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Abstract

Radio occultation (RO) data provide high sensitivity and significant positive impact on o BENNARIE I
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the weather forecast, especially 1n the short-range 3-5 day forecast. Currently, the number

of RO observation data assimilated into Numerical Weather Prediction (NWP) models 1s / - __/ A R / BEE / f

less than optimal; more RO data is required to improve the forecast. As one of the selected T A SR TR
vendors from NOAA’s Commercial Weather Data Pilot (CWDP), GeoOptics operates its - ;mj |l e e Ny |
nanosatellites' constellation, known as CICERO-Community Initiative for Cellular Earth ;,) g\ ] %33§0 | - 'TJ\ %3330 o M
RemOte, ObSGI’VatIOIl.. Under CWDP's first-round contract, NOAA received onec-ycdt Carrci)cecft;n’EZZe to Excess Phase (gwl;agnTEm;S;mple) Carrier lih:s;,mt; Excess Phase (GL(;Clc\Imngg(S)Example)
GeoOptics near-real-time RO data generated by JPL from October 2018 to October 2019. . , , , N

NOAA recently received second-round one-month (from 15 December 2020 to 14 January rom carrier phase to excess phase conversion with GPS (left) and GLONASS (Right): The top row

; . , , , shows the phase residual (carrier phase minus receiver phase model) before cycle slip removal (left) and
2021) GeoOptics RO data for Delivery Order-1 (DO), generated by University Corporation its derivative (right). The second row shows the final excess phase after cycle slip removal (left) and the
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for Atmospheric Research (UCAR) operational data processing center. excess Doppler (right). The third row shows excess phase comparison between STAR and UCAR results

To understand the CICERO data uncertainty induced in each RO processing step, (left) and SNR (right) for both L1 and L2. o0 o
NOAA/STAR developed an independent processing package to convert the pseudo-range ol M ou [ GPS Mean|
and car.rier phase .observations to excess phases. Understanding apd characterizing 1.:he The mean excess phase bias and standard ob | All Vean
processing uncertainty before converting the observed phases to bending angle, refractivity, deviation between STAR and UCAR over Seol GLOSTD
and atmospheric physical properties 1s essential to perform the validation and quality one day for GeoOptics on 28 December, i:w
assessment. We use the Bernese software to solve the LEO satellite clock bias and precise 2020. -0.023 + 0.046m for GPS profiles and s, |
orbit determination (POD) and use the Radio Occultation Processing Package (ROPP) to -0.014 £0.042m for GLONASS, and -0.017 3

. . + 0.044m for all profiles within 10 — 35 km 230

convert these derived excess phases to bending angles. . . E

In thi dv. th . It £ h b : h and (those with large departure 1n excess phase 20 1

n this study, the comparison results 10r each step between our processing approach an not included). The bias and standard ol

those derived from UCAR for GeoOptics CICERO will be presented. deviation increase with lowering altitude.
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RO Processing Procedure with GeoOptics Data

We developed an independent Radio Scheme for RO Data Processing Procedure :

Occultation processing package, o — * The whole month GeoOptics (CICERO = TE
especially for the excess phase Data LeveloData Reader OP1-A 085) L1b data (excess phase

derivation, mainly focusing on data Llevel0 . profiles) and bending angle profiles using | s |

+ Data acquisition Levella ... generated by a forward model using ERA-

. . ExcessPhase Model | | ECEF(ITRF)/ECI(J2000,TOD) 5 as iIlpU.t with spatially and temporally
° POD Setup and Valldatlon POD (Bernese) (Bash, matlab) A Interpolation (C/Matlab)
ata

3 4o - 40 L 40 :
1o | ! 3
. . . ~ " . ROPP are generated AR SR
conversion from occultation carrier phase Antenna Lo position Occulting SAT Health e Simulated bend; 1 fi1 I I
observations to the Excess Phase: e oenen) HHIUIARCE DENCIES aNigle PIVLICS art A A

interpolating to each RO event
observational location and time

Excess Phase;

* Excess phase/bending angle retrieval
GNSS/LEO POS/VEL

and validation GNSS/LEO . .
» Developing the capability for multi- o SNRs, Phase model * Four comparisons:
_______________ a) STAR BA vs ERA-5 simulation for

RO L1b data processing: COSMIC- [ orremnveso 1 @ common profiles with UCAR
Navigation T Angle; Impact
g2, SWD ROdsgnsorS SL;C? as it — reteh b) STAR BA vs UCAR BA for common
§0 . ptics and Spire, and tuture profiles
missions _Level 2 (follow UCAR convention)__ e c) STAR BA vs ERA-5 simulation

GLONASS |

Delivery Order-1: (one month data) d) UCAR BA vs ERA-5 simulation N ) S~ 3 < .
° CCERO OPI-A (085) 2020.350 - 2021.014 . Qualitypontro.l for bending angl.e ey s b e I
* CICERO OPI-C (087): 2020.350 — 2021.014 comparison with ERA-5 simulation: b) STAR BA vs UCAR BA for common profiles
* Lla: leoAtt, opnGns, podCrx (rinex211) 1. remove the profiles if (O-S)/S*100 > e - -~
« RINEX format211 (1 Hz): 6 Cl1 L1 L2 P2 S1 S2 100 | ]
* opnGns (100 Hz): L1C (residual)  L1C (M) SIC L2L 2. remove the profiles if [(O-S)/S*100 - . | & | :
(residual)  L2L (M) S2L mean((O-S)/S*100)| > 5 * standard I s |
e LI1b: conPhs, leoOrb deviation S .
*  L2: atmPrf, wetPf2, bfrPrf, avnPrf, echPrf 3. If UCAR data are involved, the qc I ] I\ |, |, I
flag is also used (remove bad=1 5 x‘"ﬂ N e )
Results profiles) B ORI B NN
* POD information (GPS/LEO POS/VEL/CLK) were 1 | | , , | | , — ¢) STAR BA vs ERA-5 simulation
successfully generated using Bernese software M T - B covss | _—
e The UCAR POD has multiple segments the same as . Fe to00o | ] oot
COSMIC_2 (real time proceSS) 06:00 os:loo oefoo 03:00 cic0011:22:g[)20.363 15%00 13:‘00 21:00 00:00 % oo | GLONASS_ h
» Shows not only the UCAR/STAR difference, but also ST EETTEEEEE EEwEaERERE : e
the different solutions for the different segments from £ AA AL i A, e - | MR
UCAR - EEEREEE AR AR AR AR | B
* Can not tell which one 1s better given UCAR's results 2000 | —
jump high some time among different solutions (around — _.: | A : i
12PM) % 0FT&WZWWW%WR#MHMWAm\ﬁfmjwwwx“' ol i AN ’ UCAR/ERAS STAR/ERA5 ~ COMMON/ERA5  STAR/UCAR d) UCAR BA vs ERA-S simulation
* POD requirements for GeoOptics (usually 10-15 cm for 35w w0 —wo s 5o Good RO Profile Numbers Comparison

COSMIC-1/2). Certainly the POD difference in

UCAR's operational products 1s more than that. Bernese Output POD Compared with UCAR COHC]“S]OH

GPS Clock _ * We developed an independent Radio Occultation processing package for the excess phase derivation, mainly focusing
. - = ' | e ' | ] on data conversion from occultation carrier phase observations to the Excess Phase. This package can process
gsmg ((}31()) SD E t3 (l)lieclg) .nds b m(ll)uci[ (0.8 5 o ] COSMIC-1/2, CWD RO sensors (such as GeoOptics and Spire), KOMPSAT-5, as well as future missions.
* ome SAlLCIIIIC D14aS ma C 1argc (V. S j - L L - ; -
ms), but relatively stable ( <¥us / day% . 0000 0300 0600 0900 1200 1500 1800 200 000 * We have 1llustrated possible error sources in calculation of excess phase down to centimeter levels, however, correcting
’ SET | |  —an ' | T each term is not trivial:
* Zero differencing requires high rate clocks. ix“:-zs ! | | | | | | | / « Position/velocity inaccuracy, attitude errors
° C*AT %52080:(:0 03:I00 oe:loo 09:I00 12:I00 15:Ioo 18:IOO 21 :Ioo O(Too o Cycle Sllp detection (esp. in the open lOOp stage).
* High rate estimation need ground station 5o | o : * Clock error from both Leo and GNSS satellites
LEO Clock Sl | | | | | | | 1 * Operational versus reprocessing
 Bernese final solution 7 p—  Each error term is evaluated in the processing procedure.
- 0 — G001 -
* The clock has been constantly adjusted every & =t : * The comparison results show good agreement in excess phase above 10 km and gradually the bias and standard
feW hOurS Changing between O to - 1 OO s g-10([))0:(_)0 7300 2600 2200 o0 75:00 v o100 0(;00 deviation increase below that level.
not as stable as GPS et * The results show excellent agreement 1n the relative bending angle compared with EAR-5 simulated bending angle
GNSS and LEO Clock Error profiles and UCAR CDAAC bending angle profiles.

* Interpolation problem.

» -C*AT (significant effects on excess phase). Single differencing 1s needed. Acknowledgement: Authors would like to thank Dr. Changyong Cao for his review, and Dr. Yuxiang He and Mr. Xinjia Zhou for bending angle simulation
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