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Presenter
Presentation Notes
This work is a continue study based on our last year’s presentation of Improvements to OMPS Sensor Data Records for Suomi-NPP. 
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Presentation Notes
I will start with introduction of the OMPS instrument, sensor data records an science applications for those who is not quite familiar with OMPS. I will focus on the current status of  omps SDRs, that includes our experience with SNPP SDR calval after 6 years operation. Consequently,  we have our snpp SDR reprocessed, we have NOAA-20 OMPS SENSOR DESIGNS changed to benefit science return; . and we are expecting improved NOAA-20 sdr.
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Introduction

» The Joint Polar Satellite System
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(JPSS) satellites provides continuity of
global environmental data. The Suomi
National Polar-Orbiting Partnership (S-
NPP) Satellite is the first Satellite in
the JPSS constellation of satellites.

OMPS is one of five instruments flying
on JPSS-1 satellite on Nov. 18" 2017,
The first OMPS is on board the Suomi-
NPP satellite launched in Oct. 2011.
OMPS heritage sensors are SBUV/2 and
TOMS, providing ozone total column and
vertical profile data that continues ozone
daily global data with higher calibration
accuracy and higher spatial and spectral
resolution.

OMPS: Ozone Mapping Profiler Suite

JPSS-1 reached polar orbit on
Saturday, November 18; it officially
became known as NOAA-20.
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Presentation Notes
A little bit of history of OMPS sensor. The omps is part of jpss program. The Joint Polar Satellite System (JPSS) is the latest generation of U.S. polar-orbiting environmental satellites. The program provides the global environmental data for forecasts of climate and weather events.  NOAA is responsible for operation of JPSS. Which contains a series satellites
The first satellite in the JPSS is the Suomi NPP satellite, which launched on October 28, 2011. This was followed by JPSS-1, which was launched on November 18, 2017. three days after On November 21, after reaching its final orbit, JPSS-1 was renamed NOAA-20. There are plans for one to three other JPSS satellites to follow between 2021 and 2031. The first OMPS flight unit is now flying on the S-NPP satellite launched 6 years ago. The JPSS-1 OMPS is the second sensor suite that is flying on noaa satellite. OMPS mission objective is to provide continuity with global ozone data for operational remote sensing of weather and other environmental applications. 
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Instrument Configuration

Nadir Technical Specification

One telescope w/ two grating CCD
Telescope spectrometers Nair Profiler NP and
Nadir Mapper (NM)

OMPS Integrated Sensor Suite (ISS)

Swath Width NM: 2800 x 50 km?; NP: 250 x 250 km? |

LIMB NADIR MEB

Field of View (FOV) NM: 110°% NP: 16.7° (square) | ROR Generation
|::p|,1p5:j\8ate I]\Lts Velocity
Spectral Range NM: 300 to 380 nm; NP: 250 to 310 nm

ctor

Spectral Sampling Interval 2.4 pixels per FWHM

Spectral Resolution 1.0 nm

CCD Detector Cooling Thermo-Electric Coolers (TECs) l/{"stk HC::; O(Ea:irm__
Operational set point - -45.0 °C: NP: -30.0 °C e

Courtesy of Ball Technology Corp.

Calibration On-board light-emitting diodes (LEDs) and dual Solar diffusers

Provide globe maps every 24 hours of amount of ozone and volumetric

Products . : : ..
concentration in a vertical column of atmosphere with a 4- days revisit
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The OMPS sensor suite comprises three instruments a Nadir Mapper (NM), a Nadir Profiler (NP), and a Limb Profiler (LP). The Nadir system, which is the topic of this presentation, has a common telescope with two grating spectrometers that provide a spectral sampling of 0.4 and 1 nm full-width half-maximum (FWHM) spectral resolution. The NP covers the wavelength range from 250 to 310 nm using 146 spectral channels and the NM covers 300–380 nm using 196 spectral channels. In Earth observation mode, the OMPS cross-track NP and the NM fields of views (FOVs) are cobore sighted to 0.1 (3-sigma level), where the NP has a 16.7 cross-track FOV providing ozone profiles in a single ground swath of 250 250 km at nadir, while the NM has a 110 cross-track FOV, providing ozone total column measurements in 35 ground cells across a 2800-km Earth view swath with a spatial resolution of 50 50 km at nadir. Each spectrometer has a dual spectral-spatial two-dimensional CCD optical detectors that are used to provide a response to photons within the spectral range. 

All data are retrived from OMPS SDRs


 An algorithm for binning CCD pixels separately in each sensor provides flexibility of variable numbers of spatial cells in the FOVs that allows the sensors to achieve and provide higher resolution products. Table I summarizes OMPS Nadir system nominal properties and specifications. The OMPS focal plane arrays (FPAs) consist of dual two-dimensional CCD optical detectors that are used for each spectrometer to provide a response to photons within the spectral range. A CCD row of pixels runs vertically, and a column runs
horizontally. Fig. 1 is a diagram of the NM full frame CCD 

OMPS extends 30-plus year total-ozone and ozone-profile records. These records are used by ozone-assessment researchers and policy makers to track the health of the ozone layer. OMPS products, when combined with cloud predictions, also help produce better ultraviolet index forecasts. 
Push-broom 110 deg. cross-track FOV telescope, CCD optical detector for each spectrometer; Generation of three SDR products: EV SDRs,  Cal. SDRs (offline), and GEOs
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CCD detector performance, stray light, wavelength registration are the primary factors
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Like other BUV sensors, OMPS uses backscattering ultraviolet (BUV) technique in science observation. The technical measures normalized radiances to meet albedo calibration requirement. Conceptually, the calibration of measured Earth radiance and solar irradiance can be considered separately.  the accuracy of measurement is in relation with instrument design criteria of particularly, detector performance, Internal scatter light, and wavelength registration. These aspects have been well characterized and calibrated for the SNPP omps in-flight behavior so that we now have high quality of SDR products. J1 OMPS is very similar to the JI OMPS, but there are some changes have been made in the system design to potentially benefit science return. 
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OMPS SDRs and Appllcatlons

NDE, OMPS-V8T0Z QZONE 201

“ﬂag%;msh I | e

» GEOs: Earth geo-location information of
measurements :

> Calibration SDRs (offline): ancillary |
information, including radiometric and
geometric calibration coefficients.

» EV SDRs: calibrated radiance and key
parameters such as wavelength, solar
flux, dark, smear, electronic bias etc.

» SDR algorithm was developed to
function on the processing hardware to
meet product requirements.

> Primary application: continue three ..
decades of total ozone and ozone profile  hitps://www.star.nesdis.noaa.gov/ipss/documents/ATBD/

records; measure other atmospheric =~ 20001-M01-501-006_JPSS ATBD_OMPS-TC-

. . .. Ozone_C.pdf
particles like sulfur dioxide and ash that  pips://wwwistar.nesdis.noaa.qov/ipss/documents/ATBD/

result from volcanic eruptions_ D0001-M01-S01-005 JPSS ATBD OMPS-NP-
Ozone_A .pdf
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Presentation Notes
Time referenced and geo-referenced by parameters such as the ephemeris of the orbiting satellite, 
 Detailed theoretical descriptions of the OMPS SDR Algorithms can be found in the OMPS SDR Algorithm Theoretical Basis Description (ATBD) documents [5],[6], and descriptions of the operational SDR Algorithms can be found in 

OMPS collects total column and vertical profile ozone data and continues the daily global data produced by current ozone monitoring systems—the Solar Backscatter Ultraviolet Radiometer (SBUV/2) and Total Ozone Mapping Spectrometer (TOMS)—but with higher fidelity and larger swaths.

BENEFITS: continue three decades of total ozone and ozone profile records. This important data is used by ozone-assessment researchers and policy makers to create global climate models. Understanding ozone in the atmosphere is critical as it partially blocks harmful ultraviolet light from the sun from striking the Earth's surface.
OMPS-N measurements also fulfill the U.S. treaty obligation to monitor global ozone concentrations for the Montreal Protocol to ensure there are no gaps in coverage.
OMPS-N data is useful, when combined with cloud predictions, to produce better ultraviolet index forecasts, which help the public stay aware of the harms of UV damage. Though ozone measurement is the primary purpose of OMPS, it will also be able to measure other atmospheric particles like sulfur dioxide and ash that result from volcanic eruptions. These measurements will be helpful in providing aircraft safety warnings.
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Beta - Mar. 05, 2012

Provisional - Mar. 01, 2013

N4
Reprocessing of Suomi NPP SDR

Validated - Sept. 2015

Y

» Calibration and EV
SDR separation

e Wavelength, solar day
one and dark update

e Earth view sample
table update

¢ RDR truncation
correction

\- IDPS Mx6.2 - —/
2012-08-10

IDPS Mx7.1-Mx7.2
Feb. 28 2013

\.

* SAA dark LUT update
Mx7.1, May 20, 2013

e Errorin Scene
ascending/descending
condition Flag Mx7.1,
May 20, 2013

e TC SL correction was

resumed -Mx7.2, Aug.
21,2013

IDPS Mx8.11

e TC Wavelength

ajustement - Mx8.2

e NP SL LUT - Mx8.3

Mar. 18, 2014

* OMPS Bias LUT

correction for
negative smears in
TC SDR — Mx8.5 July
22,2014

e TCSL LUT update —

Mx8.6, Nov. 21,
2014

* NP wavelength LUT

IDPS: ground Interface Data Processing Segment
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update

IDPS Mx8.2-

Feb. 20, 2014
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SDR quality chronologically improved since Suomi NPP launch
Use up-to-dated calibration LUTs and algorithm in OMPS SDR life-cycle reprocessing
Produce consistent SDRs at the attainable quality level.

(

2015-09-09 \

e TC Wavelength ajustement

e NP Wavelength
ajustement

e TC and NP Solar day one
LUTs update

e TC and NP radiance
constants update

e TC wavelength LUT format
change to include
wavelength shift
component

* SDR code change to
process the changed

wavelength format.

J
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No long term time-dependent change relative to NOAA-19 SBUV/2.
OMPS Nadir Mapper bias of near zero and a profiler bias of about 0.5% ( for V8 EDR ozone products).
Produce consistent SDRs that meet the top level products requirement. The SDRs will have
Minimized cross-track IFOV radiometric error.
Consistent data records between NP and NM in 300-310 nm.
Negligible stray light contamination.
Adjusted NM wavelength registration by considering the EV sensitivity.
Corrected wavelength thermal sensitivity caused temperature gradient.

The baseline of the reprocessing is to Use up-to-date SDR LUTs and SDR algorithms in the SDR life-cycle, and Apply consistent weekly routine dark corrections to all of the data records. 
An initial test reprocessing was done for 30 sample days over five years to gauge the impact on the radiance measurements. Shown in the plot is the OMPS NP daily average over the Tropical Pacific region (20S-20N,90W-180W) for the 252nm channel.   The black + symbols show the operational data since the beginning of the NPP mission.   The red diamond symbol is the reprocessed daily average radiance in units of N-Value.

Most significant improvements from NPP reprocessed SDR data

Talking about sdr data reprocessing, this is chronologoy of SDR changes, includes algorithm, ground processing system, and algorithm LUTs. No long term time-dependent change relative to NOAA-19 SBUV/2.
OMPS Nadir Mapper bias of near zero and a profiler bias of about 0.5% ( for V8 EDR ozone products).
Produce consistent SDRs that meet the top level products requirement. The SDRs will have
Minimized cross-track IFOV radiometric error.
Consistent data records between NP and NM in 300-310 nm.
Negligible stray light contamination.
Adjusted NM wavelength registration by considering the EV sensitivity.
Corrected wavelength thermal sensitivity caused temperature gradient.

We made improvements along the mission timeline from time to time. Every improvement reflects our best understanding of the sensor behavior at that particular operation stage. Until Sept. 9th 2015  we were able to stabilize the SDR at users satisfied quality level by applying adequately calibration, wavelength, solar flux, radiance and irradiance coefficients. and the SDR data has pretty much taken full advantages of the calibrated sensor performance, reached sensor attainable quality level.  And now we want to promote entire Sensor data record to this level. So we do reprocessing the SDR data.

And we are looking forward for a father refinements of wavelength calibration to leverage SDR quality beyond the instrument performance. 
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Improvement of Solar Calibration
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Improvement of Data Accuracy

Albedo accuracy |mprovement % Ozone layer comparison w/ NOAA-19 SBUV/2 (green)

W/ ! W A A A {1H

f it 11 g L FR i
A | A | Mo SN0 . N

Dobson unit

BRI N s e

-80 6.0 40 -20 0.0 20 4.0 6.0

Evaluated by comparison w/ MLS on the
SDR level and NOAA 19 SBUV/2 on EDR level

* No long term time-dependent change M L

relative to NOAA-19 SBUV/2. : \M M Wﬁ‘& f\/""\{
e OMPS Nadir Mapper bias is near zero on | DMPS SBUV/2 i
average and a profiler bias of about0.5%. | ¢, . . 1
-60 0 60 -60 0 60 -60 0 60 -60 0 60 -60 0 60
MLS: Microwave Limb Sounder LATIDTUDE (Deg.) I

BSUV/2: Solar Backscatter Ultraviolet Radiometer -2
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Justification for OMPS EV SDR Quality
Forward model implementation has been done exclusively recent two years, such as TOMRAD & VLIDORT 
Implemented to meet the timeliness and availability requirements
Examples of  forward model TOMRAD
Test case for SNPP post launch mode
Need modification to produce comparison data to support sensor trending
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NP DARK

NOAA-20 OMPS instrument was activated on11/28/2017.
The Aliveness Test took dark and LED images, followed by a Self-Compatibility test.



NOAA-20 OMPS Dark Calibration ™

NOAA DNASA

Rates calculated from mean of
only non-transient pixel values
in sequence.

Storage region rates are
measured with a similar but
shorter sequence.

Dark current correction:
imGi, j) =im,, j)*t, im, G, j)

Rates x integration time - dark current accumulated
in storage region during CCD readout.

NOAA-20 OMPS weekly dark current calibration starts on 1/18/2018

7-11 January 2018 98th AMS Annual Meeting



NOAA-20 OMPS Nonlmearlty Callbratlon

counts

counts

Prelaunch
Orbit

? MN
e

20

NOAA-20 OMPS system linearity is nearly identical before and after launch
7-11 January 2018
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JO1 OMPS Watts/cm~3/Sr 2017/12/11 at 380.9nm
. , , , .

0.00 0.17 0.33 0.50 0.67 0.83 1.00

Similar impact of South Atlantic Anomaly (SAA) region has been observed in S-NPP OMPS.
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NOAA-20 OMPS SDR Milestone ™

Launch Post-launch Testing (PLT) Operations >
i 2-months 2-months 2-months 2-months 2-months 2-months 2-months 2-months
-‘g-g ) 1
L+1m L+3m L+9m
L+68 days L+270 days
SDRs — o
Beta Validated LTM

SDR may not be optimal, but
are ready for operational
evaluation. Users feed back
are encouraged to participate

Sensor performance has
characterized and calibration

Initial calibration is applied.

Rapid modification is
meets sensor design criteria.

Ready for scientific publication.

expected. For users to familiar

with data. Not ready for
scientific publication in the data quality QA.

Phases of Post Launch SDR Cal/Val:
1. Early Orbit Check-out (L + 90 days) — System Calibration & Characterization

2. Intensive Cal/Val (L + 270 days); SDR Validation
3. Long-Term Monitoring (LTM); through life of sensor mission

7-11 January 2018
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Early release of products.  /Products may not be optimal, but are ready for operational evaluation. Users are encouraged to participate in the data quality QA. 
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Expected NOAA-20 Performance

Pre-launch Error Pre-launch Post-launch
Budget Performance Performance

Jimuabaifaraires

—

Source of Uncertainty

Irradiance Absolute 1o
< < <
Fractional Uncertainty (%) <7.0 <3.194 <7.0

Intro-orblFaI wavelength <001 <001 <0.016
drift(nm)

Wavelength Registration( nm) <0.02 <0.018 <0.01

Stary Light (%) <2.0 <0.5 < 2.0*
Nonlinearity (%) <2.0 <2 <0.5

radiance SNR > 1000 > 3547 > 1000-2000

A - independent Albedo 1o
Fractional Uncertainty (%)

<20 <1.717 <2.0*

A - dependent Albedo 1o

< < <
Fractional Uncertainty (%) <05 <0.497 <0.5
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Summary

» Suomi-NPP OMPS NM and NP EV SDRs have life-
cycle data reprocessed.
» Maintain the stability of the SDRs at the already
established attainable quality level
* Provide experience for NOAA-20 OMPS SDR
calibration

» NOAA-20 OMPS sensor performs well
o A successful sensor orbital decontamination
calibration leads to Beta maturity SDRs.
« SDR quality level is expected to be comparable
to the SNPP OMPS SDRs
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