
0.0761

26.75

0.0194
0.0172
0.0193
0.0133
0.009

0.0068
0.0054
0.0056
0.0089
0.0184

26.75

0.0177
0.07165
0.0176
0.0121
0.0083
0.006

0.0054
0.0058
0.0083
0.0195

38

0.0232
0.0211
0.0197
0.0194
0.0124
0.0089
0.0086
0.0079
0.0107
0.0234

38
0.0223
0.0212
0.0175
0.0174
0.0115
0.0084
0.0079
0.008
0.07106
0.0225

49.25

0.0256
0.026

0.0343
0.0262
0.0175
0.0144
0.0132
0.0077
0.0165
0.0276

49.25

0.0241
0.0251
0.0322
0.0248
0.0768
0.0133
0.0121
0.008

0.0156
0.0257

60
0.0419
0.0376
0.0427
0.041
0.0277
0.0222
0.0128
0.0141
0.0106
0.0341

60
0.0405
0.0403
0.043
0.0399
0.027
0.0201
0.0137
0.0116
0.0122
0.0337

POL-39



B21 Calibration (Preliminary)

« B21 Calibration Information

— Specified Lmax = 86.0 Watts/m?/sr/mm (Tmax = 500K)

— BCS at 340K produces radiance = 2.9 Watts/m?/sr/mm
— Band 21 specified radiance uncertainty at Lmax = £10%

 B21 Pre-launch Calibration Summary
— Different approaches for T, evaluation

o B21 Initial On-orbit Calibration
— Evaluate changes from pre-launch to on-orbit using OBC BB
— New coefficients derived due to Itwk/VVdet setting change
— New Tgat
— Moon in space view port (M-SV)

B21-1



B21 Calibration (pre-launch)

 Three methods used to determine B21 fixed gain at
prelauch:
— Pagano method: extrapolation of detector voltage
e Tsat=471K

— Young
e Tsat = 464K
— Chiang method: SpMA RSR response for Bands 20-23
« B20 --> Tsat = 456K
e B22 --> Tsat =470K
» B23 --> Tsat = 464K

— Xiong'’s linear extrapolation of linear gain from BCS@340K
e Tsat=475K

 L1B uses LUT with fixed b1l determined from TV RC02
— Each detector treated independently (no mirror side difference)

B21-2



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



On-orbit B21 Calibration from OBC BB

e New coefficients

* New TSAT Detetor <b1> T_sat (K)
1 0.01131 455
2 0.01595 476
3 0.01663 478
4 0.01587 475
5 0.01613 476
6 0.01613 476
7 0.01612 476
8 0.01633 477
9 NA NA
10 0.01660 478

 Responses variation

B21-4



b1/b1@059 1820

1.04
1.03
1.02
1.01

0.99
0.98
0.97
0.96
0.95
0.94

B21 Responses from OBC BB at Different Time

*>

L oL b

o oM @, + O
o

ST

Detector

10

Itwk/Vdet=110/226

+ 059.1820
o 069.1220
s 076.1625
x 083.1320
© 092.1200
+099.1200
x 107.1000
- 113.1200
- 121.1200
e 128.1200
+ 135.0830
4 141.1820
= 147.1100
+ 153.1200
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B21 Calibration using M-SV
(in process)

Band 31 and 21 {Channel 5 Procuct Order) During 84/20:20 Moan Yiew Event

=1
mand 31 gond

gEOC

zo0<

4502

1ol

500
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Co-Registration

« MCST Results
— Using moon in space view port (M-SV)
— SRCA

e SDST Results

Reg-1



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



Algorithm Concept

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

Reg-3



Results from the
March Lunar view

Band.Channel
8 10 12 14 16 18 20
150 : ‘ ‘ L ‘
100
us] ||
3 M
us] ||
T o, ® w L A |AC-pre-launch
» 0 - M Lunar-day84
E =™ | © SRCA-day75
- ]
£ -50
=
]
-100
-150
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Additional Results - Similar Approach,
Different Implementation

band 8 9 10 11 12 13
collect_1 0 -0.009 -0.019 0.008 0.033 0.004
collect_2 0 -0.014 -0.019 0.003 0.025 0.003
band 14 15 16 17 18 19
collect_1 0.023 0.027 0.025 0.029 -0.009 -0.011

collect_2 0.027 0.028 0.028 0.036 0.001 -0.022
band 20 21 22 23 24 25
collect_1 -0.135 -0.145 -0.107 -0.152 -0.111 -0.125
collect_2 -0.115 -0.141 -0.076 -0.131 -0.085 -0.099
band 26 27 28 29 30

collect_1 0.083 -0.172 -0.121 -0.099 -0.136

collect_2 0.162 -0.11 -0.083 -0.066 -0.123

band 31 32 33 34 35 36
collect_1 -0.039 -0.014 -0.024 0.004 0.001 0.006
collect_2 -0.009 0.043 0 0.041 0.039 0.053.

This implementation less dependent on sharp lunar edge across focal
plane and is able to obtain registration for TEB as well.
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Preliminary Results for Band—-to—Band Registration
from Image Correlation Method

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

BBR-1


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.
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Defination of Shifts

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

different spectral bands.

bl b2

-

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

bl

b2

y

b. Positive shift for b2 relative
to bl in track.
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Results

One day results (day 103)

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.

Ten day results (days 86 — 95)

1. Average shifts and their standard deviations.

BBR-4
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Scan Shift (meters), Day 103
1 2 3 4 5 §) 4 3
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
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Track Shift (meters), Day 103

1 2 3 4 5 6 4 3
1 - 1.3 9.0 7.5 45.9| 39.4 | 40.3 | 27.5
2 - - 3.8 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 26| -2.8 3.6
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

BBR-6
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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 1 -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.
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Track Shift (meters), Day 103

29 30 31 32 33 34 35 36
29 - -7.5128.6 1 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 50| 49| -45]-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

BBR-8
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Bands 2 & 1

10-day Average Shifts and Standard Deviations

BBR-10
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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 200m 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 results shown for bands 21-26 .
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Band-to-band co-registration using the SRCA
spatial mode






Reticles and CARFs of SRCA in spatial mode
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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 prelaunchin TV,

"~ Therepeatability of the four tests on-orbit is +10m for both along-scan and
along-track.



Summary -- on-orbit shift

The range of channel/band shifts relative to Nominal for each FPA is
summarized as follows (Averagetvariation range) in meters:

FPA Day#060 Day#075 Day #089 Day #096
Along-scan VIS 16+15 15+12 1+6 -2+6
NIR 0+8 -1+8 0£8 1+8
SMWIR 21453 20453 9155 12455
LWIR -11+40 -7+36 -17+40 -13+38
Along-track VIS 48+19 42114 34+13 35114
NIR -919 -818 -818 -818
SMWIR -45+15 -45+15 -42+19 -45+16
LWIR -61+20 -55+18 -55+17 -52+16




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.
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Summary -- FPA co-registration

Co-registration (km)
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Definition
© Shift; Position measured relative to band 1 for the same channel
without | AC bias correction.

" Co-registration: Position measured relative to band 1 for the same
channel with SRCA bias correction based on |AC 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.



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.



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

Shift along-scan (km)
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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 t« Day#096
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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 pointsin each FPA are in the same sequence as band location in the FPA.
FPASs 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 pointsin each FPA isin 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 pointsin each FPA are in sequence of band location in the FPA.
Figures show that the band snhift 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.

" Thevaluesin the tables should be interpreted as:

BT B2 B3 B4 B5 B6 B7 B8 B9 B1l0
Bl O SA
B2 0

" If SA isapositive value, then B2(column)B1(row) value meansthat B2 is shifted

by a amount of SA in along-scan (along-track) direction relativeto 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 Band-to-band coregistration along-track
(average of Day#089/096) (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|
Bl| o 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 o |1 | 7| 77| 76 4 1| 17 | 122 | 37 | 18 | 47 | 53 | 65 | 64 5 | -21 4 16 | 46 | -79 | 54 | 75 | 53 | 64 | 56 | -87 | 64 | 36 | 30 | -a6 | -68 | 61 | -57 | 18 | 47
B4 0 88 | 8 | 88 | 15 12 5 0 49 | 29 | 59 | 65 | 77 | 75 7 |10 | 16| 27 | 3| -67)| 65 | 86 | 64 | -53 | 44 | -76 | 53 | -24 | 41 | 34 | 57 | -50 | -46 | 29 | 59
B5 0 1 o|-72|-75| 93| 88| -39 | 59| 20| 23| -11 | -12 | 81 | -98 | -72 | -60 | -122 | -155 | -22 2 | 24 | -141| -132 | -164 | -141 | -122 | -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 | 72 | 49 | 68 | -60 | -91 | 68 | 40 | 26 | -49 | -72 | 65 | -61 | 14 | 43
B9 o | -18| 13| 36 | 17 | 46 | 52 | 64 | 63 6 | -22 3 15 | 47| 80 | 53 | 74 | 52 | 65 | 57 | -88 | 65 | 37 | 29 | -4a7 | -69 | 62 | 58 | 17 | 46
B10 0 5 54 | 34 | 64 | 70 | 82 | 81 | 12 5 | 21| 3|3 | 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 | -a5 | 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 o | 69| 85| 60 | -48 | -120| -143| -10 | 11 | -11 | -128 | -120 | -151 | -128 | -100 | -34 | -109 | -182 | -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 | -a7 | 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 | -3 | 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 | 183 | 132 | 14 | 23 8 | 15 | 43 | 109 | 33 11 | 18 | 22 | 97 | 126
B24 0 21 -1 | -118| -120 | -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| -127 | -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 | 9 | 126
B31 0 66 | -10 | 33 | 25 | -21 | 53 | 83
B32 o | -75| 98| 91| -87 | -12 | 17
B33 0| -23| 15| -12| 63 | 93
B34 0 7 1 | 86 | 115
B35 0 4 79 | 108
B36 0 75 | 104
B37 0 30
B38 0
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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 v 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 7 150 | -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 v 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 7 151 | -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 e 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



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 nm.
Some changes of band response profiles are observed.



SRCA monochromator parameters are normal

"~ The monochromator parameters determine the wavelength scale and are
used to convert grating step number into wavel ength.
- Thetwo 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 b g_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
VFE hot.30W 15.05 0.004
VFE_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




Average center wavelength and shift from Nominal to orbit (1)

The averaged band center wavelength shifts from prelaunch Nominal plateau

are lessthan 0.4nm for | <1mm. 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 4




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

Wavelength shift (nm)

e o

PFM band centroid wavelength shift from Nominal
plateau, Band 1

St AT A e !

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Channel

\ —a— VF_cold —— VF_Hot —%— Day#061 —e— Day#049 \

Wavelength shift (nm)

1
0.8
0.6
0.4 X
0.2 1

0
-0.2 A,
0.4 | Josexloutex ] K1
-0.6
-0.8 X
1

PFM band centroid wavelength shift from Nominal
plateau, Band 2

e

A K‘J
AA < 3
ey

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Channel

| —&—VF_cold —»—VF_Hot ——Day#061 —6— Day#049 |

Wavelength shift (nm)

L9000
PoOOBRMNONDMOO®OE

oo oo

PFM band centroid wavelength shift from Nominal
plateau, Band 3

1 2 3 4 5 6 7 8 9 1011121314 1516 17 18 19 20

Channel

—&—VF_cold —%—VF_Hot —%— Day#061 —6— Day#049

Wavelength shift (nm)

1
0.8
0.6
0.4

0.29@

0

-0.2
-0.4
-0.6
-0.8

-1

PFM band centroid wavelength shift from Nominal
plateau, Band 4

1 2 3 45 6 7 8 9101112 1314 1516 17 18 19 20

Channel

—a— VF_cold —%—VF_Hot —— Day#061 —6— Day#049




Center wavelength shift variation over channels
Comparison between prelaunch to orbit (2)

PFM band centroid wavelength shift from Nominal
plateau, Band 8

PFM band centroid wavelength shift from Nominal
plateau, Band 9
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Center wavelength shift variation over channels
Comparison between prelaunch to orbit (3)

Wavelength shift (nm)
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Center wavelength shift variation over channels
Comparison between prelaunch to orbit (4)

PFM band centroid wavelength shift from Nominal
plateau, Band 16
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Center wavelength shift variation over channels
Comparison between prelaunch to orbit (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 isnormal. 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 alarge variation.

11



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 dlit function of the SRCA monochromator has not changed.
" The recovered band response is limited to the wavel ength range that the
SRCA measures and is compared with that MODI S band response
measured by the Spectral Measurements Assembly (SpMA) for wavelength
<lmm.
"~ The reconstruction is not given for band 2 due to the change of dlit 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 shest).

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)

Relative response
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