S-NPP Ozone Mapper Profiler Suite
Nadir Sensor Performance

*C. Pan, X. Wu? and L. Flynn?

Satelte Velocity * 1 ESSIC, University of Maryland, College Park, MD 20740; 2
: NOAA NESDIS/STAR, College Park, MD 20740

.. Spacecraft
~ Downlink

> “Wimer SUOMI NPP SDR Science and Validated
> o N Product Maturity Review
. J[\ December 18-20, 2013
~S R, 5830 University Research Court, College
% Park, MD 20740

o 250 km X250 km

Aerosol Index Ozone map o 56'2 i'r‘1dé"x
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r“”" ™A 79 Center for Satellite
S | J‘* ”\_ Applications and Research

Topics

* Sensor noise

* Dark current
— Distribution
— Dark generate rates
— Readout noise

* Linearity
— LED output drift
— Nonlinearity
— Calibrated residual

« Wavelength registration
— Dichroic shift
— Orbital variation and intro-orbital variation
— Cross-position variation

* Absolute solar irradiance
 Normalized Earth view irradiance
» Stray light
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Center for Satellite
Applications and Research

Earth view noise < 0.1 % RMSR

RMSR after removal of 6 EOFs
L v ' T T v T |

0.20 1
EOF analysis for NM

o
;

RMS in % of Average Radiance

320 340 360 380
Wavelength, nm

Noise in the SAA causes noticeable uncertainty for NP @ wavelength < 290 nm

19 December 2013 SNPP OMPS Product Review Meeting 3



A T Center for Satellite
2 I8 Applications and Research

Solar view SNR > 1000

Working Diffuser

4000 SARAARA [T RERLERRAR [T LR R LA ] 4000 ———— ]

- pos: 1

3000 3000 £ pos:3 3

Z 2000} 2000 s

1000 s 1000 -/ ....................... E

: required required _

O F RN IR TR [N E NN [ IR Lo aa a0 | TR RN : 0 F 1 | 1 L L | L L L | L L L | L L N | N L ]
240 250 260 270 28 290 300 310 300 320 340 360 380 400

wavelength nm wavelength nm
Reference diffuser has a similar pattern and also meets the requirement.
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Occurrence

g ;’\ I_D Center for Satellite
L0 0 Applications and Research

Increasing dark currents, as expected

OMPS Nadir Mapper Dark Current Histogram
Bin Size = 0.008 Counts/Second

10000F - —_— — : - :
- A — 4k NM ]
2013/09/22 smmmmu= i = _ ]
1000:— = E E
3 L —
n ok E
100 — — = .
: 3 2 = E
105 < 1E NP e
; T T T ] ;
I - : : T I t T T i 1 A
1 - 0 — L L | ' L ' | ' L L | L L L 1

! 100 0 2000 4000 6000 8000

Bin (Counts/Second) orbit num.

* Weekly increase in mean is about 0.6% for the NM and 0.8% for the NP, resulting in
uncertainties in ozone data ~ 0.03% for NM and 0.1-0.5 % for NP.

* The change in dark has negligible impact on the dynamic range of the sensor response
for at least 7-10 years.
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R © T AR Center for Satellite
3’ ) LA I Applications and Research

Dark readout noise keeps ~25 e- (primary e-side)

25 T T T T T T T T T 30 | ! ] ! ] ! | ! | |
| . Diagnostic Data CCD Left Side Leading | L - Diagnostic Data Leading
™ ¢ Nominal Data CCD Left Side Trailing _ ¢ Nominal Data Trailing
- CCD Right Side Leading s i
L CCD Right Side Trailing - 25 ]
20 | - .
. NM - - NP
201 _
150 -
15+ .
§ | A i
10+ — 1
L . i - A0
- ] S Wb
TRl el i QU il > T
LT T I
5 (LI . I Y < ) el Wbty gl n :'hnn <
" O et T ] el e
z 5 1z
0.0 I ‘ l . 1 . 1 . | ‘ 0.0[ ‘ | . 1 . l . | .
11/18/2013 11/20/2013 11/22/2013 11/24/2013 11/26/2013 11/28/2013 11/18/2013 11/20/2013 11/22/2013 11/24/2013 11/26/2013 11/28/2013
Orbit# 10675 Orbit# 10704 Orbiti 10732 Orbit# 10760 Orbit 10789 Orbit# 10817  Orbit# 10675 Orbiti 10704 Orbit# 10732 Orbit# 10760 Orbiti 10789 Orbiti 10817
Date - UTC Date - UTC

Noise < prelaunch prediction of 60 e-
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counts/counts[0]

1.0002

R Center for Satellite
L& Applications and Research

LED output variation < 0.06% over 7 min.

Lamp signal Variation

1.0000 FF .

0.9998

0.9996

0.9994

Prelaunch
On-orbit

Time (min)

19 December 2013

00— T T T T T
- LED percent drift over 7 minutes

'0'02__ NM LED |

-0.04 il | .
0061 —
026 3326 5726 8126 10526 12926
orbit

Specification: 1% per min.
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R Center for Satellite
L& Applications and Research

Nonlinearity < 0.45 of full well

NP Linearity Measurement regression residuals

Max. Nonlinearity % Orbits 230 - 1166
07— — 1 — — T T T T T — g 0.8 | ] o
i NM Lgft Half CCD Requirement 2% ‘:2 . Knowledge spec. is .iO.Z%
o NM Right Half CCD i 0 I over the full dynamic range
® | NPCCD § 04r -
5 05F - 3
£ ;
O e z 02
Le) . 1 o
g v 04
[ K
I I ¥
o 01r 7 ¢
o 5 ~02
- é [ From NASA saturation—— | ]
010 0-04 S R R | I
926 3326 5726 8126 10526 12926 0 3 10 15
orbit Qreal/le_3
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R\ @AR A ) Center for Satellite
5%/ TA \¢ Applications and Research

CCD gain is stable

The number of electrons corresponding to one analog count of
the analog to digital converter (ADC)

80 E T T T T T T T T T T T T T v T T T 3
S NP: E
70 NM: Left: E
S Right - E
+— 60 E E
= S E
a E et o= E
W =
D
@ = =
40
20F

0] 2.0-10° 4.0-10° 6.0-10° 8.0-10° 1.0-10* 1.2-107

orbit

Small offset relative to the TVAC test results
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ST ﬁ Center for Satellite
: _ Applications and Research

Dichroic shifted > 0.1 nm from ground to orbit

Without shift After add a 0.15 nm shift
< Northern Hemisphere > < Southern Hemisphere >

5 L L S 5 [ B S R B B B ————
4 S°1000" ¢29) a4 - Measured vs. oV ie
| Measured vs. " I — woaren
3 MLS NR 040 @34 0 20 @)
I — 20 10 30 (41) — a3 (19
2 — 10" 10 20" (15) — 50 10 A0 (6)
—_— &S50 O

10 (1)

NValue Difference (OMPS - MLS)

NValue Difference (OMPS - MLS)
o

-1 - |
2 I -2
-3 I -3
L Courtesy of NASA “4 " Courtesy of NASA
D O S M R S S Se0 260 270 2680 290 300 310 320 330 340 350
50 260 270 280 290 300 310 320 330 340 350 Wavelenath (nm)
15[ T T T T T T T T T g 0.10 [ 7 ! : ! ixel dichroic shift I I
E Measured vs 1 [ Measuredvs, oo
- " : : - Synthetic Solar
10  Synthetic Solar - 005 [ Flux i
L ] ] - i
50 1 &
= — :1: -
% C ] T 0.00 |- p N A A
OFand-N--————f o AN LAV VAN AT 1 8
- 4 = 005
_5 -
] Courtesy of NASA
E 10 T T T T T N T T 0-10-. ........ Liveieians Levisianns Lassranies Lisaianess Lasiasans Lisssanaes Lisesnans Lisiassnis Lisiiesias
250 260 270 280 290 300 310 320 330 340 350 250 270 290 310 330 350

wavelength nm Wavelength (nm)
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Spectral shift in nm

Ty Center for Satellite

2 A% Applications and Research

Orbital wavelength variation < 0.02nm

Wavlelength shift in NM Solar Spectra

0.006IIII\IIII‘IIIIIII\I|II\IOIIIII|IIIII\III|IIIII\II\|IIIIIIII\
. Working NM -
0,004 Reference ]
0.002 o ¢ -
- ¢ o 4
L @ ¢ ¢ il
L ¢ . o o i
0.000 o o o o 0 _
I 0 A o4 o ]
- o&o o , o -
-0.002 o o -
-0.004 -
-0.006_IIQI\IIII‘IIIIIII\I|II\IIIIII|IIIII\III|IIIII\II\lIIIIIIII\_
0 100 200 300 400 500 600
Days since 1/1/2012

Spectral shift in nm

Wavlelength shift in NP Solar Spectra

0-020_‘1 TT T T TTT [I TT T T T T 1T I TTITT I'Ill[lll'l lillli] TT T T T TT [I-
- Working Lo NP
008 Reference o ]
00101 -
L ,:_5\_ & i
B . )
0.005}- ' : ]
0000F o 0 .
: ¢ ¢ 9 0 ¢ :
-0.005 - 5 N .
i 0 o
i o @ ¢ & i
-0.010F To 4 0o
B 00 _
=0.0150 v b b b ]
0 100 200 300 400 500
Days since 1/1/2012
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—Temperature (Degrees Celsius)

I_D Center for Satellite
£ 08 Applications and Research

Intro-orbit wavelength changes < 0.025 nm

NM housing temperature (°C) Intro-orbital wavelength shift in pixel
L L L L L L L L L R L L AL I L 0.04 T T T T T T T T T | T T L T |
75 . -
0.02
70 .
— 000
i
[+
651 = ;Ifl B
] -0.02-%
4 ' | -:E
60 '{ - -0.04
+ ]
PR N N W N TR S SO S AN SN WA WA T N WA A A U M S S N _uluﬁh,,,,|_,,,|....| i
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000
Meosurement
Measurement #

This variation is compensated in the EDR algorithm
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Ky s Center for Satellite
%) STAR Applications and Research

Cross-track position difference indicates wavelength variation

NM Solar data

cross-track pos 01 - 17 cross—track pos 11 - 17
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H c I\. J { Y E ¥ A Al “II‘*I’\J
3 E | = 3
125 | A shift 1255 R— 3
E]IJ -0.03 nm shift - -0.03 nim shift 3
T i R e ]
e ) 300 310 320 330 " mlh o) 350 360 370 380
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§ - | ]
1256 f\f 4 125 o, | ,[ =
\ .- - \ i A | N
2 AR 3 = | i RE
L4 | Y f 1 7 o |l IL ] | ) f I\ |} L A
a JII. '. 1'1 [ ] E | | ] .L '\-Jl \ il Irl1 :I l--:l. |: T
_§ 11| = ""‘“ll i---.:.----..---.., Wl \:-il-\q A '_-‘-- -- A o LR AARN | T A b S L Ll SO R T Al
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g T F | I ' 3
s 3 B My 3
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Cemnter for Satellite
Applications and Research

Absolute solar irradiance uncertainty < 7%

1200 s
— 1100 %
E R
E o
:--: : .ﬁﬁ -
Z 1000 3 P2
= C »f
H : ‘t -
= =
o - g‘é‘
] » *
E 900
@ C
S
b C
o C
= B800F
E Courtesy of NASA
TO0L

340 341 342 343 344 345 346 347 348 349 350
Wavelength (nm)

R TR s AR TR RN
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ratio

1) Center for Satellite
I8 Applications and Research

Trending of sensors’ optic throughput

NP
285.42 nm
097¢ . . . ]
0 200 400 600 800
days
286.70 nm
1010F ' ' ' ]
1.005F ]
1.000f ]
0995F ]
0990F ]
0985F ]
0980E . . . v v v vy
0 200 400 600 800
days

19 December 2013

ratio

ratio
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100F B
0.99¢
098¢

097¢

1.010¢
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v
200 400 600 800
days
287.13 nm
.
200 400 600 800
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Working
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1015——T——T—————
1010F
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»n ¢
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1) Center for Satellite
I8 Applications and Research

Sensor optic degradation < 0.5%

AL NP 4 | —— NM , | :
- Working Diffuser Working Diffuser 3
3= Reference Diffuser 5 3 Reference Diffuser E
R
1 EN E
E E AT ,.ﬁ.\,-”"f'v"'».-"-,w 3
0 i ******************* A oY Ve LML r = — A — — — j OF--------""----% ""“'C'\L“._?.,;.,.‘; " \(‘?"'”"Mm _____ 3
g é _1 I 1 | y L E
e .. .~ . 280 300 320 340 360 380 400
240 260 280 300 320
20 i T T T ] 2 C T T T T -
1.5 1 4E Working diffuser E
2 1.0F 1
i ] - M%
i ’ 0F L
°5C Working diffuser R
00 : . L . | L L L | , L . | ) ) , : -1 : P U R S T S S RS SR
240 260 280 300 a0 280 300 320 340 360 380 400

wavelength nm wavelength nm

Small degradation indicates a high level of sensor stability
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T Center for Satellite
AN Applications and Research

Normalized radiance uncertainty < £ 1%

10
9
8 OMPS vs. MLS
7 Stray light
(S
° /
—_ 4
T,
> 2
('n 1
i OF —————— il lm P P py
. . -1
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radiance iz 360
. o= 10 =
uncertainty 7 °
(@) 8
< 8% = 7
o 6
2 s
v a4
E 3
Q 2
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& off
-1
-2
-3
-4
360 310 320 330 340 350 360 370 380
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7% Center for Satellite
A A& Applications and Research

Stray light correction improves EV radiance

306nm Before initial correction

1.2

ratio

rad (W cm *ster™ ")

JJ ¥ Spectral overlap

200 280 300 320 340 360 380
WV nm

Stray light < average 2%

ratio

-100 -50 0 50 100
Latitude (deg)

=
(00}
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T Center for Satellite
EA lfk Applications and Research

Summary
Parameters Specification/Prediction Value On-Orbit Performance
Non-linearity < 2% full well < 0.46%
Non-linearity Accuracy <0.2% +0.2%
On-orbit Wavelength Calibration <0.01 nm ~0.02 nm
ray Light NM -of-Band +
Stray Light Out-of-Band For NM <2 average < 2%

Out-of-Field Response

Allocation (flow down from EDR

Intra-Orbit Wavelength Stability error budget) = 0.02 nm ~0.025 nm
SNR 1000 > 1000
Inter-Orbital Thermal Allocation (flow down from EDR 0.025 nm
Wavelength Shift error budget) = 0.02 nm
CCD Read Noise 60 —e RMS <25-eRMS
43 (for NP) 47 (for NP)
Detector Gain
46 (for NM) 51 (for NM)
<7%

Absolute Irradiance Calibration o
Accuracy S in 300-310 nm: up to ~10 % for

both NM and NP
Absolute Radiance Calibration

< 8% < 8%
Accuracy
Normalized radiance Calibration
< 2% < 1%
Accuracy
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S0 Q ;T] ;;2\ T Center for Satellite
ey | O LA K Applications and Research

Path forward

* Investigate thermal impact on dichroic from ground to orbit
 Determine temperature shift along orbit
— wavelength shift vs. temperature difference of sensor telescope
— apply thermal correction if necessary
* Refine stray-light correction when necessary
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A T Center for Satellite
2 I8 Applications and Research

OMPS SDR calibration tables

Table Description Table Type Delivery Status
NM & NP Day 1 Solar LUT Once (will be repeat )
NM & NP Wavelength GND-PI Once (will be repeat )
NM & NP CF Earth GND-PI Monthly (ceased)
NM & NP Dark Tables GND-PI Weekly
Diagnostic Flight Sample Tables SCT When necessary
Earth-view Flight Sample Tables SCT Once
Earth-view Ground Sample Tables GND-PI Once
Calibration Flight Sample Tables SCT Once
NM & NP Radiometric Coefficients LUT TBD
NM Stray Light Coefficients LUT Once
NP Stray Light Coefficients LUT Not planned
NM & NP Linearity (Flight & Ground) SCT/GND-PI Not planned
NM & NP Flat Field SCT Not planned

19 December 2013
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Counts

19 December 2013

780

770

760

750

740

730

> Center for Satellite

B A Applications and Research

Electronic bias changes is negligible

Entire Record

' T ' ' T ' ' T ' ' T ' '
Trailing Left half CCD
Trailing Right half CCD

Leading Left half CCD
Leading Right half CCD

......

11/10/2011
Orbit# 188

03/09/2012 07/07/2012 11/04/2012 03/04/2013
Orbit# 1892 Orbit# 3614 Orbit# 5305 Orbit# 7010

Date — UTC

SNPP OMPS Product Review Meeting
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14 ? Center for Satellite
! L8 Applications and Research

LED warm up reduces output drifting

LED signal drifting for CCD1

1.000
s ﬁ
0.998 - .
L+ -
- §
. i §
£ 0996 " -
. B + i
+
- |
| i . : |
0.994 - Ty, Linearity measurement -
i —'+++++++++-+—-|+ |
i B SERIVEUI ©02000000000606960000000000
0992 . . . o+
0 2 4 6 8 10

time (min.)
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CCD Temp.
(°C)

-29.9624
-30.0100
-30.0338
-30.0576
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Center for Satellite
Applications and Research

Solar flux trending shows a small
change for both sensors

Working
Reference
NP Solar Flux NM Solar Flux
220 T I I I Qg T
2105 o 4 . 660 - )
Lo B ey ] e oot
T N e L o
190, O% = 620 %H I # | !
180? Wavelength = 273 nm _ 600~ i
- ; - Wavelength = 304 nm ]
T70E v 580-IIIII\II\H\I\\II\II\II\II\H\II\II\II\II\\I-
01-28-12 07-25-12 03-10-13 10-20-13 01-28-12 07-25-12 03-10-13 10-20-13
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6N ST AR Center for Satellite
0 ) Applications and Research

Solar measurement reduces view angle dependence

, W | iy
4 4.0 Y
“ | ‘ i A ”M‘l
{ | F SR\ R
4 - L 1 'ao \: | & ‘ *(:“ ' “ J
. AR
,.~'1ﬁ‘ \Q“\.‘ ' : Iy Y
l el *g" W . 4 I .\«q
'% U "'i' . b s W e
sl - ¥ - ®
o L 5 o
Q" Y j ngb D ™ N
s T e ° e
Ratio of solar data
C  — ——

097 098 099 101 102 103 104

Data is being used to study diffuser feature
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3 Center for Satellite
) é .JI]IQL P‘«.. Applications and Research

Non-linearity meets requirement

LUT Diff.% for CCD 1
0D.000ET T T T — LB — L T T

L. | T T T | T T ]
- Prelaunch i _
S On-orbit 7= Qy
SN n-orbi : Q.
-0.001 — N, —
C % ]
N 5
5 oob N E where Q,, is the measured
N N response to a LED
L - N ; measurement input, Q, is
" —ooosE- N '3 theideal response to the
Y PA Q,, and Q. is the full well
- N A response.
~0.004 * . 7
- . A -
- - E ]
C R S T 7
C 1 | 1 1 1 | 1 1 1 ] 1 1 1 | 1 |.' e +| ..I 1 | 1 1 [
2.0x10° 4.0x10° 6.0x10° 8.0x10% 1 Dx10‘ 1.2x101
Raw

The nonlinearity is about 0.39 for the NM and is 0.32 for the NP; the
linear fitting RMS is 0.07% for the NM and is 0.02% for the NP,
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’FT‘ % ‘ﬁ ) Center for Satellite
)] w2 £ IR Applications and Research
&

Hot pixels causes dark change

- I I T I I ]
40F e
- NM - -
: o
30 —
o) B 3
b f 5
0 C N
S 20p -
I :
- L ]
10 -
0 - 1 L 1 | 1 ! 1 | ! 1 1 | 1 ! 1 | L L L .

0 2000 4000 6000 8000 10000

orbit

After ~7 year, 99% pixels will become hot.
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1) Center for Satellite
Applications and Research

Detector dynamic range is being monitored

162'104 — — —— — — 2.0x10* —T—T— R?ml? Ir:nﬂ?e Putla \;S' IweighFEd_ Tir:nel(mlin)lfclr C::DI 1 ——
NM Left Half CCD ] - Prelaunch
NM nght Half CCD ] : On-orb|t \ S e :
1.58+10° NP CCD 15x10¢ ;r' Possible saturated
|- - f} 1
P _ | #
) ~ - — #
E o /,
5 1521’ T £ ool / :
- *
N | ¥
B #
4l T i
1.48410° I
L 4 5.0x10% — # -
| Ed
L ! *
- DECON mode : -t
1.42.104_ | | I | ! ! ! | I I ! | ! ! L ! ! ! | i"* !
0 TR TR NN TR N NN TN NN TR AN TN TN NN TN NN NN TN N S N N N
06 36 576 BB 056 My Sl
orbit Weighted Time (min)

19 December 2013 SNPP OMPS Product Review Meeting 28



R O T AR Cemnter for Satellite
“e [ Applications and Research

NM “spectral smile” <0.2 nm

Prelaunch On-orbit
200 200
150 150
[ [
§ 100 § 100
o 7)
50

0 5 10 15 20 25 30

0.9992 0.9994 0.9996 0.9998
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NP “spectral smile” < 0.7 nm

spectral

Prelaunch On-orbit
140 150 |
120
100 - 100 -
i ® I
80 0
L (0]
- Q
60 »
i o0
40
20 F -
0 0l
0 20 40 60 80 0 20 40 60 80
spatial spatial
I, . ; |
0.9999 1.0007 1.0015 1.0023 1.0031
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AN Applications and Research

; Srﬂﬁ A l[‘) Center for Satellite

Cross-track position pattern from Earth data

10 7 10pwrr RRARRARRA RRARARRRR RARRARERN RRRARRRR RRARRRRRA RRARRARRE IRRARERRAR-
Position 1 / Position 18 3 Z: Position 4 / Position 18
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nadir 4f different total column ozone amounts 2 a4 =
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swath 0 EN
o El
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* System non-linearity
 LED data noise
 LED output drifts

0 {‘3 A A ) Center for Satellite
) @ J" ”\. Applications and Research

System Linearity

EVLED_Closed — 1 orbit
Every 4th week

NP Lamp Warm up

NP Linearity

* Dynamic range of detector response  np g Lamp

» Calibrated accuracy

« LED lamp warm up behavior NM Lamp Warmup
* LED illumination uniformity " NM Linearity
* CCD gain |

NM FF Lamp

19 December 2013
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50 images
83 images
1 image

50 images
83 images

1 image
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T Center for Satellite
AN Applications and Research

Dark Current

.. ] DC - 1 orbit weekl
» Dark distribution i

* Dark generate rates NM / NP Closed 21 images

» Electronic bias Darks

 Hot pixels

« Dark Signal Non-uniformity = NM/NP Storage 3images
(DSNU) Darks

* Readout noise
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