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Sentinel-6 mission overview

* Operational ocean altimetry to provide continuity of
ocean topography measurements beyond Jason-3

* Secondary mission is to track GNSS radio occultations
for near-real-time (NRT) distribution to NWP centers
and non-time-critical (NTC) processing for climate and
atmosphere studies

* NASA, EUMETSAT, ESA and NOAA partnership with
CNES providing technical support

* Two-satellite operational mission as part of the
European Copernicus/Sentinel program

* Launch Dates:
* S6-MF on Nov 21, 2020
* S6-B around Nov 2025 (TBC)
* Spacecraft Bus: Airbus, Cryosat heritage

* Altimetry (RO) mission life of 5.5 (3) years but
expect 7.5 years

* 1336 km orbit at 66° inclination
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GNSS-RO instrumentation

GNSS-RO hardware implementation is based on COSMIC-2
» TriG receiver and antennas

Zenith-pointing
POD Antenna

Aft RO Antenna

Fore RO Antenna

Mission requirements set conservatively to continue basic capability of COSMIC-1

JPL responsibility includes:
— GNSS-RO instrument hardware and software
— Production of near-real time (NRT) 3-hour latency products distributed on WMO’s GTS
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Level 0 data & auxiliary telemetry

NRT processing architecture & data flow

Level 0 data & auxiliary telemetry
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RO NRT processing software

« Sentinel-6 is leveraging JPL's multi-mission Radio Occultation Atmospheric Retrieval
Software (ROARS) for NRT processing

— Leverages algorithms developed at JPL and part of JPL’s “legacy” science RO software
(GOAS)

+ Established inversion methods with well-characterized uncertainties
* Applied to multiple past missions (CHAMP, COSMIC, GRACE, TerraSAR-X,...)
— Uses RTGx (Real-Time GIPSYXx) for on-line NRT LEO POD processing
— Utilizes parallel processing to meet NRT latencies
— Written in C++ and Python 3 utilizing the pybind11 header-only library for binding
— Processes GPS, GLONASS, and Galileo occultations

« The Sentinel-6 deployment of ROARS includes mission-specific functionality to ingest
data, process telemetry, and generate mission products
— Two instances are used for NRT processing: primary and a hot-redundant backup
— Processing configuration captured by an input tree in the YAML format

— JPL's GDGPS operational services are used for real-time GNSS POD products, navigation
data bits, and high-availability operational environment

— Current operational processor release version is 1.3.0
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NRT processing since initial product release

(GTS) on Aug 24, 2021 starting from 14:30 UTC

Count

Occultations tracked and processed in NRT:

RO NRT Level 1B & 2 BUFR products released on WMOQO’s Global Telecommunication System

Dips in counts are due to GLONASS tracking issues, ground-station issues, and receiver resets/reboots
GLONASS tracking issues are mitigated now by watchdog processes
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NRT processing throughput (1)

Count

Number of BUFR products delivered on GTS per day requirement is 770/d

Dips below 770/d requirement are due to GLONASS tracking issues, ground-station issues, receiver
resets/restarts, and processing failures

Many of the tracking issues and processing failures have been resolved or will be with pending updates

1000 ~

: B "ﬂﬂ'ﬂﬂw
4 W i ”W'"ﬁ % MMW ."W"”' WW] i

S$6 MF RO NRT daily throughput

" MR{ - Lowio

BUFR
T Tv I o L LY L 4 I I L (LS o L) AL i N N Sl IR
600
400
T T T T T T T
9/2021 11/2021 1/2022 3/2022 5/2022 7/2022 9/2022
Date

GNSS-RO script update to improve
rising GLONASS occultation tracking

This document has been reviewed and determined not to contain export controlled technical data 7 jpl.nasa.gov



NRT processing throughput (2)

«  Throughput is impacted by the number of available/healthy GPS and GLONASS satellites

» Percentage of tracked occultations for which there are real-time GNSS POD orbits and clock
solutions available to calibrate occultation links:
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NRT processing latencies

* Requirements:

3 hours from last sensing of first occultation to product availability on GTS
* 99.6% of NRT granules are processed within 3-hour requirement

17 min processing latency from time that Level O products arrive at JPL to the time that
generated BUFR products are sent to NOAA/NCO for distribution on GTS

S6 MF RO NRT processor latencies

i - - - ————— - - — == T - Processor
15
4 —®- Preprocessing
-8- LEO POD
E i —@- Retrievals
Er 10 -_ -8- Products Delivery
ie] a2l i '
© Y v, - e - s .
=1 | | ' 51 Y . Iy e
A o '
f
5 | m | | I\
00O A A A N ] g
1 iR ST S TRV ¥ SRR (S PR el TR N T N At L
O —

1 1 1
9/2021 11/2021 1/2022 3/2022 52022 712022 9/2022
Date
Temporary ramp-up in transfer times Occasional 5—mml Increase in
of BUFR products to NOAA/NCO product transfer times
This document has been reviewed and determined not to contain export controlled technical data. 9

jpl.nasa.gov



Operational BUFR product issues (1)

Inn(a)

Description: Refractivity bias observed above ~40 km
Initial product release notes recommended to not assimilate refractivity profiles above 40 km

Bug was found in Abel inversion of the exponential fit that extrapolates neutral bending angle
profile above 60 km

Q

Abel inversion of exponential fit extrapolated
above 60 km is computed analytically now
instead of numerically
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Fit for extrapolating neutral bending angle was
also made more robust to large oscillations in

profile at high impact heights, which leads to fewer

refractivity retrieval failures
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Status: Fix is confirmed in reprocessed evaluation data
but not available yet in operational BUFR product on GTS
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Operational BUFR product issues (2)

« Description: Time-dependent rising/setting bending angle bias

« OnJune 9, 2021, a GNSS-RO instrument flight software update was performed that resulted in
significantly longer times between receiver reboots

— Update exposed a bug in the processor that
induced a rising/setting bending angle bias at JPL NRT = EUM NTC
high altitudes, which would manifest and increase during large bias period
in magnitude the longer the receiver had gone 60
between reboots

— When the receiver reboots, the LEO clock
is reset to near zero bias

e The issue was the result of two combined items:

— Atypo in calibrating the occultation link that
used the LEO clock time instead of true time

— An input parameter choice to retrieve the bending .
angle with JPL’s canonical transform algorithm '}"'-f.,.r
above 30 km, which can have a high-altitude 0] 4
bias due to the particular implementation  La?
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reprocessed evaluation data but not available
yet in operational BUFR product on GTS
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Issue in reprocessed BUFR products for evaluation

«  Description: Small (~0.2%) time-independent rising/setting bending angle bias between ~20-40 km
« Seems to occur in geometric optics retrieved part of profile only (> 20 km)

* Possible causes being investigated:
— Smoothing parameters/algorithms

— Round-off errors in smoothers, fitters, and/or S6 NRT ROARS — EUMNTC
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Processing difference to investigate: Phase connection

EUMETSAT chooses half-cycle slip correction
after aligning navigation data bits for all occultations

JPL chooses full-cycle slip correction after alignment
and half-cycle slip correction for GPS L2P so as not to
modify possible atmospheric signals at low altitudes

Difference in processing choices yields a positive
bending angle bias near surface (< ~ 5 km)

Assimilation should not be an issue since GRAS has a
significant bias at low altitude that has not prevented
assimilation (per UKMO)

2021-08-25_16:47:43_sb6a_rl6

10 4

Connected phase (cyl)

-10+ JPL ext nb removal — EUM
JPL ext then int nb removal — EUM
JPL int nb removal — EUM

_15 .

0 20 40 60 80 100 120 140
Seconds since 2021-08-25 16:47:43

Impact height (km)

)

Impact height (I<m

10 4

JPL-style phase connection

JPL GOAS
S6 NRT ROARS

—— EUMNTC

T
8x10® 9x10 104

Bending angle (prad)

EUM-style phase connection

JPL GOAS
S6 NRT ROARS
EUMNTC

T
104

Bending angle (prad)

This document has been reviewed and determined not to contain export controlled technical data. 13 jpl.nasa.gov



Altitude [km]

NRT BUFR product quality for NWP

« Impacts from two datasets are shown here:
1) Operational BUFR products on GTS (R2A, red), assimilated up to 30 km
2) Reprocessed dataset for evaluation of improvements (R3A, black), assimilated up to 50 km

— Both show positive impacts but greater impacts are anticipated after resolution of the remaining processing
issues discussed above

« Fitto GNSS-RO data after » Fit to radiosonde temperature and humidity after assimilating
assimilating S6MF data: S6MF data:
— Dotted curves indicate — Horizontal lines indicate uncertainty margin
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Summary

+ Sentinel-6 RO NRT Levels 1B & 2 BUFR products have been available on GTS since August 24,
2021 at 14:30 UTC

+ Some issues found in the BUFR product:
— Refractivity bias above 40 km — Fixed but not yet available on GTS
— Time-dependent rising/setting bending angle bias — Fixed but not yet available on GTS
— Small time-independent rising/setting bending angle bias — Under investigation, high priority

*  Processing choice differences to investigate further:

— Different phase-connection strategies between JPL and EUMETSAT contribute to a relative positive bending
angle bias below ~5 km

*  While impacts on NWP forecasts have been shown to be positive below 30 km, the improvement of
the BUFR product described above, especially when assimilating the higher altitude data, are
expected to enhance the overall impact

« Plan to announce when updated BUFR products will be available on GTS after NWP evaluation of
improved dataset:
— Send notice to IROWG email list
— https://sealevel.jpl.nasa.gov/missions/jason-cs-sentinel-6/release notes/

* Acknowledgements:
— JPL: Angie Dorsey, Tom Meehan, Jeff Tien, Byron lijima, Panagiotis Vergados, and Kuo-Nung (Eric) Wang
— EUMETSAT: Axel von Engeln

— NWP partners involved with evaluating NRT data: ECMWF, UKMO, DWD, ECCC, Meteo-France, UCAR,
JCSDA, NOAA/STAR

This document has been reviewed and determined not to contain export controlled technical data. 15 jpl.nasa.gov


https://sealevel.jpl.nasa.gov/missions/jason-cs-sentinel-6/release_notes/

Jet Propulsion Laboratory
California Institute of Technology

jpl.nasa.gov

This document has been reviewed and determined not to contain export controlled technical data.



	Foliennummer 1
	Sentinel-6 mission overview
	GNSS-RO instrumentation
	NRT processing architecture & data flow
	RO NRT processing software
	NRT processing since initial product release
	NRT processing throughput (1)
	NRT processing throughput (2)
	NRT processing latencies
	Operational BUFR product issues (1)
	Operational BUFR product issues (2)
	Issue in reprocessed BUFR products for evaluation
	Processing difference to investigate: Phase connection
	NRT BUFR product quality for NWP
	Summary
	Foliennummer 16

