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NOAA STAR GNSS RO Processing and Validation System
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To better quantify how the observation uncertainty from clock error and geometry measurements
may propagate to bending angle and refractivity profiles, STAR has developed the GNSS RO Data
Processing and Validation System.

Zhang B., S.-P. Ho, C Cao, X Shao, J Dong, Y Chen, Verification and Validation of the COSMIC-2 Excess Plgase
and Bending Angle Algorithms for Data Quality Assurance at STAR, Remote Sensing 14 (14), 3288.
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Background and Objectives

> Different RO missions have different receivers and LEO orbits, with
different characteristics:

* Satellite orbit, mass, attitude control, constellation

* Receivers
— Different clock bias and stabilities
— Sampling rate, open loop/close loop technique, open-loop phase models
— Number of antennas
— Antenna patterns, gains, SNRs, GNSS tracking signals. RO/POD antennas

» Data latency (accuracy in GNSS orbit, earth orientation)

» The processing procedures from raw data(carrier phase) to bending
angles need to accommodate these differences, and might bring
different errors in the processing:

* POD processing and accuracy
— POD error requirements, may cause bending angle bias

Clock bias removal (large or small clock bias)

— Affect excess phase bias and errors, hence propagate as bending angle error

NDM correction and cycle slip correction in the open-loop stages
— Open-loop phase model, doppler shifts to bending angle error at lower atmosphere

The RO Profile numbers and penetration depths

Quality control

» Multiple RO mission processing attempt at STAR, accommodate
different processing procedure for different missions/receivers.

* For better quality control and data quality monitoring

* Aiming for merging of different RO missions for climate monitoring
— Sampling error vs receiver caused processing error due to processing method differences



Orbital Difference and Profiles Coverage
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» Different missions have different daily profiles
numbers and different global coverage

* Due to receiver characteristic and processing
difference, the actual RO profile number is

T ° — = generally smaller than predicted
SPIRE 2021
800 1 I — -_— 1 ] ] — 1 ] 1 1 | S ) - e g 1 | —
= S al T P Il o AT =

_ T NG SOV O “‘5\:“_3:4.;:-?54-» e S . ?3{: a
3
£ 600 | _
j— ] et a
=
quj’j 400 | _/\/"‘\/\/\ /\ m —
o Solid: Observed; Dash-Dot: Predicted
5 Chen et al., 2021 CoE2 CoES C2ES

200 1 1 1 1 1 1 1 1 1




Orbit and Receiver Characteristics

e Different RO mission has different satellite orbits

— Different coverages: GNSS (GPS,GALILEO,GLONASS) has a circling period of ~11-14
hours with altitude ~20000km

e Different RO mission with different orbit and RO receivers
— Determines the RO profiles coverage

— Different processing algorithms dealing with clock bias removal, POD
and open-loop phase model
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STAR RO Multi-mission Processing
Zhang et al., (2022)
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LEO POD Processing

* STAR POD results for GeoOptics/COSMIC-1 have consistent
results with UCAR

* Large STAR POD position errors in SPIRE and COSMIC-2

— UCAR orbital products were used when calculated the excess phase
* Further improvement in POD is needed

* POD difference can affect the excess phase/excess doppler
and bending angle
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Receiver Clock Bias Removal in the
Excess Phase Calculation

* Low rate receiver clock bias determined from orbital solution (POD antennas)
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Removal of Receiver Clock Bias from Carrier Phase (RO Antennas)
* Accurate determination of time tag for accurate distance/velocity calculation
and for coordinate transformation
» Reference link observation from POD antennas
* COSMIC, SPIRE (50HZ/100HZ), KOMSAPT-5. High rate POD
e COSMIC-2, GeoOptics, (1HZ) more stable clock? 9



Excess Phase Single Differencing Clock
Bias Removal for SPIRE

* Excess Phase Calculation:
— Single differencing clock removal, similar to COSMIC-1
— Paired Galileo with GPS for receiver clock bias removal in phase

— GPS/GLONASS/GALILEO system
* SPIRE E5 and E7Q signals for Galileo, in RO data, not in POD

— GNSS satellite position and Clock Bias
e Using CODE MGEX product, instead of CODE GPS/GLONASS orbit solution
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Excess Phase to Bending Angle
Inversion using ROPP

 We use FSI package (Adhikari et al., 2021) and ROPP to convert
Excess phase to Bending angle.

* Modify ROPP to include GLONASS/GALILEO signals
— Using ropp-9.0, will update to 10.0

* Modify ROPP for different missions
— COSMIC-2, GeoOptics, Spire

* Basic configuration similar to other RO missions
— Configure/modified based on COSMIC template

e Using ERA-5 simulation for Quality Control

— Improved Forward operator
— Determine good/bad profiles

Adhikari, L., S.-P. Ho, X. Zhou (2021), Inverting COSMIC-2 Phase Data to Bending Angle and Refractivity
Profiles Using the Full Spectrum Inversion Method. Remote Sens. 13, 1793. https://doi.org/
10.3390/rs13091793.



STAR COSMIC-2 BA Comparison with

UCAR and ERA-5
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STAR GeoOptics BA Comparison with
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STAR SPIRE BA Comparison with UCAR
and ERA-5
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Penetration Depth (km)

C2 SNR and Penetration Depth

COSMIC-2 penetration depth changes with latitude and changes with SNR values (Shreiner
et al. 2020,Ho et al. 2020)

* Lower SNR values tends to have shallower penetration depth.
* Correlation with latitude zones
* Weak correlation with latitude zone at high SNRs

How does this related to the specific COSMIC-2 orbit and receivers and viewing geometry?
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C2 SNR Distribution vs View Angle

e COSMIC-2 C2E1 SNR values at 80 km are mapped against latitude and

view angles
* Inthe bore sight direction, high SNRs are of small view angles

e Correlated with latitude due to its orbit and antenna beam

patterns
* Extremely low SNR with view angle near the antenna cone edge will

cause the profiles not being processed
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Summary and Future Work

e Excess phase implementation for different RO processing at NOAA
STAR

— Common interface for different RO mission

— POD processing difference owing to different types of signals, number
of antennas, number of total observations

* Further improvements are needed

— Excess phase/bending angle difference

* Receiver clock bias removal methods based on the reference link observations
* Further improvement in lower atmosphere

— Configuration in ROPP for different missions
* Long term time series generation is ongoing
— With algorithm update and quality control

— Using microwave observation as benchmark to investigate the
jumps/discontinuities in climate signals due to receiver/mission
differences
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