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l Basic equations to retrieve*RVS 

l Drifting of the linear coefficient b, 

l Error sources and analysis in RVS retrieval 

l RVS fitting equation and procedure 



Basic RVS retrieval equations (1) 

where 15 is the MODIS fixed optics total throughput, and L is the 
Planck function radiance integrated over each bandwidth. 



Basic RVS retrieval equations (2) 

(Eq.1) - (Eq.3) gives 
. 

(Eq.2) - (Eq.3) gives 

4 l ~%bc + (Ls 

- L,, ) . RVS,,, + a2 l dnzb, = (E l Lobe - L, ) l RVS,,, 

mm 
where 

b, = a, + 2a, l DN,,, (Eq.7) 



Basic RVS retrieval equations (3) 
(Eq.5) / (Eq.6) gives 

Rvsbcs � l Lobe - LSrn dnbCS . 

RVS,,, = Lbcs - L?l l dy2,bc 

1 

. 

+A > 2 @q-8) 

where correction due to temperature difference between sm and svs is 

A 1= 

RvsS,S l ( LSh? - LSVS) 

l 

( 

dn 

4 l dnbcs l dnobc 

bcs - dn > obc 

and the correction due to non-linear term is 

A -.S. dn 
2- 

b ( bcs - dn > obc 

1 

(W-9) 
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Drifting of linear coefficient b, 

As shown in (Eq.7) 
. 

b, = a, + 2a, l DN,,, 

where the a, is a function of FPA temperature, and DN,,, drifts as 
background fluctuates, thus, b, will fluctuate as DN,,, and FPA 
temperature drift, and hence needs to be retrieved scan by scan as 

b, = RVS,,, 
’ ’ Lobe - 

dn obc 

+ higher order terms, (Eq*ll) 



FM1 RVS Highbay Measurement (PCZO); Data set [320-21 

Linear Gain <b 1 >50 frames vs. Time(hours of the day; 3/30/98); ch5, 40 scans, side A; T_bcs=320K 

bl 020, CSUB:3 
1 “‘.“‘..’ ” ‘7 

-..- _.._-. 2-a I * 

12 14 16 16 20 22 

bl 

O.OW66 - 

O.OW66 - 

Oow66- 

0 OW65 - 

O.ow65 - 

OWWS- 
c. 1. 

824, CSUB.3 z 

12 II 16 16 20 22 

bl 829. CSUB:3 x 

12 14 16 II 20 22 
bl 833. CSUB: 1 

bl , 825, CSUB:2 z 
O.OW72( ’ : I 

0.00072 - 

0.00072 - 

o.ow72 - 

o.ow71; 

0.00071 - 

O.OW?l - 

12 14 16 I.3 20 22 

bl 830. CSUB:I x 

t ’ 
: 7.1. 

! I 

bl 822. CSUB:I 

o.wo53 - 

o.ooa52 - 

0.0052 - 

0.00052 - 

- 1.w 

o.om52 - 

I 1.00 
12 14 16 1.5 20 -22 

bl 827. CSUB: 1 x 

t ’ i . 1 1.06 

bl 

0.00061 

823. CSLlB:2 x 

bl 

0.0031.3 - 

0.00316 - 

O.WSI4 - 

B28. CSUBr2 x 

0.00306 - 
. I.00 

12 14 16 I.9 20 22 12 14 (6 ,I 20 22 

bl 

0.0122ot - 
831, CSUB:f x bl 

o.o,,w 

832, CSLJB: I x 

1 

x bl ,934, CSUB: I % bl 835. CSUB: I 

O.OOJ60 - 1.06 
o.w300 - 

.01 
1.05 : ‘_ 



Error sources in RVS retrieval 
. 

l Temperature measurement error in 

Tbcs~ Tobc, Txn~ Tsvs 

l OBC effective emissivity &obc 

l DN measurement errors due to 

cross-talk, finite resolution, . . . 



Error Analysis in RVS (1) 

From (Eq.8), the complete TVS differential equatio.n is 
(correction terms ‘are ignored in this analysis) 

d(rvs) &n(ws) AE - - 
d& 

obc TVS obc 

+ a1n(ws) AT + aln(ws> AT + aln(ws> AT 
a bcs obc sm 

bcs 

dln(ws) 

+ aoNbcs 

mN,,, + ;;rs) hDN,,, + ;-;‘I ADNsvs 
obc svs 



Error Analysis in RVS (2) 
(due to the error in E~,.,J 

. 

‘;;;” AEobc = ( Eobc2; Lsm]o AEobc . cEq*13) 

This is a systematic bias error, which is independent of the 
AOI. Since yvs will be renormalized later at a particular 
A01 angle, this bias error will essentially be “renormalized 
out” and thus will not contribute to the total TVS error. 



Error Analysis in RVS (3) 
(due to the error in TbcS , Tobc, qm measurements) 

aln(ws> AT ‘m 
a bcs I- 

bcs 

. AT 
bcs 

. 

(Eq. 14) 

dln(ws) 
--gbc ‘qbc = ( Eob;;;~cLsm] ’ ‘qbc 

(Eq*w 

dln(ws) AT - -L,‘, + L,‘, 
&r 

sm - 
l AT,, (Eq. 16) 

sm ‘obc Lobe - Lsm Lbcs - Lsm 1 

A system bias error in AT, combining with the terms in (..), will 
be constant across the AOIs, thus won’t effect the renormalized 
n/s, only the local fluctuated error in AT will contribute to the 
errors in TVS. 
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Error Analysis in RVS (4) 
(due to the errors in DN,,, ,DN,,, ,DN,, ) 

. 

. 
hDN,cs 

‘ln(TVS) . AnN 

aDNobc 

obc 

d ln@-) ADN 
svs 

= (DN,, t DNsvs)*mNbcs 
/ . 

- 1 

\ DNobc - DNsvs I I l mNobc 

1 

- DNsvs DNobc - DNsvs 

(Eq- 17) 



Error Analysis in RVS (5) 
o(RVS) 

obc 

The RSS ignores the correlation relationship between the 
variables, thus will result in either over-estimating or 
under-estimating the total l-sigma error in TVS. 
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RVS fitting equations and procedure (1) 

The MODIS polarization theory (Appendx A) gives 

RVS=T*~+~*~P or, ws=p+c-@ 
. 

where z is the MODIS fix-optics total throughput (or A,, component 
of the fixed-optics 4x4 Mueller matrix), and q is the A,, component 
of the matrix, and M/‘S is the re-normalized RVS, and 

- 

P 
- Ps + P, - 

2 
9 

- Ps -P, 
SP 

- - 
2 

Using (Eq. 12), together with RVS data and ps and pp functions fitted 
to the NPL scan mirror reflectivity data, z and 7 can be determined by 
Least-Square fitting procedure, thus, completes the RVS fitting. 

w 



RVS fitting equations and procedure (2) j ! 
l This -procedure assumes that reflectivity measurement ’ 
accuracy is comparable or better than that of the RVS 
measurement. Given this presumption, this fitting procedure 
can be proved to be superior to the direct fitting (e.g., quadratic 
fitting) of the RVS data, which is primarily due to the fact that 
Eq. 12 is an exact relationship between the RVS and scan mirror 
reflectivities. 

l If we assume that the fixed-optics parameter C is the same for 
both the FM1 and PFM, then PFM RVS can be retrieved from 
the PFM scan mirror reflectivity measurement from NPL as 

- 

msPFA4 = PPFA4 + cFMl ’ ‘&FM @qW 



Appendix A: MODIS Polarization Theory (1) 

S = at-detector radiance (a scalar quantity) 
D = [D,O,O,O] is the detector vector 
A = the Mueller matrix for the fixed optics 
M = the Mueller matrix for the rotating scan mirror 
L = the Stokes vector for the at-aperture radiance field 

S ev =D*A~M(p,,)*Le, +D*A*M(q,,)*L,, +fibkg 

S sv =D*A-M(r,,MG7z +6,,, 

AS ev =D~A~M(p,,)~Lev +D~A~M(E,,)~L,, -D*A*M(E,,)=L,, 



Appendix A: MODIS Polarization Theory (2) 

L ev = [4,7°Y070]’ L sm = [Ls~,O,O~o]T 

AS ev = RVS,,L,, + (RVS,, - RVS,,)L, 

RVS= D~~jMl,(p) 

j=O 

WI0 =&+P,,) 



Comparison of Highbay polarized RVS, 
quadratic fit to Highbay RVS and quadratic fit 

to NPL average reflectance data 

46 
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B32 RVS quad-fit (solid line), RVS c-fit (dashed line), rho-avg (dotted line) 
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Scan Mirror brightness temperatures (Tsm=270K) 1 

These temperatures are determined from the scan mirror absolute radiance emission, i.e., not the net radiance difference 
between the Earth View scan mirror emission and the Cold Space View scan mirror emission. 

AOI= 10.5 15.5 20.5 25.5 30.5 35.5 40.5 45.5 50.5 55.5 60.5 65.5 

t= 

203.4 203.4 203.4 203.4 203.5 203.6 203.9 204.4 205.3 206.8 208.9 211.6 20 

199.6 199.6 199.6 199.6 199.7 199.8 200.1 200.7 201.7 203.3 205.6 208.6 21 

199.8 199.8 199.8 199.9 199.9 200.1 200.4 201 202 203.6 205.9 208.8 22 

198.7 198.7 198.7 198.8 198.8 199 199.3 200 201.1 202.8 205.2 208.3 23 

193.5 193.5 193.5 193.6 193.7 194 194.6 195.5 196.9 198.8 201.2 204.1 24 

192.6 192.6 192.6 192.7 192.9 193.2 193.7 194.6 196 197.9 200.4 203.3 25 

172.9 172.9 173 173.1 173.5 174.1 175.1 176.7 178.8 181.6 184.9 188.7 27 

169 169 169 169.2 169.4 169.9 170.8 172.2 174.2 176.8 180.1 184 28 

162.8 163.5 164.7 166.7 169.4 172.7 176.5 180.7 185 189.5 194 198.4 29 

155.1 155.6 156.6 158.2 160.5 163.5 167.1 171.1 175.3 179.8 184.4 189 30 

142.6 143 143.8 145.2 147.1 149.6 152.5 155.9 159.5 163.4 167.4 171.5 31 

137.9 138.2 139 140.2 142 144.3 147.1 150.3 153.8 157.6 161.5 165.6 32 

130.3 131.6 133.7 136.5 139.9 143.8 148 152.3 156.7 161.2 165.6 170 33 

127.8 129.5 132 135.3 139.1 143.3 147.7 152.2 156.8 161.4 165.8 170.3 34 

127.9 129.5 132.1 135.3 139.1 143.3 147.7 152.2 156.8 161.4 165.9 170.4 35 

126.5 128.2 130.7 134 137.9 142.1 146.6 151.2 155.9 160.6 165.2 169.7 36 



Preliminary Estimated Scan Mirror Signal-to-Noise Ratios (SNRs) ; 
(for radiance emitted from the scan mirror for 1 minute data collect based on T/V measured 

SNRs; assumes Tsm=270K and T-fpa constant at 83K) 

Band 20 21 22 23 24 25 27 28 29 30 31 32 33 34 35 36 

MO36 = 

0000000 0 0 0 0 0 0 0 0 0 

0000000 0 1 0 10 11 10 

0000000 0 3 12 12 2 2 1 

0000000 0 7 3 3 3 3 3 3 2 

0000000 113 5 6 5 6 5 5 3 

0000001 121 9 10 9 8 7 7 5 

1 0 1 1 1 1 2 2 32 13 16 13 12 11 10 7 

10 1 1 1 1 3 4 45 19 23 20 17 14 14 10 

1 0 1 1 2 2 6 8 60 27 32 27 22 19 18 12 

1012329 13 78 37 43 37 28 24 23 16 

2 1 2 3 4 4 13 20 99 47 56 48 35 29 28 20 

3 1 3 4 6 5 19 28 124 60 .71 61 42 35 34 24 

AOI 
= 

10.5” 

15.5” 

20.5” 

25.5” 

30.5” 

35.5” 

40.5” 

45.5” 

50.5” 

55.5” 

60.5” 

65.5” 
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Overview of Highbay RVS 
Me.asurement Approach 

3 



Highbay RVS Test Key Features 

l Test configuration: 
- MODIS aligned on rotary table (ROTAB) 

- Cold FPAs cooled with BTC 

- OBC Blackbody maintained at 3 1OK 

- MWIR and LWIR PV detectors operated with “optimum CSUB” 
setting (not applicable for PC detectors) 

- SVS positioned at SVP; operated at ambient temperature 

- BCS aligned and operated at one of two temperature settings 
(310K and 320K) 

l 3 data collects taken (3 lOK_1,320K - 2, and 320K - 3) 

- Data collects spanned 8 to 10 hours, each 

Y 



FM1 Highbay RVS Test Configuration 

. 



Summary of FM1 Highbay RVS 
Measurement Angles for 32OK-3 Data Set 

. 

Scan Angle AOI 

Collect # (Degrees) (Degrees) 

18 -53.62 11.19 

1 -53.21 11.39 

2 -53.01 11.50 

3 -44.88 15.56 

5 -23.50 26.25 

IO -10.41 32.80 

6 -0.41 37.80 

7 9.59 42.80 

8 25.61 50.80 

9 37.64 56.82 

11 37.64 56.82 

12 44.63 60.32 

16 44.63 60.32 

13 52.11 64.06 

14 53.33 64.67 

15 53.33 64.67 

17 53.33 64.67 

i 



MODIS 
Full Aperture 

i’3 
7 

. 

L BCS = wp~L(h,T~i) + Wd,(h.?'~:) + l'~'~w!,(h.~~~~.i) 

BCS Trapezoid Configuration Achieves > 0.998 Emissivity (From SBRS) 

d 



- 

I 47.5 / 
I r 

47.0 

46.5 

46.0 

RVS [320-31 BCS Effective Temperature; from PRT#l-15; BDATB93.0UT 

__- .--. 

--Q-q 

1 

. 

Time (3-31-1998) 

/-333s -TT_f*0.929+T~s*0.066+T~t*0.004 -Stable Flag 1 



BCS First Bounce Plate Temperature 
Sensor Arrangement 

Scan Direction 

PRTI PRT 2 PRT 3 

PRT4 PRT 5 PRT 6 

PRT 7 PRT 8 PRT Y 

Track 
Direction 

View is back of BCS 

8 



BCS First Bounce 

(B f e ore 

uFJD 
z201 

Plate 9 PRT I t s n erpolated Temperature Gradients 
and After 18X10 &s for 32OK-3 Collect) 



The MODIS On-Board Calibrator 

r 

.50 REf 

r.50 

More than 90% of the reflected light 
undergoes at least four specular 

reflections to achieve > 0.992 emissivity 

00 

______-_-__--___----___I________________---- 

0 0 
_____________----------------------------------- 

_________________--_---------------------------- 

----------------- JLCUJL--- -_____-____--_--- 

--------------------_____________^______-------- 

,,-,‘,,,,,,,-,,-,-,----------------I-----------~ 

0 13x :.:: 0 
--__--_-___--_-_____--------------------------- 

Dimensions: Inches 



FM1 RVS (PC20) Blackbody (OBC) Temperature; Average of 12 Thermisters; Data set [310-l 
I I I I I I I I I 1 I I I I 

-,1.-7~-. -,~ ~.- 

309.95 

-__ Average of 4 CSUB 

CSUB 1 

CSUB 2 . . 

CSUB 3 

309.90 CSUB ,4 

: * . 

*._ . . 

. .’ . . : . . 
: . : 

: . 
. . ..:... ..r.. . . 

/ 

G - 309.85 
b 

. . : . . . 
..- 

. . . . : . -.: :“: . : . *.. :: 
1 t - - . :.. 
-. . . :. 

- 
o&kg cm 2 
II II II II II II 

$$$ SE; 2 
4-X 

309.80 

AOI=Center of B20 , 
I I I I I I I I I I I I I I I I I I I I 

12 14 16 18 20 22 
309.75 

Hours (of the day; 3/28/98) 



309.95 

309.90 

tz 
- 309.85 
k 

309.80 

309.75 

FM1 RVS (PCZO) Blackbody (OBC) Temperature; Average of 12 Thermisters; Data set [320-21 
I I I I I I I I I I I I I I I 

,--r-rl 

Average of 4 CSUB 
. I 

, 

CSUB 1 
. 

. . . 

CSUB 2 . . . 

.1’. 

y: f 

CSUB 3 

CSUB 4 
. . 

:- : . 

-.. 1. 

. . . . ..: .- . . . . . 

..: -. ‘..;FF.” . . . . . . C..’ . . . 

f ” :: . .: 

-‘.* * z--f- .: -. 

: :/:; : *. 
,r.’ 

-t *L : -, 
. . :.. -.i ..-. 
.- “. . . .“.. . . 

. . . : . . . . . . :;g). _ : .Lb . . : 
. . : . : i_ . : 
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d 5s 2 
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309.95 

309.90 

G - 309.85 
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309.80 

309.75 
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CSUB 1 
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CSUB 3 
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I I I I I I I I I I I I I I I I I I I 
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Channel 5 Linear Gain <bl,,,>,, frames for 40 Scans vs Experiment Time (Hours) 

(310K-1 Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; % Change from 1st Average Noled on Right Axis) 

bl 824. CSUB:3 x 

t * ‘.1 ’ 4 

bl 82 1, CSUB: f 7; 

0.025wL - 4 

bl 822. csur3:4 % 

1 - J 

0.02480 1 i 1 .I;. 1 2.0 

12 14 16 1.9 20 22 Hrs 

bl 825. CSUEk2 2 

0.ooo73~ ’ I 

0.00072 I - I.5 

o.cQO72 _, : 

.I ’ Id _.,._., i 1.0 
0.00072 

o.ooo72 - : ’ 
.: : 0.5 

0.00072 - , 1 : j 
! 

o.om71 - .I I 
i 0.0 

12 1, 16 18 20 22 Hrs 

bl B27. CSIIB: 1 z 
L I .‘.’ . 

, / 

0.00304 

I; 
O.OOSO2 

0.00300 ’ 
ij 

0.00296 

0.00296 

0.00294 
~.~.*~. 

I * 
1: 

4 ’ 
,’ 

*/ / ! 

bl 829. CSUB:3 x bl 830. csm:* x bl 83 I, CSUB: f z 
~.‘...‘...‘.....~.’ , , 0.00740~ ’ I 1 , 0.01225~ ’ I 

bl x 833, CSUB:f 
- 

bl 834. CSUL?: I x bl 835. CSUB; 1 x bl 
I 3 t . J 0.0031 

4.0 

bl 023. csua:2 x 

: t .4 

0.00061 - 

bl 

0.00320 

828, CSUB.2 

O.OOJl8~ rii’” : : 
0.00116: 

12 14 16 18 20 

12 14 16 ‘II 20 22 HI-S 12 14 16 18 20 22 HrS 12 1, 16 I6 20 22 Hr.5 

x 

Note: bl=(L,,,-L,,,)/dn,,, 



Channel 5 Linear Gain <b 10BC>50 frames for 40 Scans vs Experiment Time (llours) 

(320K-2 Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; % Change from 1st Average Noted on Right. Axis) 

bl 820, CSUB:3 % bl 82 1, CSUB: 1 x bl 822. CSUB:4 
’ 4.0 o.ooo5s - 

: 

o.ow5s - 

o.ccel, - 

0.02460 - 
0.00052 - 

O.OaOJ2 - 

‘. -2.0 

023. CSUl3:Z % 

(2 14 16 ‘I 20 22 HTS 12 14 16 ‘I 20 22 HrS I2 ‘14, 16 16 20 22 Hrs 12 14 16 18 20 22 Hrs 

bl 824. CSUB:3 x bl B25. CSUB:Z X bl 827. CSUB: f X bl 828, CSUB.2 x 

0.00318 - 20 

OOOJ16- 

10 
000314 - 

-,,. 0.00310- 

000308r. -1.0 I 

12 14 (6 111 IO 22 HI-S 12 14 16 1.5 20 21 HI-S 12 14 16 1.5 20 22 HI-S 12 14 16 18 20 22 Hrs 

12 14 ,6 ‘I 20 22 Hrs 12 14 16 11 20 22 HI-S 

bl 833. CSUB: f x 

0.00296 ’ 
* 2.0 

‘. : 
t. 

0.00294 

0.00292~ 

0.00290 

0.002M . 

0.002116. 

11 14 16 18 20 21 Hrs 

bl 830. CSUR:4 X 

L I , 

: i - 
0.00740 

8.0 
- 

bl B34, CSUB: 1 X 

i . ’ J.0 

0.00360 - 
2.0 “. : 

,’ 
O.WJ55 - 1.0 

0.0 

0.00350 - 
-1.0 

0.00345 - -2.0 
.:. .’ : .:: 

I -3.0 

12 14 16 ‘I 20 22 HI-S 

bl 

0.01220 

83f. CSU‘9:f 

I : , 

0.012,s - 

O.OI210 - 

0.01205 - 

0.0~200 - 

% bl 

12 14 16 16 20 22 HI-S 

832, CSUB: f % 

.-AL-l 
12 14 16 16 20 22 HW 

bl 

O.OOSW 

835, CSUB: 1 z bl 

3.0 0.00315 

836. CSUB: f % 

2.0 I 
! -20 

0.00310 - 

1.0 

0.00305 - -00 0.0 

-1.0 0.00300 - --20 

-2.0 
0.00295 I 

12 14 16 18 20 22 HCS ,2 14 16 16 20 22 Hrs 

Note: b 1 =(L,,,-L,,,)/dn,,, 



Channel 5 Linear Gain <bl,,,>,, frames for 40 Scans vs Experiment Time (Hours) 

(320K-3 Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; % Change from 1st Average Noted on Kighl Axis) 

bl 

0.00062 

“23. CSUB. 2 ” X 

--------- ~-~ so 

2.5 

0.00062 
20 

/ 

J 1.5 

0 00061 10 

/ 
: 0.5 

0.00061 

~~~ 

0.0 

u-----.. 
12 14 16 16 20 22 Hrs 

bl A22 csun:4 z 
,.---. 

bl 821. CSUB:f X 
L 3 

bl 

O.OOOY) 

O.OCO50 

0.00050 

0.00050 

O.OW50 

o.ooo49 1 
2.0 

1.5 

1.0 

0.5 

0.0 

0.02460 

0.02440 

0.02420 i 

O.OCE.4 

0.0053 

t 0.024M 

0.02.?80 

0.02360 I 

o.ooo53 b *’ 
0.00052 - ,e, ..‘* 0.0 

12 14 16 16 10 22 Hrs 
E s I l-2.0 

12 14 16 18 20 22 HI-S 

bl 825. CSUBr2 x 

12 14 16 ‘I 20 22 HTS 

bl 828, CSUB:2 7; bl 827, CSUB: 1 

f ‘- 
bl 824. CS.!JB:3 x 

O.ooo66 

O.wO66 
- 0.5 

- 0.0 

O.ooO72 

o.oilo73 o-74f. .,& j 
_; 

o.m72 : .‘. 

o.ow71 .,. I .~ 
2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

12 14 16 18 20 22 Hr.3 

0.00310 - ; ’ : ! : i I 
0.00305 

! ~ 

* : : : 
!$’ 

‘. 
O.WSOO 

; ‘. 1 I 

1: I, 
- 1 .o 

Hrs 
L.,...,.....,,.,...,..., 

12 14 16 16 20 22 

bl 829. CSUB:3 X bl 830. CSUBr4 x ,,;,:,, , , 035 CSUf~f $ bl 63 1, CSUB: 1 % 

0.01240 2.5 

0.01230 

I -.I. 
12 I4 16 I.3 20 12 14 16 ‘I 20 22 Hrs 12 14 16 1.5 20 22 Hi-S 12 14 16 16 20 22 HM 

bl I , , 835. csuyf , , I,: bl 833. CSUB: 1 x 

o.oom - ’ * 
3.0 

O.M)206 T 

bl 834. CSUB: f 

I ’ 

bl 836, CSUB: f 9. 

e ’ -40 
0 00315 - 

0.003’0 
-20 

- 

0.00305 

0.00300 - 

0.00295 - 

--40 
I .’ LL-&mL_.l.- *--I--L 

12 14 16 18 

o.wsm - 

- 2.0 

0.00295 - 

- 0.0 
0.00290 - 

0.002S5 - : : . , - -2.0 

0.00.3w 

0.00355 

I 

0.00354 

0.00296 2.0 

0.00294 
1.0 

0.00202 

0.00260 0.0 

O.WPM -1.0 

0.00266 : o.wY(5 

IL-- 
12 14 16 ‘I 20 22 HI-S 12 14 16 ‘I) 20 22 Ht-S 12 14 16 16 20 22 HI-S 

Note: bl=(L,,,-L,,,)/dnoec 



Unpolarized Equations 
Used for Analysis of Highbay 

RVS Test Data 



L 
RVS Equations 

Relationship between the BCS path radiance and the detector’s 
response 

RVS, l L*cs(e, 

+(z-RVS,)=L,, +LBKG =DN;,, +b,-DN;,, (1) 
RVS, - RVS at A01 = 0 

LB CS(0)’ LSM’ LBIG - Radiance of BCS, Scan Mirror, and Background 

z - system effective transmittance 

b, - detector linear response . 

DN - instrument digital number DN = DN” + DNS (offset term + signal term) 



gi= 

b 

: -z 

&iii@ - 
RVS Equations (cont’d) 

Relationship between the BCS path radiance and the detector’s 
response 

Rvs, l Lsvs(e, 

+ (z - RVS,) l LSM + LBKG = DN& + b, l DN&, 
From Equations (1) and (2) 

RvsBcs(e) l (LBcs(e) - L,,) = b, l PN,cs - DNSVS) 

. 
+RVSs,s l (Lsvs - LSM > 

(3) 

For highbay test T,, = T,,,. For TBcs = 320K, the second term 
on the RHS of Equation (3) is - 0. I%, then 

RVS b DN,,, - DNsvs 
BCS(0) = 1 ’ L 

BCS(B) - L SVS 

(4) 



RVS Equations (cont’d) 

Using the On Board Calibrator (OBC) to correct detector’s scan to 
scan response fluctuation, Equation (4) becomes 

RVS =RVSoBc* L OBC -LSVS DNBCS -DNSVS 
BCS(e) 

DNOBC -DNSVS l LBCS(e) -LSVS 

b 1 

The normalized’RVS (to A01 = 10.75”) 

RVSNo"(B)= RVS BCS(B) RVS = f(DN,,kT,,&OBC,@ BCS(8=10.75") 

(5) 



RVS Uncertainty 

Approach 1 

RVSNom(8) = f(DN,,h,T,,E,,,~8) f(xi,e) f(D&,h,T,,&,,,, 8 = 10.75”) = f(yi,8 = 10*750) 

Approach 2 - 

Computer RVS Norm(@ for Measurement i (=I, 2, 3) 

(frame, scan, channel iverage) 

ARvsNO” (e) = stdev{RVSNom(8),,RVSNom(B),,RVSNorm(8)3] 



Scan Mirror Witness Sample 
Reflectance Measurements 



.Summary of NPL Scan Mirror Witness 
Sample Polarized Reflectance Measurements 

2 witness samples from PFM scan mirror (SN03 and SN04), and 2 witness 
samples from FM 1 scan mirror (SN08 and SN16) 

- SN03 and SN04 samples previously measured by Lincoln Laboratory on two 
separate occasions 

Measured s and p polarization reflectance of 4 witness samples over 2.50 to 
15.15 micron wavelength region, in 10 cm-l increments, for lo”, 26.7O, 3&O’, 
50.0’ and 65.5O Angles-of-Incidence (AOIs). 

NPL estimated 95% confidence level uncertainties quoted at: 

&0.4% for s-polarization for 2.5 to 12.5 microns range, rising to f0.4% to +0.7% 
between 12.5 and 15.15 microns. Except 20.3% for 10” A01 over the whole 
wavelength r?nge. 

kO.3 % for ppolarization 

Average reflectance results compare to within +l% with Lincoln Laboratory 
measurements for SN03 and SN04 samples 

Significant differences between PFM and FM1 samples exist 



Summary of Scan Mirror Witness Sample 
Polarized Reflectance Measurements 

l Graph Summaries Provided for: 
- NPL S, P and Average reflectances for SN03, SN04, SN08 and 

SN16 samples at 6 AOIs 

- Comparisons of LL and NPL SN03 and SN04 measurements 

- Sample-to-sample variations for PFM SN03/SN04 and FM1 
SNOUSN16 samples 

- FM1 and PFM Average Reflectances versus wavelength 

- FM1 and PFM Polarization Factors versus wavelength 

- FM1 Band-weighted Average Reflectances versus A01 

l Table of FM1 Band’s Band-weighted S, P and Average 

Reflectances for 6 AOIs 

23 



AOI = 10 
SN03 S,P and (S+P)/Z Reflectances 

t”‘““‘“‘“““,‘,““‘i3 

98.5 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 

SN08 S,P and (Sip)/2 Reflectances 

t’ ’ ’ r T ’ ’ T ’ r ’ 1 - r ’ - y/--y/y ’ ‘] 

98.8 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) Wavelength (urn) 

AOI = 10 
SN04 S,P and (S+P)/2 Reflectances 

98.8 

98.6 

98.4 

98.2 

Wa~&yth &m) 
- 

SN16 S,P and (S+P)/2 Reflectances 

99.4 - 

74 



AOI = 26.7 
SN03 S,P and (S+P)/2 Reflectances 

98.5 

98.0 

96.5 

1 
96.0 I-. 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength urn) 

AOI =, 2 6 .7 
SN08 S,P and (S+P)/2 Reflectances 

98 

98 98 

96 

4.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 6.00 8.00 10.00 12.00 14.00 16.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) Wavelength (urn) Wavelength (urn) 

AOI = 26.7 
SN04 S,P and (S+P)/2 Reflectances 

99.0 

98.5 

98.0 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength urn) 

AOI = 2 6 .7 
SN16 S,P and (S+P)/2 Reflectances 

25 



AOI = 38 AOI = 38 
SN03 S,P and (S+P)/2 Reflectances SN04 S,P and (S+P)/2 Reflectances 

98 

96 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength urn) 

f AOI? 8 
SN08 S,P and (S+P)/2 Reflectances 

99 

98 

96 

95 
I 

: 

94[ 1 1 I I I I , . I . * , I , I 1 I . , ,l. /. , 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) 

98 

96 

95 

94 

98 

96 

95 

94 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength urn) 

f AOI= 8 
SN16 S,P and (S+P)/2 Reflectances 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) 

76 



AOI = 50 
SN03 S,P and (S+P)/2 Reflectances 

AOI = 50 
SN04 S,P and (S+P)/2 Reflectances 

100 

98 

96 

94 

92 

90 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) 

AOI .= 50 
SN08 S,P and (S+P)/2 Reflectances 

:v 
96 - 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) 

Woz$ng_th5(6m) 
4.00 

- 

SN16 S,P and (S+P)/2 Reflectances 

6.00 8.00 10.00 12.00 14.00 16.00 

98 

96 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) 



85 

AOI = 60.5 
SN03 S,P and (S+P)/2 Reflectances 

85 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength urn) 

AOI =, 6 6 .5 
SN08 S,P and (S+P)/2 Reflectances 

85 - I - 

/ : 
I., , I, ,,,,,,I, ,,,,, ,! , I 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) 

100 

85 

AOI = 60.5 
SN04 S,P and (S+P)/2 Reflectances 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength urn) 

AOI = 6 6 .5 
SN16 S,P and (S+P)/2 Reflectances 

‘\ ‘\ / 
Ii 1 I Ii ‘1 Ii I I I I,, I,, , I :\./’ , , - 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) 

a3 



85 

80 

AOI = 65.5 
SNO3 S,P and (S+P)/2 Reflectances 

AOI = 65.5 
SN04 S,P and (S+P)/2 Reflectances 

85 

80 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength urn) 

AOI F 6 iI .5 
SN08 S,P and (S+P)/2 Reflectances 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) 

WTav/e;gt; UT) 
4 

SN16 S,P and (S+P)/i Reflectances 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Wavelength (urn) 
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100.0 

99.6 

E 
g 99.0 

i 
z 
a 

98.6 

98.0 

loo.0 

99.6 

F 

8 

j 99.0 

E 
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98.5 

I- 

I- 

I- 

SN03 S,P and (S+P)/2 Reflectances 
1, ,‘I’( ~I1’mIm -‘Is *‘II 

4.00 6.00 8.00 10.00 12.00 14.00 

mca~ m 
SN04 S,P and (S+P)/2 ‘Reflectekes 

/ 

NPL AOI= 10.0 

4.00 6.W 8.00 10.00 12.00 14.00 
wavelength (j&m) 

100.0 

99s 

s 

T 

i 

99.0 

e 
P 

98.5 

98.0 

100.0 

99.5 

ii‘ 

:: 

j 99.0 

5 
P 

99.5 

Lincoln Labs AOl=lQ.O Meas II 
SN03 S,P and (S+P)/2 Reflectances 

I- ‘4 I - - s II ‘1 I - ‘I II ‘1 

4.w 6.00 8.00 lo.w 12.00 14.00 

Lincoln %$%?=%?I Yeas 11 
SN04 S,P and (S+P)/2 keflectances 

I, III,,,, .I,,,,, 913 

4.00 Il.00 8.00 10.00 12.00 14.00 
Wavelength (pm) 

Percent Difference of LL and NPL Ave Refleclaces 
1.6 

1.0 

d 
\ 
z 
. 

3 
0.5 

$ 

0.0 

,11’111’1111111”,1,,, Ll 
4.00 6.00 8.00 10.00 12.00 14.00 

Wavelength (pm) 

Percent Difference of LL and NPL Ave Reflectaces 

4.00 6.00 8.00 10.00 12.00 14.00 
Wavelength (pm) 



NPL AOI=26.7 
SN03 S,P and (S+P)/2 Reflectances 

‘“5 

4.00 6.00 6.00 10.00 12.00 14.00 

4.00 6.00 8.00 10.00 12.00 14.00 
Wavelength (pm) 

Lincoln Labs AOI=26.0 Meas II 
SN03 S,P and (S+P)/2 Reflectances 

,I,II!,JII,IIa,,,, ,,I, 

0 I I I I I I I1 I 81 t I I I I I a I I 

4.w 6.00 6.W 10.00 12.00 14.00 

Lincoln &%#=!& Mess II 
SN04 S,P and (S+P)/2 Reflectances 

I I I I I I I I, I I I I,, , I,, , ,- 

4.00 6.00 6.W 10.00 12.00 14.00 
Wavelength (pm) 

Percent Difference of LL and NPL Ave Reflectaces 

1.04 

0.5 

d 

2 0.0 

j 

2 -0.5 

-1.0 

Wavelength (pm) 

Percent Difference of LL and NPL Ave Reflects 
r 8 

3ces 

d 
4.00 6.00 6.00 10.00 12.00 14.00 

Wavelength (pm) 
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E 
b 

I 
c 
P 

NPL AOI=38.0 
SN03 S,P and (S+P)/2 Reflectances 

SN04 S.P and (S+P)/2 -Reflecta&es 

88 

97 

Q6 

95 

Q4 

6.00 6.00 10.00 
bvelength (pn) 

F 

Lincoln Labs AOI=38.0 Yeas II 
SN03 S,P and (S+P)/2 Reflectances 

Q6 Q6 

97 97 

96 96 

95 95 

Q4 Q4 

4.00 6.00 6.00 1o.w 12.00 14.00 

Lincoln ~~%#%=!%?I Meas II 
SN04 S,P and (S+P)/2 keflectances 

loo 8 8 14 8 ’ I ‘I* I “I IV ‘I I”, I 

6.00 10.00 
WaveLrgth (pm) 

12.00 14.00 

Percent Difference of LL and NPL Ave Refleclaces 

2--: 

d 1 

$ 

1 

20 

-1 

fl,,,,,,,,,,,,,,,.,,d 
4.00 6.00 6.00 10.00 12.00 14.00 

Wavelength (Irm) 

Percent Difference of LL and NPL Ave Reflectaces 

2ao* 

4.00 6.00 6.00 10.00 12.00 14.00 
Wavelength (pm) 
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100 

NPL AOI=50.0 
SN03 S,P and (S+P)/2 Reflectances 

4.00 6.00 6.00 10.00 12.00 14.00 4.00 6.00 6.00 10.00 12.00 14.00 

Fci%tEkd 
SN04 S,P and (S+P)/2 Reflectancks 

Lincoln %%f%=k& Yeas II 
SN04 S,P and (S+P)/2 keflectances . . . 

100 

98 

06 

Fi 

2 

J :: Q4 

c 
P 

82 - 

90 - 

t, 1 I I I, I1 I1 ,ri,“, 1 I * I I I I1 I II 

4.00 6.00 6.00 10.00 12.00 14.00 
Wavelength (pm) 

Lincoln Labs AOI=50.0 Meas II 
SN03 S,P and (S+P)/2 Reflectances 

I’ 8 ‘l@‘~I~ I’11 !‘I’ “II 

4.00 6.00 6.00 10.00 12.w 14.00 
Wavelength (pm) 

Percent Difference of LL and NPL Ave Reflectaces 

4.00 6.00 8.00 10.00 12.00 14.00 
Wavelength (pm) 

Percent Difference of LL and NPL Ave Reflectaces 

1.1 

1.C 

d 
’ 0.E 

3 

2 OX 

-0.5 

-1.0 
l,,,I,,,I,,,I,,,l,,,~ 

4.00 6.00 8.00 10.00 12.00 14.00 
Wavelength (pm) 
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NPL AOI=65.5 
SN03 S,P and (S+P)/2 Reflectances 

Lincoln Labs AOI=85.5 Meas 11 
SN03 S,P and (S+P)/2 Reflectances Percent Difference of LL and NPL Ave Reflectaces 

2 

d 1 
\ 

i 

F . 

t m- 
% 
?; 
e 
L2 

65- 

80 

L I I I I I I I I 

4.00 6.00 8.00 1o.w 12.00 14.00 

Fi??cAn(j~M 
SN04 S,P and (S+P)/2 ‘Reflectanbes 

4.00 6.00 6.00 10.00 12.00 14.00 

Lincoln EK!“%F=k% Yeas 11 
SN04 S,P and (S+P)/2 keflectances 

4.00 6.00 8.00 10.00 
Wavelength (pm) 

12.00 14.00 

Percent Difference of LL and NPL Ave Reflectaces 
I ’ 1 1 I 8 8 r I e r ’ IV ‘.’ II e r I. 

ji\ 

/’ !. 
:i;; \,, 4 

\ 

. _. 

looI 

.P 

95 

ii: A 
A 

x 90 s 5; d d I 
65 

F 

4.00 6.00 6.00 10.00 12.00 14.00 
wavelength (& 

d 
Ll 

4.00 6.W 12.00 14.00 
III I I I* I ,I,,,,,,,,,,.11 

4.00 6.00 6.00 10.00 12.00 14.00 
Wavelength (pm) 
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NPL Average Reflectance Data 
1.000 _ I I I I I I I I I I I I I I I 1 -.-‘r----J 

. 

A01 = 19 
A01 = 26 
A:;; :!I( 
A01 = 50 
A01 = 60 
A01 = 65 
PFM Samples Solid 
FM1 Samples Dashed 

I I I I 
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. . . . . . . . , . . . . . . . . . , . . . . . . . . . . . . . 
J I 

. . 
. . I 

12.00 14.00 

30 

-I- 

.-... - . . 
* : : *. : 

I I I 

8.00 10.00 
Wavelength (pm) 



FM1 and PFM Scan Mirror Witness Sample Average 
Polarization Factors from NPL Measurements 

A01 = 19 
A01 = 26 
A:)i :jy 

A01 = 50 
A01 = 60 
A01 2 65 
PFM Samples Solid 
FM1 Samples Dashed 

. 

__.................................................... 

I I I I I I I I I 1 

6.00 8.00 10.00 12.00 14.00 
Wavelength (pm) 3F 



FM1 Scan Mirror Witness Sample Average Polarization Reflectances vs A01 
(NPL Measurements of Witness Samples SN08 and SN16 with Quadratic l?it) 

SNO8n---------------A SNl 6 - - - - - -. Average of Two 

820 B21 822 823 
0.995 _ 0.995’ - 0.995- 

> 

0.985 - - 0.985 - - 0.985 - - 0.985 - 

0.980. 0.980 A 0.980 a 0.980 _ 
10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

824 825 827 828 
0.995 - 0.995 - . - 0.995 - ' 

0.990 

0.985 0.985 - - 0.985 - - 0.985 - 

0.980 0.980 v 0.980 - 
10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

1.01 1.01 

0.99 0.99 

0.97 0.97 

0.95 0.95 

0.93 0.93 

0.91 0.91 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 

-.-*-LA-_ 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 

834 835 
1.01 1.01 * 1.01 1.01 . . . . . . . . . . . . . . . . . . ..-.................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

0.99 0.99 

0.97 0.97 

0.95 0.95 - 0.95 - 0.95 

0.93 0.93 - 0.93 - 0.93 

0.91 0.91 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 
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Summary of Highbay RVS 
Measurements 
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Summary of Data Analysis 
l Raw (not-normalized) RVS data results 

- 16 bands, 10 channels*, 3 RVS data collects (310K-1,32OK-2, and 32OK-3) 

- data points averaged over 40 scans and -50 frames?, with l-sigma error bars 

- data collected at 10 AOIs; repeated measurements at 4 AOIs 

- corrected for drift (via bl changes), and T-svs # T-sm effect 

l Normalized RVS fitted results 
- raw RVS data averaged over: 40 scans; 50 BCS frames? (with a few exceptions 

regarding # of frames to assure all data in BCS sweet spot) 

- averaged data preliminarily fitted to a Normalized Best-Fit Quadratic (NBFQ) 
function on channel-by-channel basis 

- RVS data normalized to average response (40 scans; 50 BCS’frames’f) at BCS 
AOI=10.75” - 

* B22, channels 1-7, and B36, Channel 6 deleted due to obvious saturation/noise problems 

t some exceptions to 50 BCS frames depending on location of BCS sweet spot on band-by- 
band basis 



Summary of Data Analysis 
(continued) 

l Normalized Best Fit Quadratic chart series provided: 

1) Normalized RVS vs A01 - channel dependent (averaged over 40 scans and 50 BCS 
frames?; for 16 bands and 3 data collects) 

2) Normalized RVS vs A01 - data collect dependent (averaged over 40 scans, 50 BCS 
framest and 10 channels*; for 16 bands) 

3) Normalized RVS vs A01 - grand average (averaged over 40 scans, 50 BCS frames?, 
10 channels* and 3 datasets; for 16 bands) 

. 



Channel-by-Channel 
Highbay RVS Raw Data Results 
(after correct!ion for drift via reference to OBC blackbody) 

@Channel 8 charts processed w/Tsm=Tsvs 

*Channel 8 chart for 320K 3 w/Tsti#Tsvs - 

@Channel 8 chart comparing Tsm=Tsvs 
results with Tsm#Tsvs correction 



Channel 8 Raw <RVS>40scans vs A01 for 50 BCS Frames 

(31OILl Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; Optimum CSUB; Repeat AOls in Color) 

820. CSUB:3 821. CSlJB:l 822, CSUB: 4 823, CSlJB:2 
1.023 1.0043 1.006 

1.010 1.0015 1.003 

0.997 0.9988 1.000 

0.983 0.9960 0.997 

0.970 0.9933 0.994 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

B24. CSUB:3 825. CSUB:Z 827. CSUB: 1 828, CSUB:2 

0.9908 
10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

829, CSUB:3 830, CSUB.4 831, CSUB:l 832, CSUB: 1 

1 .OOl 

0.994 

0.986 

0.979 

0.998 t- J- B&B 

0.989 

t 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

833. CSUB: 1 834. CSUB: 1 835. CSUB: 1 836. CSUB: 1 

0.969 0.960 

0.945 0.935 

0.922 0.910 
lo 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

43 
Instrument & Source Drift Corrected via OBC bl (1st order); TSMfTSVS Term Excluded) 
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Channel 8 Raw <RVS>40,,,,, vs A01 for 50 BCS Frames 

(320K-2 Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; Optimum CSUB; Repeat AOIs in Color) 

820, CSUB:3 821, CSUB:l 822, CSUB:4 823, CSUB:2 

1.007 ‘I 1 Tn 1.0034 1.0058 T T -I- 1 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

B24. CSUB:S 825. CSUB:2 827. CSUB: 1 828. CSUB:2 
1 .OOOl 1.0028 0.9297 0.971 

0.9975 1.0006 0.9251 0.967 

0.9948 0.9983 0.9205 0.963 

0.9922 0.9960 0.9 159 0.960 

0.9895 0.9938 0.9113 0.956 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

829. CSUB:3 830. CSUB:4 831. CSUB:l 
0.956 

0.939 

0.92 1 

0.903 

0.886 
10 20 30 40 50 60 70 lo 20 30 40 50 60 70 10 20 30 40 50 60 70 

833, CSUB: 1 834. CSUB: 1 835. CSUB: 1 
1.014 

0.992 

0.969 

0.947 

0.924 

0.977 

0.965 

0.954 

0.942 

0.930 

1.016 

0.992 

0.969 

0.945 

0.92 1 

1.005 

0.996 

0.986 

0.977 

0.968 

1.016 

0.99 1 

0.966 

0.941 

0.916 

lo 20 30 40 50 60 70 
832, CSUB: 1 

1.009 

0.972 

0.960 

10 20 30 40 50 60 70 
836. CSUB: 1 

1.011 

0.984 

0.958 

0.932 

0.905 

lo 20 30 40 50 60 70 10. 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

Instrument & Source Drift Corrected via OBC bl (1st order); TSMfTSVS Term Excluded) 
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1.011 

820, CSlJB:3 B21, CSUB:I 822, CSlJB:4 823, CSUB:2 
7 1.0188 1.012 

1.008 1 1.0103 1.005 

1.0044 1.0018 0.998 

1.0007 0.9933 0.99 1 

0.9970 0.9847 0.984 

Channel 8 Raw <RVS>40,,,,, vs A01 for 50 BCS Frames 

(32OL3 Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; Optimum CSUB; Repeat AOIs in Color) 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

824. CSUB:3 825. CSUB:2 827. CSUB:l 828, CSUB:2 
1.0077 1.0084 0.9379 

1.0035 1.0050 0.9326 

0.9992 1.0016 0.9272 

0.9950 0.9982 0.9219 

0.9907 0.9948 0.9165 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

829, CSUB:3 830, CSUB.4 831, CSUB:l 832, CSUB:l 
0.96 - 0.982 1.006 1.010 

0.94 - - 0.968 0.996 0.998 

0.92 
I 

- - 0.955 0.986 0.985 

I 
0.90 - - 0.942 0.977 0.972 

0.88 0.929 0.967 0.960 
10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

833, CSUB:l 834, CSUB:l 835, CSUB:l 836, CSUB:I 
1.017 1.019 1.019 1.015 

0.993 0.994 0.993 0.988 

0.970 0.970 0.967 0.960 

0.946 0.945 0.94 1 0.932 

0.923 0.920 0.915 0.904 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

45 
Instrument & Source Drift Corrected via OBC bl (1st order); TSMfTSVS Term Excluded) 
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Channel 8 Raw <RVS>,, SCBnS vs A01 for 50 BCS Frames 

(32OK3 Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; Optimum CSUB; Repeat AOIs in Color) 

820, CSUB:3 821, CSUB:l 822, CSUB:I 823, CSUB:Z 

1.0118- 1.012 1.0084 i----l 

1.0081 - ir 

0.9970 ~ 4 0.9848 iiL-d.- 

lo 20 30 40 50 60 70 lo 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

1.0078 

1.0035 

0.9992 

0.9949 

0.9907 

824, CSUB:3 
1.0085 

1.005 1 

1.0016 

0.9982 

0.9948 

825, CSUB:2 
0.9379 

0.9324 

0.9270 

0.9215 

0.9161 

827, CSUB: 1 828, CSUB: 2 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

829, CSUB:3 830, CSUB:4 831, CSUB:l 832, CSUB: 1 
1.006 1.010 

0.996 0.998 

0.92 - 0.986 0.985 

0.90 - 0.976 0.972 

0.967 0.959 

10 20 30 40 50 60 70 . 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

833, CSUB: 1 834, CSUB: 1 835, CSUB: 1 836, CSUB: I 
1.016 

0.969 0.969 ‘ITI 

0.946 0.946 - 

0.923: 0.923 

0.969 

0.920 

0.967 

0.987 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 

Note: Instrument & Source Drift Corrected via OBC bl (1st order); TSMfTSVS Term Included 



Channel 8 <RVS>TSM=TSVS/<RVS>T irT SM svs 
vs A01 for Data Set:[320K-31 

(Mirror A; w/50framex40scan Average; Repeat AOIs in Color) 

820, CSUB:3 B21, CSUB.1 822, CSUB:4 823, CSUB:2 
1.0010~ ’ : 1.0010. I 1.0010: C - 1.0010: 

.-A A---A **a-- * f.4 1.0000~ A A AAA A 4th 1 .oooo .* * A A A A A AAA 

0.9990 :I 0.9990 c 

10 20 30 40 50 60 70 lo 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

824, CSUB:3 
l.OOlOi- 

7 

I 
1.0000 * -~-.A ...A .A-*.--A-- l A A - 

825, CSUB:2 B27, CSUB: 1 
1.0010- a : 1.0010~ 

A 

Af 

L A A 

1 .oooo F-A- --A-A A A A It** 1.0000 A 
A 

A 
A 

A 

A A 

A 
A 

0.9990 . P 0.9990’ 

BZ8, CSUB:2 

‘.OO’O ~ 

t 

0.9990 A 

I 
AA 

1.0000 * * A A i 
A A 

* A 

0.9990 1.... 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

829, CSUB:3 830, CSUB:4 83 1, CSUB: 1 832, CSUB: 1 
1.0010. w l.OOlOY ’ 7 1.0010~ a --I 1.0010- 

AA. 
A . 

A 
A : A* : 

ir 
1 .oooo A 

* A --t _______. ,.oooo :..A - ---A.~ A~ ~~~ 
t 

* 1.0000 A A A 
**A 

.AAt : AA 

-- --~----- ~~- 
l A *c 1 .oooo .A A A 

**A 
! 

*A. 

A A A 

A A 
. . A * 

A 
A 

0.9990 L--. A 0.99901 0.9990 I 0.9990 . 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

833, CSUB: 1 834, CSUB: 1 
1.0010. : 1.0010- 

*A t 1 *A i 

l.0000fA 
A 

* * ..... -...---. ~. A 
A 

A 
A 

: .1.0000fA A A AA. 
A 

A A 

835, CSUB: 1 

r%r 1 

036, CSUB: 1 

l’oolo/ 

1.0000~A A A * t 

A 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

Y3 



Normalized RVS with weighted 
quadratic fit 

@Quadratic function normalized at 10.75O A01 

@Channel 8 processed assuming Tsm=Tsvs 

l Channel 8 for 320K 3 data collect with - 
Tsm#Tsvs correction 
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Channel 8 Normalized <RVS>,, ScanS 63 10.75” vs A01 for 50 BCS Frames with Quadratic Fit 

(310~1 Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; Optimum CSUB; Repeat AOIs in Color) 

821. CSUB:l 023, CSUB:2 
1.03 

1 .oo 

0.97 

0.94 

0.91 

822, CSUB:4 
1.03 

820, CSUB:3 
1.03 

1 .oo 

1.03 

1 .oo 

0.97 

0.94 
1 

0.91 j 

10 20 30 40 50 60 70 

827, CSUB: 1 
1.03 [P-----j 

0.91 1 

10 20 30 40 50 60 70 

825, CSUB:2 
1.03 

1 .oo 

to 20 30 40 50 60 70 10 20 30 40 50 60 70 

828, CSUB:2 
1.03 

1 .oo 

824, CSUB:3 

1 .oo 

0.97 0.97 

0.94 

0.97 

0.94 
t 1 

0.94 
t 

0.91 c 

10 20 30 40 50 60 70 

830, CSUB:4 

0.91 j 

10 20 30 40 50 60 70 

831, CSUB:l 
1.03 

1.00 

0.97 

0.94 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 

832, CSUB: 1 829, CSUB:3 
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Note: Instrument & Source Drift Corrected via OBC bl (1st order); TSMfTSVS Term Excluded 



Channel 8 Norma 

(320K-2 Data Set; Mirror 
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1 .oo 

.lized <RVS>,, SCBnS @ 10.75” vs A01 for 50 KS Frames with Quadratic Fit 

A; w/50framex40scan Average and l-a Error Bars; Optimum CSUB; Repeat AOIs in Color) 

821, CSUB:l 822, CSUB:4 823, CSUB:2 

0.97 

1.03 1.03 1.03 

1 .oo 1 .oo 1 .oo 

0.97 0.97 0.97 

0.94 0.94 0.94 

0.91 0.91 0.91 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

1.03 1.03 1.03 1.03 

1 .oo 1.00 1 .oo 1 .oo 

0.97 0.97 0.97 0.97 

0.94 0.94 0.94 0.94 

0.91 0.91 0.91 0.91 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

1.03 1.03 1.03 

1 .oo 1.00 1.00 

0.97 0.97 0.97 

0.94 0.94 0.94 

0.91 0.91 0.91 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

1.03 1.03 1.03 1.03 

1 .oo 1 .oo 1 .oo 1 .oo 

0.97 0.97 0.97 0.97 

0.94 0.94 0.94 0.94 

0.91 0.91 0.91 0.91 

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70 

so 

Note: Instrument & Source Drift Corrected via OBC bl (1st order); TSMfTSVS Term Excluded 
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Channel 8 Normalized <RVS>,, ScanS @ 10.75” vs A01 for 50 BCS Frames with Quadratic Fit 

(32OK-3 Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; Optimum CSUB; Repeat AOIs in Color) 
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Note: Instrument & Source Drift Corrected via OBC bl (1st order); TSMfTSVS Term Excluded 
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Channel 8 Normalized <RVS>,, ScanS @ 10.75” vs A01 for 50 BCS Frames with Quadratic b’it 

(32OK-3 Data Set; Mirror A; w/50framex40scan Average and l-a Error Bars; Optimum CSUB; Repeat AOIs in Color) 
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Note: Instrument & Source Drift Corrected via OBC bl (1st order); TSMfTSVS Term Included 
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Normalized RVS (@ 10.75”) and Quadratic Fit vs A01 of 10 Channels for 3 lOK-1 Data Set; Mirror* A 

Polynomial coefficients result from the average (dashed line) of unsaturated channels 
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Normalized RVS (@ 10.75”) and Quadratic Fit vs A01 of 10 Channels for 320K-2 Data Set; Mirror A 

Polynomial coefficients result from the average (dashed line) of unsaturated channels 
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Normalized RVS (@ 10.75”) and Quadratic Fit vs A01 of 10 Channels for 320K-3 Data Set; Mirror A 

Polynomial coefficients result from the average (dashed line) of unsaturated channels 
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Quadratic Fit of Normalized RVS (@ 10.75”) of Unsaturated Channels vs AOI; Mirror A 
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