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Outline & Introduction @

1. FP6: to test along-scan and along-track spatial response

LSF = Line Spread Function & its derived optical properties:

1) FOV = field of view (dynamic for scan (DFOV), instantaneous for track
(IFOV)) - footprint size -> image resolution;

2) MTF = modulation transfer function - image quality for M-bands;
3) HSR = horizontal spatial resolution - image quality for I-bands.

2. FP4: to test scan and track spectral band registration
(SBR) (separation of line of sight (LOS) from a reference)
for band-to-band co-registration (BBR) performance
characterization.

3. FP5: to measure/predict pointing stability

1) Scan pointing variability relative to average scan speed and
average scan start positions;

2) Track pointing variability relative to rotation plane.

Note: 1. Day-night band (DNB) spatial performance (FOV/MTF/HSR) not assessed.
2. The results presented here are from Lab tests. On-orbit performance is expected to vary.
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FP6 Line Spread Function Tests @

Test configuration:

In scan direction, TMC SIS and BB source projected through

phased reticle slits

1)  Cold Performance Plateau (-21°C AOA) through ZnSe and Quartz
windows;

2) Nominal Performance Plateau (-11°C AOA) through ZnSe and
Quartz windows.

In track direction, TMC SIS and BB source projected through
stepped reticle slits in ambient only (limited test in TVac gave
similar [IFOV, MTF and HSR results).
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Image Resolution Specifications — FOVs @

« Scan Dynamic Field of View (DFOV), including integration drag
— Given by Full Width Half Maximum (FWHM) of Line Spread Function (LSF)
— |-bands, original Spec
* 11,12: 114 prad
- 13 108 prad Approved waiver Spec (RDW-047A)

o £10°
:‘5‘- 182 urag 1 123 prad (=0.79 ASls), £20%
. |5: ura

— M-bands: original Spec

M1 to M11: 382 urad

« M12, M13: 379 prad % Approved waiver Spec (RDW-047A)
+ M14, M15: 362 prad  ¥°7°( 393 yrad (=1.25 ASls) £10%

 M16: 364 prad )

» Track IFOV, without integration drag
— Given by FWHM of LSF curve
— |-bands: IFOV = 445.5 urad +5% >~ +10% Approved waiver Spec (RDW-047A)
— M-bands: IFOV = 891 prad +5%

* Note: un-aggregated angular sampling interval (ASI)
— l-bands scan ASI = 155.83 prad (128 m @ nadir)
— M-bands scan ASI = 311.66 prad (256 m @ nadir)
— I-bands track ASI =4455upuyrad (367 m @ nadir)
— M-bands track ASI =891 purad (734 m @ nadir
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Scan DFOV Results in TV

A-Scan DFOV in TV 4 Cold Perf + Nom Perf
1.4
1.3
1.2
1.1 S [
N\ Original Spec
= 1 Waiver Spec:
< o s M Bands = 1.14 to 1.39 ASIs
= = | Bands = 0.63 to 0.95 ASIs
% 0.8 M)
0 iy
0.7
0.6 Original Spec
0.5 ]
S2YyoosILezllgsLes2233937 848
=z === = = g
Band/Detector

1. Almost all 432 detectors meet DFOV waiver Spec. Most M-band detectors also meet original DFOV Spec.
2. Some detectors in bands I1, 12 are marginally out-of-Spec at Nominal Perf Plateau. Their DFOVs at Hot Perf
Plateau are expected to be a little worse.
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TraCk IFOV ReSUItS (Amb only) @

IFOV in Track direction
1.1 ‘ ‘ ; ‘
<
oes ¢+ 70—
% - Orlglnal Spec
E 0.9
Waiver Spec
0.85
®
0.8
O 0 9 @ o ¥ dy 23 L e-2 23 dY9 T YO
§§§§§§§§§§§§§§§§
Band/Detector

All detectors meet track IFOV Spec, except:
Known underperforming M12 D1 has IFOV way below Spec (too small).
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M-bands Image Quality Spec — MTF @

* M-band Modulation Transfer Function (MTF): the magnitude of the Fourier
transform of the sensor LSF as a function of spatial frequency in the scan and
track directions normalized to one at the origin.

« The MTF requirements are to exceed values specified
at fractional Nyquist frequency, which is the spatial frequency two
horizontal sampling intervals (HSI) apart:

o = (#j . MTF Reqs
nyquist 2% HS| \ |

2 g Desirable
< Region
§ 0.6 \
Nyquist Freq. Fraction MTF T 04— Undesirable
0.00 1.0 £ Reqi \
0.25 0.9 S 02+ egion
0.50 0.7
0.75 0.5 0 | i
1.00 (0'3) 0 0.25 0.5 0.75 1

‘ Spatial Freq (Nyquist)

Approved waiver Spec
(RDW-047A)
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Scan MTF Results in TV (codpem @

¢ 0.25 Nyquist Freq + 0.50 NF = 0.75 NF s 1.0 NF
1 Spec
0.9 ‘ ........ootmw /\ AERARANE MMH'OJ
0.8 Spec_ feoa e —
0’*”” A - AAAAAAA TIRR RPN 100l aasatttl Ralbihed
0.7 e
0.6
=
0.5
=
04
0.3 : %"74
0.2
\/ \V
0.1
0
i o 30} < n o N~ o0 (<)} o L] (o] o™ < n [a2]
= = = S = = = = = § § § § E § o
=
Band/Detector

» Many M-band detectors, such as M1-4, M11, odd detectors in M12 and M13,
are marginally out-of-Spec in MTF.

» M1, M11 is out-of-Spec due to LSF side lobe and/or “high heel”.
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Scan MTF Results in TV (Nom Perf)

MTF
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* M1 data from a special test at Hot Performance Plateau using bright SIS without band pass filter

» Many M-band detectors, such as M1-4, M11, odd detectors in M12 and M13,

are marginally out-of-Spec in MTF.
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Anomalous LSFs

M1LSF Comparison 1 of-Nomalized CARE UAID 3103954 Collect 001 Bond M11 Det 7 _
6% |\\ .07 I I I I I I
3 % !\\ s
3 4% J ‘ E
| 1\
£ 3% ' s
§ / — BPF off f\\ E
E 2% TN /{ --BPFon \\ ‘ EOA—
E Lo C‘ [ /i —HiSIS BPF off ‘-‘& :
= P SL/ - HisIS BPF on AT el
e W
// i FI'AnguIar Pos?tion from C:ntroid (ASI)H \N 0.0l I,; 72 71. .
Leading Sidelobe Trailing “high heel” FV Scan Distance Relative to Centreid (M Band Samp Intvl)
Bright SIS suppresses it. || Band pass filter M11 LSF, tralllng sidelobe
(BPF) masks it. 4 — 6%, 2.2 ASIs away from the
M1 LSF center of the main lobe

Trailing “high heel”
& leading sidelobe
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Track MTF Results am oy

* 0.25 Nyquist Freq + 0.50 NF = 0.75 NF + 1.0 NF

1 Spec

H’---JM Ly ] L

A
™ A, A
i YRy IR NN

N Y PR W o “A‘“““A..‘.mﬁn.u‘uu ha, M S e N Lo
LL 0.6 A"“‘ autte, [ U5 R T L e i fut e a'a, -ﬁ:"‘ g
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S 0.5 —
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S S S p S S S S S < S < = = = S
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MTF for all M-bands meets Spec in ambient.
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I-bands Image Quality Spec — HSR @

I-band Horizontal Spatial Resolution (HSR): the distance on the earth’s surface, both
in-track and cross-track, corresponding to one-half the longest spatial wavelength at
which the sensor MTF has dropped to 0.5

F L =0.5
2*HSR

1) HSR = 0.4 km @ nadir — ample margin in scan and track direction
(results not shown here).

2) HSR =0.8 km @ end of scan (EOS)
« Approved Waiver Spec to 0.9 km (171 uRrad = 1.096 Asis) in scan direction.
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Scan HSR Results in TV @

I-Bands HSR in TV s Cold Perf * Nom Perf

14
$ 13
o
s 12
D L] et S S N S— —
= witp WYL X
g- L0 | MMM veotstetere”d
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HSR for all I-bands meets waiver Spec.
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Track HSR Results (Amb only) @

DK
0.95 +—
Spec HSR at EOS

0.9 . .
) L3 P <
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HSR for all I-bands meets Spec in ambient.
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1. Overall, the tested spatial response parameters meet Spec, with

some detectors marginally out-of-Spec (in general, our results agree with RTN/NG
and AERO results, but there are differences due to different approaches in constructing LSFs).

2. In scan direction

1) Almost all 432 detectors meet DFOV waiver Spec. Most M-band detectors
also meet original DFOV Spec;

2) All I-band detectors meet HSR waiver Spec;

3) Many M-band detectors, such as M1-4, M11, odd detectors in M12 and
M13, are marginally out-of-waiver-Spec in MTF.

3. In track direction, all detectors meet IFOV, HSR and MTF Spec,
except: M12 d1, a known underperforming detector, that fails IFOV Spec.

4. On-orbit FOV, HSR and MTF performance is expected to be better
without ground test equipment effects such as TVac window & TMC
optical blur.

5. NG is evaluating impacts on EDRs from band M11 LSF side lobe

6. Marginal non-compliances to Spec (original or waiver) in spatial
responses (DFOV & MTF) do not significantly affect EDRs — further
waver Spec (BER-W249) has been approved.
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) FP4 Spectral Band Registration Tests @

Test configuration

TMC SIS and BB source projected through phased reticle slits in
both scan and track direction

1)  Cold Performance Plateau (-21°C AOA) through ZnSe and Quartz
windows

2) Nominal Performance Plateau (-11°C AOA) through ZnSe and
Quartz windows

3) Thermal Cycle (+28°C AOA) through ZnSe window (opportunistic
proxy for Hot Performance Plateau (-1°C AOA))
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Band-to-Band Co-Registration (BBR) Specification

“At least 99.7% of corresponding pixel samples”

M1 M2: M3 M4 : M5 : M6 : M7 | M8 | M9 | M10 : M11 M12: M13 : M14 : M15: M16 | |11 12 13 14 15
M1 0.64 :0.64 : 0.64: 0.64: 0.64 : 0.64 | 0.64 ; 0.64 : 0.64 : 0.64 : 0.64 : 0.64 : 0.64 : 0.64 i 0.64 | 0.64 : 0.64 ; 0.64 : 0.64 : 0.64
M2 0.64:0.64  0.64: 0.64:0.64 064 064 0.64 064 0.64:0.64:064 064 0.64 | 0.64 | 0.64: 0.64: 0.64 : 0.64
M3 0.64 : 0.70 ;| 0.64 | 0.64 ; 0.64 | 0.64 ; 0.64 i 0.70 | 0.64 | 0.64 | 0.64 | 0.64 | 0.64 | 0.64 | 0.64 : 0.64 ;| 0.64 ;| 0.64
M4 0.64 :0.64 :0.64: 0.64:0.64 064 0.64: 0.64 : 0.64 | 0.64 | 0.64 | 0.64 | 0.64 { 0.64 | 0.64 : 0.64 ;| 0.64
M5 0.64 :0.80 : 0.64 : 0.64 : 0.64 : 0.70 : 0.64 ; 0.64 : 0.64 | 0.64 | 0.64 | 0.64 : 0.64 : 0.64 : 0.64 : 0.64
M6 0.64 i 0.64 | 0.64 : 0.64 ; 0.64 | 0.64 | 0.64 i 0.64 | 0.64 | 0.64 | 0.64 | 0.64 : 0.64 ;| 0.64 ;| 0.64
M7 0.64 :0.64 :0.64: 0.64:0.64 : 0.64 : 0.64 i 0.64 | 0.64 | 0.64 ;| 0.64 | 0.64 : 0.64 ;| 0.64
M2 0.64:0.64 064064064 064 064} 0.64 | 0.64 | 0.64: 0.64 : 0.64 ; 0.64
M9 0.64 | 0.64 | 0.80 : 0.80 { 0.80 | 0.80 | 0.80 | 0.64 | 0.64 : 0.64 i 0.64 ;| 0.64
M10 0.64:0.64 064064064 0.64 | 0.64 | 0.64 ! 0.64 ! 0.64 | 0.64
M11 0.64 i 0.64 | 0.64 : 0.64 ;| 0.64 | 0.64 ; 0.64 i 0.64 | 0.64 : 0.64
M12 0.80 : 0.80 : 0.80 : 0.80 | 0.64 ! 0.64 | 0.64 ;| 0.64 | 0.64
M13 scan_____, " 0.80 | 0.80 | 0.80 | 0.64 { 0.64 { 0.64 { 0.64 | 0.64
Detector position compensated »r

14 . . for sample time interval 0.80 ¢ 0.80 ; 0.04 : 0.64 { 0.64 { 0.64  0.64
M15 wack . : Acentroityac 0.80 | 0.64 : 0.64 : 0.64: 0.64 : 0.64
M16 0.64 : 0.64 : 0.64 : 0.64 | 0.64

1 —> <— Acentroid ., 0.80 i 0.80 { 0.80 : 0.80

12 P 0.80 ;| 0.80 | 0.80

13 b R 0.80 : 0.80

| A AR U i 0.80

3 P4 |
IE. \\,"’ --T ----------- EOS_HSRtrack
i ; h detfrom
. ' i / Band B v . .
. : . ’ oo e DDR = (1-ACentroid_track) * (1-ACentroid_scan)
BandA | BandB detfrom e for un-aggregated pixels.
- _ 'EOS_HSR.n
corresponding detectors (pixels) - . . .
BBRgq 70, ~ Min(DDRSs) w/in band pair

Note: Specified HSR(or ASR)@EOS is almost exactly as HSI (or ASI)@EOS
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i o

N

> VIIRS Band/Detector Physical Layout

Timing Offsets (in Moderate Band IFOV units) Relative to Focal Plane Reference Axis

S/WMIR FPA bands spread out the most in scan direction,

3 focal planes: VisNIR, SWMIR, LWIR; + 1 DNB (no BBR Spec)
21 bands (16 M-bands (M16A, M16B merged in space or just sent down one), 5 I-bands)

20 15 10 5 0 -5 -10 -15 -20

VIS/NIR [l ]

FPA — — — ] ] -

\B i€ M5 MZ 2! i1 M2 M2 M]

SIWMIR ] = ] | ] —! ] — [ —

FPA | | || | | | | D D | |

M Mé 11 M1 3 4 12 M13
LWIR ] — ] — —
FPA | || a D
M14 M 15 M1i6B M16A 15

38 samples apart from M13 to M9

16 detectors in each M-band; 32 detectors in each I-band
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Apparent FPA Centroid Motion in TVac

o1 FPA Relative Motion in Tvac
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CP = Cold Perf, NP = Nominal Perf,

* FPA centroids do move as temperature changes
« We can estimate SBRs at Hot Performance Plateau
 FPA centroids are close to each other

Lin et. al., 20100125

HP = Hot Perf, TC = Thermal Cycle

Science Data Segment / NICSE

20



<

one

%) Track Relative Registration

Band Avg Trk Reg relative to I1 in Cold and Nom Perf TV
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«  SWMIR and LWIR FPAs move closer to VisNIR FPA as temperature goes up

« Track SBRis not adjustable, but it is pretty good as is
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™) Scan Relative Registration

0.2

0.15

0.1

0.05

-0.05
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Scan (Relative) Reg (M Sampl Intvl)

-0.2

Band Avg Scan Reg Relative to I1 in Cold and Nom Perf TV
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Band Name

« The upward slopes within FPAs indicate mismatch between effective focal length
(EFL) and scan speed (already maxed out), which causes mis-registration between
edge band pairs (e.g. M9 vs M13)

«  M12, M13 are the farthest away from the LWIR bands
« Scan SBR is adjustable through uploadable tables
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Worst BBR @ Cold Perf Plateau
|<---Worst BER = Minimum{12 or 24 DDR (detector-to-detector co-registration) pairs for HAM A and B sides) =

Band| M1 | M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9 | M10| M11|M12| M13 | M14|M15|M16AM1GE| 11 | 12 | 13 | 14 | IS

M1 097:094:097:089:087 091: 0586 084:094 082:086 087:085 088:090:086 093:092:091:094:087| &
nm2| 0 094:097:089:088:092:086:084:096:082;083:089;085:088:090:088:094:092:092:094;087
M3 | 0 0 096:094:092:097:091:089:093:088:085:086{090:092:094:093:099:097:097:095:0.92
Ma| 0 0 0 092:090:095:089:087:094:085:086:087:088:090:093:0.91:096:095:0.95:0.96:0.90 ;
i ImMs | 0 0 0 0 0.98:096:097:0.95:0.90:0.92:0.82:0.83:0.94:0.95:0.91:0.94:0.95:0.96:0.94:0.92:0.93] T
E’. Mo | O 0 0 0 0 095:096:096:089:093:081:081:095:094:1090:093:093:095:0.93:0.91:0.91 ;
@ m7| 0 0 0 0 0 0 094:092:093:090:085:085:091:093:094:094:098:099:097:094:092| =
..E M2 | 0 0 0 0 0 0 0 096:089:082:083:082{094:095:092:094:092:094:094:092:0.93 -==t
; Ma| 0 0 0 0 0 0 0 0 0.87:095 U.EB“ 0.96 0.94:0.89:0.92 0.90:092:0.92 0.90 091 &
@ |Mi0| 0 0 0 0 0 0 0 0 0 084:089:089:085:088:091:089:093:093:095:097;087 E
=@ |[M11] 0 0 0 0 0 0 0 0 0 0 0.81:078{093:090:086:089:088:090:089:0286:0.288 :
Z |Mm12| 0 0 0 0 0 0 0 0 0 0 0 0.92:0.83:0.86:0.87:0.86:0.85:0.84:0.87:0.90: 0.87] 2
E M13| 0 0 0 0 0 0 0 0 1 0 0 0 ‘U.EE 0.84:082:0.86:0.85:0.86:0.89:0.81 E
= |Mm14 0 0 0 0 0 0 0 0 0 0 0 0 B 0.96:0.92:0.95:0.30:0.91:0.90:0.88: 0.94] E
= |M15| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0.95:0.98:0.92:0.94:0.93:0.91:0.97 E
= jaiea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.97:095:094:096:0.94:0.96]
E 168 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0.93.094:094:092:097| &
T 11| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :0:0 0.96:0.94:0.89:0.81] <
;‘i- 12 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :0 00 0.93:0.88:0.82 E
13 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :0:0:0 &0 0.93:0.81 E
a4 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : 00 :¢0 v
v lis| o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : 000 5

| # of detector pairs having BBR out-of-Spec =

@ Red = out-of-Spec BBR
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Worst BBR @ Nominal Perf Plateau

|<---Worst BER = Minimum{12 or 24 DDR {detector-to-detector co-registration) pairs for HAM A and B sides) ----=|

Band| M1 | M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9 | M10| M11| M12| M13 | M14|M15|\M16aM16B| 11 | 12 | 13 | 14 | I5

M1 096:095:097:089:087:091:084:083:095:081:089:090:086:080:0592:090:0594:0893:091:093:0.389
T= M2| 0 095:097:089:087:091:084:083:0595:081:092:092:086:089:0592:090:0594:0593:091:0593:0.389
M3| 0 0 098:0594:091:096:089:087:096:085:089:090:/091:0.94:095:0.94:099:097:095:097:0.94
Ma| 0 0 0 092: 059 :094:087:086:097:084:069:090:089:092:095:0.93:0958:096:094:0.96:0392
u M5 | 0 0 0 0 097:097:095:093:093:090:086:085:096:096:092:094:094:096:0.95:0.95:0.93
2me| 0 0 0 0 0 095:097:095:091:092:084:083:097:094:089:092:0.92:0.94:0.96:0.93:0.91
% M7| 0 0 0 0 0 0 092:091:095:088:087:088:0594:096:093:096:097:095:095:097:0.95
= M8 | O 0 0 0 0 0 0 096:089:0893:084:082!095:0.91:0.88:0.91:0.89:0.91:0.93:0.91:0.89
; Ma| 0 0 0 0 0 0 0 0 0.87:0.96 U_EE‘ 0.93:0.90:0.85:0.88:0.88:0.89:0.92:0.89:0.88
2 |m10| o 0 0 0 0 0 0 0 0 084:090:089:089:0592:0595:0593:0597:0596:0595:087:0.M
= |M11| 0 0 0 0 0 0 0 0 0 0 0.82:078:090:0.87:0.83:0.86:0.86:087:0.89:0.87:0.85
E Mi1z| 0 0 0 0 0 0 0 0 0 0 0 0.92:087:0.90:091:0.90:089:0.88:087:0.90:0.90
g |[M13] 0 0 0 0 0 0 0 0 1 0 0 0 0.83:0.86:0.88:0.86:090:089:087:0.89:0.85
E |Mm14| O 0 0 0 0 0 0 0 0 0 0 0 0 0.96:0.92:0.95:0.91:0.92:0.94:0.92:0.94
s |M15| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.95:0.97:0.94:095:096:0.94:0.97
E jaien 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.97:0.95:0.94:0.92:0.96:0.95
= 168 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.95:0.96:0.95:0.95:0.97
:'__ 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.96:0.91:0.96: 0.83
i 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0.94:0.96:0.85
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0.93:0.84
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0.82
v|is 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0

[=

Lin et. al., 20100125

# of detector pairs having BBR out-of-Spec
B8 Red = out-of-Spec BBR

1% Brown = # of detector pairs out of Spec

=

|

Minimum{DDR pairs for HAM A and B sides] ---

Worst BER

|<---

Science Data Segment / NICSE
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one

") Estimated Worst BBR @ Hot Perf Plateau

|<---Worst BER = Minimum{12 or 24 DDR {detector-to-detector co-registration) pairs for HAM A and B sides) ----=|

Band| M1 | M2 | M3 | M4 | M5 | M6 | M7 [ M8 | M9 [M10] m11]M12| M13| M14|mis|miealmies] 11 [ 12 [ 13 [ 14 [ 15
M1 096095 097 089 087,091 082,081 092 078 093,093 087:091:0931091:094:093:088:0.91 0.90
= [m2] 0 0951097 089:087 091 082 080,091 078 094 096087 090093 091 094093088091 090
i [m3] 0o 098:094:091:096 086 084 094082 092:092:092:095:096095:099:097:092:095 095
i mal 0 0 o 092:090 094 085 083 093 080,093 094:091 094 096 094098096 090 093 0.93
ilms| 0 0 0o 097:097 091,089 095 087 090088 097:097:093:095:094:096:0.96:0.97 0.95
glmel 0o 0o 0 00 095093 091 093089 083 085:098 095 090093092094 098096 092
@|m7[ 00 0.0 00 089:087 096 085 091090 095:097:094:097:097:0.98:0.94:098 0.96
Z|ms[o o0 0 0 00 0 096:089 093:084 082:092 089 085 088 087 088 093 091 0386
Sfme[o 0 0o 0o 0i0 0o 0 087 096 082 38 090 087.083.085:085:086:092:089 085
om0 0 0 0 000 00 0.84:0.90 0.89:0.92 0.95 0.93 0.95 0.94 0.95 0.95 0.97 0.93
o[mil o 0o 0 0 0:i0 00 00 082078 088:085:080:083:082:083:089:087 082
S[m2l 0 0 0 0 o0i0 0.0 0.0 0 092:089 093 094 092093092087 090,093
Sfmsl o 0 o o 0i0 0o o ZHEO0 0 0 086089:091:089:093:0.91:0.87:0.89 088
E|maf 0 0 0 0 0 0 0 0 0 0 0 0 0 096092 095092 093097095 094
= [mis 0 0o 0o 0 0 0 0 ©0:0 0 .0 0.0 0 095 097 095 096 094 097,097
Shed 0 0 00 010 0 0 0.0 0:0 0:i0 0O 097 096 095 090 093 095
Efeg 0 0 0i0 0i0 0.0 0i0 0i0 0i0 0 0O 0.96 097 092 096097
S w00 o0i0 0i0 0.0 0:0 0:0 0:i0 0 0 0 0.96 0.83 0.90. 0.85
¥l relo o000 0:0 0:0:0:0 0 0 0:0:0 0:0: 0 0.86 093:0 87
i3]0 0 0i0:0 0 0.0 :0 0:0:0 0 0:0 0 0 0:0 093 3|
iJmw][o 0o o0oi0 o0io 0.0 0i0 ©0i0 0i0 0 0 0 0 0 0O 0.85
vl o 0 o0 o0oio0 0,0 0,0 ©0;0 0;0 0 0 0 0 08 0
|= # of detector pairs having BBR out-of-Spec =|

Lin et. al., 20100125

B8 Red = out-of-Spec BBR

Science Data Segment / NICSE

Minimum(DDR pairs for HAM A and B sides) ---->|

|=----\Warst BBR
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NP

Scan Relative Registration

can be adjusted for better BBR between M12/M13 and LWIR bands

ot
o
a1

5
a2
'_I

o
[

Scan (relative) Reg (M-Samp Intvl)
o

ot
o
¢l

L

Band Avg Scan Reg Relative to I1 in cold and Nom PTV

—+—ColdPerfTiming2 A 4
| —m—NomPerfTiming2 AN~
o.m e |m|ng | ‘,l\\( ‘
-~-EstimateHotPTiming2 N LAY,
.---f,/
AN -
f-lﬂ"_/ "’;!—-ijv' Y’r""
B
<2 /o——/
V
- VisNIR FPA . na S/MWIR FPA = , LWIR FPA —
B — | . —
s = - oy — ~] - uwy e Lar] ~l -+ Lar] - v == = uy -eﬂ: o U ] -+
z= = =2 = = 2 2 2 = =z =2 = S < = =
Band Name

« Recommend further scan timing adjustments in exchange of BBR between M9 and
LWIR bands (Spec’d BBR between M11/M8 and all other bands is less stringent)

Lin et. al., 20100125

Update uploadable tables to FSW to accomplish the following:
W/MWIR FPA up 4.62% relative to VISNIR, while 13,14 down 5% relative to M-bands
LWIR FPA down 2.55% relative to VISNIR FPA

Science Data Segment / NICSE
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BBR Improvements

Band | M3 | M12 | M13 | M14 | M15 |m16A|M168| 14 Band| Mo | m12| m13 | m1a MIEWMIEB | 15
M9 0.82 093:090: 085088089088 M9 0.82 086083 0.81:0.84: 0.8
t M12 | 0 0.92:0.87:0.90:0.91:0.90:420. 0900 ______ D12l o037 0941 096:092:095 95094
Mi3| 1 0 083 086 088086 89085 M3 0 | 090:093:094 093:§94:092
D |ma] o o 0 0.96:092:095:0.92:0.94 Mid| 0§ 0 0 096:092 095004 094
D_ MIS| 0 i O 0 0 095:097i094:097 MI5| 0§ 0 0 0 0.95 0.97:0.96:0.97
MisA| 0 : D 0 0 0 0.97:0.96:0.95 misal 1= 0 0 0 0 097 :094:095
MigB| 0 : D 0 0 00 0.95:0.97 MisB| 0 | 0 0 0 0 i 0 097:097
E I | 0: 0 0 0 0 i 0 0 096083 THEERN 0 0 0 i 0 0 096 086
@) 2 |0 0 0 0 0 i 0 0 0960385 2 |0 0 0 0 0 i 0 0 i095 085
Z 13 |0 0 0 0 0 i 0 0 :093:084 3|0 0 0 0 0 : 0 i 0 i093:080
| 0 0 0 0 0 i 0: 0 082 M | 0 0 0 0 0 i 00 0 86

I5 | 0 0 0 0 0 : 0: 0 0 5 | 0 0 0 0 0: 0100
Band | M9 | M12 | M13 | M14 | M15 [M16a|M16B| 14 | IS Band| M3 | M12| M13 | M14 | M15 |M16A[M168) 14 | 15
M9 U.ESHU.EE 0.94:0589:092:090:091 M9 0.83 0.89:087:082:085:0.85 0.84
t M12| 0 094083 086087 086:f20.08]_—__J el 0. 093]090:093 094:093 (94:094
M1zl 4 o n82:i084:i082 pbegtosil M3 0 ¢ ’|086:089:091:089:Q93:038
G) M14| 0§ 0 6 0.96:0.92 095:0.88:094 Mi4| 0 : 0 0 0.96:0.92:0.95:0.90: 0.94
D_ M15| 0 i 0 0 0 095:098:091:097 M15( 0 : 0 0 0 0.95:0.98:0.93: 0.97
misa| 0 i 0 0 0 0 0.97:0.94:0.96 MigA| 0 @ 0 0 0 0 0.97:0.96: 0.96
-O Mige | 0 0 0 0 ] 0 0.92i0.97 mMice | 0O 0 ] 0 ] ] 0.94: 097
— 1 0 0 0 0 i ] 0 iD89i0 81 11 ] ] ] ] ] ] 0 :089:0.84
O 12 ] 0 0 0 0 0 0 i0B88in g2 12 ] ] ] ] ] ] 0 i0.87:0.82
O 12 ] 0 0 0 0 ] 0 i093i0.81 k) ] ] ] ] ] ] 0 :093:0.84
m | o0 0 0 00 0 M |00 0 0 0 010 0.81

I5 | 0 0 0 0 :0:i0 0318 I5 [ 0 0 0 0 0 0 0:0:0

Lin et. al., 20100125

Before After

Science Data Segment / NICSE
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L@> Rationale for Further Scan Timing Adjustments

EDR Band M9 [ M12 | M13 | M14 | M15 | M16
ID# Wavelength {um) 1.378| 3.7 | 4.05 | 8.55 |10.76 | 12.01
1 |lmagery x ® * X X X

Sea Surface Temp % X X
Cloud Base Height X X X X X
Cloud cover/Layers X X X X X
Cloud Optical Part Size X X X X
Cloud Thickness X X X X
Cloud Top Height X X X X X
Cloud Top Pressure X X X X X
Cloud Top Temp X X X X X
Land Surface Temp. X X X X
12 [Active Fires X X X
16 |Surface Type X X X X X
28 [Total Prec Water X X X X X
mCInud Mask (IF) X X X X X X
Ocean m [SWIR[MWIR[LWIR
Land ¥ |Denotes bands that are Not
Aerosol primary inputs into algorithm.
F Used as internal check for
lce and Snow algorithm.

Courtesy of Hassan Oudrari

« Band M9 is used once for VCM and 0 EDR with other bands
« Bands M12/M13 are used in VCM and 12 EDRs with other bands

« M12/M13 vs LWIR band co-registration is more important than M9 vs LWIR
band co-registration

Lin et. al., 20100125 Science Data Segment / NICSE 28



Summary of Relative Registration Testing

1. BBR from ground tests meets Spec except for a few
detector pairs (Our results are comparable with RTN & AERO results < 2%)

2. The main scan error source is the mismatch between
scan rate and EFL, which causes mis-registration
between band pairs on edges of FPAs

3. On-orbit effects, e.qg., spacecratft jitter, FPA-FPA thermal
displacements, are expected to make BBR for some
band pairs worse

4. Recommend further scan timing adjustments to improve
more important BBR between M12/M13 and LWIR
bands (~ 7%) in exchange for less important BBR
between M9 and LWIR bands

Lin et. al., 20100125 Science Data Segment / NICSE 29



FP5 Pointing Stability

Lin et. al., 20100125 Science Data Segment / NICSE 30



Offsets of RTA/HAM from linear motion

U3103288 CL1 Scan 1 - 10 RTA motion from the Average Rotation Rate

RTA

15

10 ——scan 1

—=—scan 2

5 = scan 3
—=—scan 4

—=—scan 5

—s—scan 6

deviations(arc-secs)
[=]

5 —+—scan 7

scan 8

scan 9
-10

—+—scan 10

-15

Time (seconds)

RTA offsets are pretty small

U3103288CL1 Scan 1 - 10 HAM Motion from the Average Rotation Rate

—ccan 1

~ HAM o

scan 3
- A —=—scan 4
=
—=—scan 5
a —=—scan &
( 0.1 o / 05 0.6

—=—scan 7

= ——scan 8

- scan 9

15

deviationarc-seconds)

-10

-15

seconds

HAM offsets dominate the pointing variability in scan direction

Lin et. al., 20100125 Science Data Segment / NICSE 31



Pointing Variation due to
“ Variable Scan Start & Non-Linear Scan Rate

U3103288 CL1 Scan 1-10 Pointing Variation
around an average scan rate: 3.531068 rad/s
(from the bottom: Scan 6,2, 7,3, 8,4,9,5, 1, 10)

15
E —=—=scan 1
10 ;
5

RS A IS A A =

—=—scan S
—=— scan &

scan §
o

—— scan 8

—— scan 9

scan 10

s
=]

-15 L

Time(secs)

Example pointing deviation from average scan rate and average scan start bias

Scan pointing follows the curves with full complement of

RTA/HAM encoder/timestamps information.

This would be the pointing error in scan direction if the sample
spike events cause the loss of timestamps.

Lin et. al., 20100125 Science Data Segment / NICSE 32



F1 scan plane tilts

In Ambient test w/ VIIRS on Rotab

Locus of average ORS elevations (~ VIIRS optical centerline) in ORAC (red) and VMA (blue) Frames

_150_ .............. \; ...............

-200 :
5 -_

A0pf - Sonac
B'U'

F !

F1 Scan Plane (Rotab)

= +84.89" sin [G’- 43 2698 ” ) 1 2?.BI]

°) +2? 80"

===> Cune axis tilt = 89.71° 'f Cone half- angie complement = -2? 80"

===> Cnne:axls tilt = 84.89" Hf Cone halfangle complement = -2? 80"

Lin et. al., 20100125

150

50 0 -50

-100

-150

Scan azimuth angle 2 referred to +Z Axis of ORAC or VMA frame, deg

Possible along track pointing variations

From SBRS: STS_Meeting_Pointing 8 Aug 07.ppt (8/8/07)

Science Data Segment / NICSE

(5

@

]

g

©
X

[
2

©

z

2 |

‘t _50 ..................... R O—— .............. |

o -

o -

m .

_Q_ 0 ikttt Bt ttiun? s / L bttt T et ek —-!:—_

> —

< 5007 Blue — Relative to VIIRS
> Mech Axis (VMA)

8 100 !

< Red Relative to Optical
0 150 Ref. Assembly Cube (ORAC)
o .

& 200 ORAC A6, ORAG 40, - | solid 'éii'riiré”r'i;é's ='asin (¢ + 'l'x' jre
r’g ml“'= '_;g"_'l]]'l]]o gi;: oRAL éffsets from :gﬁg . | Dashed curve; fits:B=asin(e + h)

o | R0l 3348 gravilyframe during 54727 | where a, b, __an_d_!:___a__re__!:_!J_nsla_nts_t_q_hﬂ_ft__

= 250 0 -36.00% each|ORS sighting +54,36" : : :

g : +56.06 3044 : +5li._BB :

@ A9, ?f;f?ﬂuﬂh{gﬂ%u,. 000" (ORRE p?be_‘;;;gf:afl:‘g‘;} +27.00" ;| [FurrPsP1 {uag.July 07,0N ROTAB_}|

[T 300 | | | 1 1
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VisNIR FPA LOS Variations Predicted by
STOP (Structure, Temperature and Optical Performance) Model

VisNIR Scan LOS A lar Displ t (Object Space) vs. Orbital Position
For Various On-Orbit F1 NPP Thermal Cases (2 orbits, 57 Angles In EarthView [ S6:2:56])

< 1ok o ' = Daily scan 25.7 arcsec
o cols
Spec = 30 arcsec

Displacement

Orbital Cold 15.4 arc-sec w/NUF
Orbltal Hot 25.7 arc-sec wﬂ\l‘U‘F

2 2.5 3 3.5 4 a5 s 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10
Orbital Position

VisNIR Track LOS Angular Displacement (Object Space) vs. Orbital Position
For Various On-Orbit F1 NPP Thermal Cases (2 orbits, 37 Angles In EarthView [-56:2: 56])

Orbital Cold 29 arc sec w/MUF 353
Orbital Hot 44.9 arc-sec w/MUF :

o o ok
[=I=1—I—1—]—}

Daily track 44.9 arcsec
Spec = 30 arcsec
Waiver to 45 arcsec

HQHNW&MO\\JW\OOHNWKW

Displacement (urad)

2 2.5 3 3.5 4 4.5 s 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10
Orbital Position

Courtesy of RTN Pointing PVR
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N

e Summary of Pointing Stability @

1. Overall, Pointing meets Spec.

2. Models show that dynamic thermal pointing variation is
expected to be large and must be compensated for in
IDPS S/W.

3. Sample spike events (only occurring in redundant
electronic side A) may result in potential loss of
RTA/HAM encoder information. A contingency plan for
geolocation should be developed.

Lin et. al., 20100125 Science Data Segment / NICSE 35



Backup Slides @

1. BBR with on-orbit effects

2. BBR results with proposed new scan timing
adjustments

Lin et. al., 20100125 Science Data Segment / NICSE 36



including jitter
CF

On-orbit BBR with other effects

Units: ASR

Requirement

14 | M12 | M13 | M14 | M15 | |5 | M16A

0.6400.800/0.800

0.640 ID.BUD 0.800)0.800

O.BU[}IO.64U 0.640]0.640{0.640

[]'.640'[]'.800 0.800j0.800{0.800

M16B | 0.640|0.640|0.640|0.640/0.640]0.640{0.640(0.640]0.6400.6400.800 0.640|0.640

0.640

0.64{}'0.800 0.800(j0.800{0.800]0.640| 0.800

M9 vs other bands

M12 / M13 vs LWIR

Lin et. al., 20100125

Source: NG BER-W230R2
(RTN RDW-W024B)
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Worst BBR @ Cold Perf Plateau

(Potential BBR improvement for bands M12/M13 with LWIR bands)

(Scan timing adjustments from Nominal Perf Test (+proposed) have been applied to the measurements in Cold Perf Test)
[ — Worst BBR = Minimum{12 or 24 DDR (detector-to-detector co-registration) pairs for HAM A and B sides) ------- =

Band M1 | M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9 | M10 | M11 | M12| M13| M14 | M15 [M16A|M16B| 11 | 12 | 13 | 14 | I5

M1 097:094:097:089:087:091:;082:079:091:078:090:091;087:090:092:090:093:0592:0592:054:059 I
n M2 0 094:097:089:088:092:082:079:092:073:092:093:087:090:092:090:0594:0592:0592:0594:0590
M3 | 0 0 0.96:094:092:097:086:085:097:083:0.89:090:092:095:0.91:0.94:099:097:097:0.94:0.93
Ma| 0 0 0 092:090:095:085:082:095:080:091:092:090:093:093:093:096:0895:0895:096:082 ;
i M5 | O 0 0 0 0.98:096:092:0.90:095:087:086:087:096:093:0.89:0.92:0.95:0.96:0.94:0.91:0.90] B
g Ime| 0 0 0 0 0 095:094:092:094:089:085:086:095:091:087:090:093:095:093:0.90:0.59 ;
t.nl:.l- M7 | 0O 0 0 0 0 0 0B89:087:093:085:089:090:093:095:091:094:093:099:097:094:093| =
E M2| 0 0 0 0 0 0 0 096:089:092:083:082:091:088:085:087:087:089:089:0.87: 0286 .::l:t
2 |ma| 0 0 0 0 0 0 0 0 0.87:095 U_ES‘U.BH 087 :082:085:086:087:087:085:084 :.l'i-"
E M10| 0 0 0 0 0 0 0 0 0 084:089:089:092:095:092:094:097:095:096:094:0892 E
E, Mi11| 0 0 0 0 0 0 0 0 0 0 081:078:086:083:079:/082:083:/085/084:082:081 :
E M12| 0 0 0 0 0 0 0 0 0 0 0 092:090:093:094:093:089:089:092:094:094 E
= IM13| O 0 0 0 0 0 0 0 1 0 0 0 086:089:091:089:090i090i091:093:0838] E
E Mi4| 0 0 0 0 0 0 0 0 0 0 0 0 0 096:092:095:092:093:093:090:094 E
= |mas| o 0 0 0 0 0 0 0 0 0 0 0 0 0 0.95:098:095:095:095:093:097 E
‘% 16 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.97:092:091:094:096:0596] 4
E 6y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.95:0.94:096:0.94:097 E
s 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.96:0.93:0.89:0.84]
“:" 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.92:0.87:0.82 E
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.93:0.84 3
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.81| ¥
v |5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

|= # of detector pairs having BER out-of-Spec =
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(Potential BBR improvement for bands M12/M13 with LWIR bands)

(Proposed scan timing adjustments have been applied to the measurements in Nominal Perf Test)
|=-—-Worst BER = Minimum({12 or 24 DDR (detector-to-detector co-registration) pairs for HAM A and B sides) ----=|

') Worst BBR @ Nominal Perf Plateau

Band| M1 | M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9 | M10| M11|M12| M13| M14 [M15(micalmicee| 11 [ 12 [ 13 [ 14 | IS

M1 096:095 097 089 087:091.080 079091 077,092 094:089:092 092 092094 093:091:0931092
7 [m2] o 095097 089.087:091:080 078 090 076:092:096 089092 094 092 094:093:091 093 091
P M3 0 0 098:094 091 096 084:083 093 081 093 094 093 096 092:095:099:097 096097 094
P mal 0 0 0 092:090 094 083 081:092: 079 093 095:092:095:093:095:098 096094096 0 94
iIms[ 0 0 0o 097097 090:089 097:086090 090 096:093:089 092:094:096:097 095 091
g ms| 00 0 0 0 0951092 090 096 088088088 095091 087:090:092: 094 095093 089
@m0 0 0 0 00 088 087 095 084 092:092:096 095:091:094 097 098099097 093
Sl ms] 0 0 0 0 00 0 096 089 093 084 082:088 085 081 084 085 086:088 086082
S me[ 0 0 0 0 00 0 0 087096 0.82 MK 0.56 0.3 MM 0.81 083085 0.870.84 0.8
Elmwo 0 0 00 0 0 0 0 0 084:090 089095092 089:091:093:094 096093 089
M 0 0o oo o0 00 0 0 082:078:083 080076:079:081 082:084:082 078
SIm2l 0 0 0o 0 00 0i0 0 0 0 092:094 096:092 095 094:093:092 0951094
S[miz 0 0 0 0 00 0 0 40 0.0 090093094:093:095:094:092 094 092
Elmial 00 00 oioioio o0 00w 096092 095094 095 096094 094
=fmi5] 000 0 0 0io:0 0 0:0 0 0 00 095:097.096:096:095 096 097
ShMwed 0 0 0 0 0 0 0 0 FdE0 0 0 00 0 097:093.092:090 094095
Bed 0 0 0 0.0 00 0i0 0 0:0:0 0 00 096:095:093:097 097
s mn]o o 0o 0o 0f0:0i0 0 0 0:0:0 0:0 0:0 0960 92:0.96 0 86
*l2|0o 0 0:0:0 0 0.0 :0 0:0 .0 0:0:0:0 0:0 095095 085
i3]0 0o o0oio0 0 0 0 0.0 0:0:0 0 0:0: 0 0:0:0 093 080
ilmw[o o o0oio0 0 0 0 0 0 0:0:0 0:0:0: 0 0 0 0:0 086
v w]o o oio 0o 0o 0.0 0 0:0:0 0 0:0 0 0 0:0 0 0

| # of detector pairs having BBR out-of-Spec =|

Lin et. al., 20100125
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>|

Minimum{DDR pairs for HAM A and B sides) ----

|=---Worst BER
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