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Executive Summary

Topic of the GRASSAF Visiting Scentist activity 16 has been theplementation of ROSA radio
occultation data handling into EUMETSAT and GRAS SAF procedsiolg. ROSA data referred to
observations taken emard OCEANSAT2 mission. Even if we are talking of standard Radio
Occultation ata, the format of raw binary data is peculiar, and processing chains already
implemented for other Radio Occultation missions, should be adapted to this further format.
Moreover, ROSA antennas, ROSA coverage, ROSA sampling rate, etc. are different fASnoGR
COSMIC data. Main goals of this VS activity hatleereforebeen theimplementationof ROSA
processing into the EUMETSAT YAROS prototyfia order to produce excephases, amplitudes

and bending angles over impact parameten)l into the GRAS SAF R@®P processoi(for the
processing into bending angle, refractivity and higher level atmospheric profiéeding mainly with

data interfacing issues.

The first part of the activity was carried out in EUMETSAT, where the YAROS prototype has been
adapted tohandle ROSA data. Before doing that, ardapth analysis has been done in order to
identify all the ROSA data characteristics and issues. In particular, the Thales Alenia Space
Afdecodingd software has been compl est dataywere evi ew
formatted inside the native binary ROSA data stream coming from the OCEAIRS$&&metry, and

inside the standard Levell Enginegrdata file available for users. This preliminary analysis allows
the definitionof several ROSA data structurdsat could be easily implemented directly inside the
YAROS prototype. At the end of this first part, two different releases of the EUMETSAT prototype
were available: the first one able to manage only the scientific ROSA engineered data, containing the
bast observables for Radio Occultation purposes (the Level 1a data, the one normally made available
for users); the second one which implementhaa data structures where all the data generated by
the ROSA receiver (and contained in the raw binary forrhatl.evel 0 data) are stored.

About tirty hours of ROSA observations, for which orbit and clocks were already available, were
used as input to the adapted YAROS/ROSA prototype and completely andlydgdhe YAROS
prototype adapted to ROSA Engineeredélel format was used\ quality check of L1 and L2 basic
observables (mainly L1 and L2 Exceé®sase and Sign#b-Noise ratio profiles) contained in the
Level 1a YAROS output file has been performBsen if a completdROSA dataset is available for

one etire monthof observations, the production of all the necessary POD products for the entire
month was not undertaken. lIts-depth analysis will be carried out in the future, when the
Memorandum of Understanding between ltalian Space Agency and EUMET8AefROSA data
processing will be signed. During this activity we preferred to concentrate the work on the YAROS
prototype adaptation to ROSA data, making the prototype ready to handle all the ROSA data
available, and not only the one contained in theelk\Engineered data normally available to the
user.

In order to let these NetCDF Levella YAROS/ROSA output files to be further processed into higher
Radio Occultation products, a converter from NetCDF 4.0 to NetCDF 3.0 file (with the required data
structues correctly set for the GRASAF ROPP processing). This was performed during the second
part of the Visiting Scientist activity at DMI, where YAROS/ROSA Level la fiese both
processed to bending anglés refractivity and higher level products. Ansily of the bending angle

and refraavity data against ECMWF and dotated radio occultation dateere alsoperformed in

order to have areliminaryidea on the quality of the final atmospheric products that cachieved
analyzing ROSA dataMoreover, YAROS/ROSA Level la files were also processed into Level 1b
products (bending angle profileg)sing the Lla2L1b YAROS code and compared with the
correspondent forward modelled ECMWF collocated data.

As ageneral comment on the ROSA data quality it hasetmoted thateven thought L1 data are in

line with that observed by the other Radio Occultation instruments, L2 data shows some problems.
Problems which are mainlielatedto OCEANSAT-2 issues. ROSA ehoard OCEANSAT2 was
equipped only with the VelocitjRadio Occultation antennas, therefore only rising events can be
recorded. Moreover local multipath -tmward OCEANSAT2 is very strong because of solar panels
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and because of the scatterometer antamimah both are movingn particular this local multipat

was not modelled or measured on ground, since -anbih platform manoeuvre was made necessary
and creaté a permanent and unexpected yaw bias on the platfand.these problems mainly
impact L2 tracking, which basically starts too high in atmosphatewhich is affected by long data
gaps.Only for a small number of events L2 is available in troposphere. In these cases, the quality of
atmospheric profiles retrieved using the GR8&F ROPP processing chain is in line with that
obtainable from other Ra&m Occultation missions. But, for all the other cases foictvhL.2 is
available higher in the atmosphenapdifications to the L2 extrapolation/interpolatioasd different
Statistical Optimization settingre probably necessary to adapt the GFSX& ROPPPP Processor

to such bad dat&rom the other point of view, YAROS software correctly handle such ROSA data,
even if a high number of rejected profiles are seen with respect what normally happens in processing
data from other Radio Occultation observations
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1. Introduction

1.1 Purpose of document

This documensummarizes all the activities carried out during@RAS-SAF Visiting ScientistL6.

The document is divided in two main paittsthe first onea summary of ROSA data and instrument

is provided. Rtaileddescription of ROSA native arghgineered data structuliegjiven inChapter 2,

while Chapter 3 deals witthe description of the Thales Alenia Space software tool used to transform
binary native data into ROSA Level 1a data. In this chapter, detailg #imwimproved releases of

this software produced during this Visiting Scientist activity are also given. The first part ended with
Chapter 4, which contains averview of the OCEANSATR platformfrom the point of view of the
Radio Occultation and POD a&minas positions with respect to the OCEANSATenter of Gravity.

The second part of the document deals with the handling of ROSA data processing using the
EUMETSAT YAROS prototype and the GRASAF ROPP processing chain. The changes
implemented inside th&¢ AROS prototype in order to make it able to process ROSA data are
described in Chapter 5, while the adaptation of YAROS Levella ROSA output products to GRAS
SAF ROPP NetCDF input format amverviewed in Chapter GROSA data qualityanalysisand
preliminar resultsobtained comparing ROPP output and YAROS output to independent collocated
profiles (coming from ECMWEF or other Radio Occultation profiles) is the topic of the last Chapter 7.

1.2 References
[ RDR]JOSIA I nstrument -QD1é issauddibyihglesMizmauSpalcedon Dec 2008

[ RD2] AROSA f &r L@OEANSIATat a Pr-O2zAASIMAN-00MA8SEET Manu
issued by Thales Alenia Spaae July 2010

[ RD RPSAon OCEANSAT in flight data format analysis Technical Notéi O2-AASI-TNO-
00M-17 issued by Thales Alenia Space on May 2011

[ RD4] AROSIARMRIAS SMat a Processing CéisMBASI-ESAoduct :
SPEO00171 Issued by ISMB oi\pril 2010.

[ RD5] Fuggetta G., Marradi L., Zimemt ,ahGanAeheamn
Paper presented at GNSSRO PasadgéhAaApril 2008.

[RD6] Zin A. S. Landenna, |. Rossi, L. Scaciga, S. Zago, G. Perona, R. Notarpietro, F. Vespe, V.
DeCosmofiRosa Radi o Occul tat i onAn&Accommodation Aspect®n n g , Pe
BoardOceansafo0 |, Navitech, Toul ouse, Apr 2008.
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2. ROSA Data Structure

ROSA raw data observed from OCEANSATare coded and interfaced with the satellite bus using
the standardMIL -STD-1553B interfaceSuch data are then merged with observations aatjbiell

the other OCEANSAT2 payloads and downloaded to the ground stations through the satellite
telemetry channel. At the ground segmeRI®SA data are separated from those derived by the other
instruments and reoded in the native binary format (dexd byMIL -STD-1553Bstandard)

All the details of raw binary data formats are described in the docuR&1d] provided by TASI.

Just to give a brief introductory summarjhas to be noted thail the dataare transferred in packet
form with a specific structure as determined by their packet typéree packet types are
implemented:

ATYPE 1

They contairgeneral informationwhich can be exchanged between the ROSA anditisésatellite

and are used in a polling fashion to send information packets tedéer (e.g.change a parameter,
select a mode, etc.) and get information from rtkeeiver (i.e. currenparameter settings, mode
selection, diagnostic data, etc.).

ATYPE 2

They contain thé?eriodic data observed by the receiverh@&y arethe Scienfic data, are composed

by Navigation data and Observation Datad are transmitted the Hostsatelliteat predefined rate.
ATYPE 3

These packets atbiscrete commandaised for Operational Mode changes.

Scientificdata arehereforesupplied by packelYPE 2. Different packets are provided:
AHealth & Status packet (packet @XA0)

A Navi gat i opace Sahitldlisérnabies Ratapack@vacket IDOXAL)

A Occultat i (packetDOtA3?) packet ,

A Observat i opack@R®xA3) packet s,

Packet OxA1

Packet OxA1l is the main output from ROSA, it comprises two main blocks:

- Navigation Solution dataEvery second the Navigation Solut®rare prepared in two different
formats:

A SPS solution, ECEF fr ame

A  NKF solution, ECI fr ame

- The results of e measurements made by the ROSA instrument on the receivedi@R®
(Observables dataThree different conditions are foreseen:

A Navigation (1 Hz sampling data rate)

A Observation (close loop) (1 Hz, 10 Hz and 50
A Oc ¢ u(dpendoop) @00 Hz sampling data rate)

Since his packethas 1 Hz data rate transmission, Radio Occultation data are stored using another
packet (the OxA3)All the details of such data are shown in the Table provided in the ROSA
Instrument Operating Mawai[Table pag 11415 ofRD1].

Packet (kA2
Packet OxA2 comprises information of the elevaéaimuth of the entire GPS constellation. It is
therefore useful to follow the strategy adopted by the receiver in the occultation process.

Packet kA3

For the bservation channels (Packet 0xA3) there are different SV Datd8Bcks accordindo the
different mainobserving strategigereseer(close loop or open loop).

Furthermore, the acquisition frequency of each Observation channel depends on diffttoent
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A) Event type Navigation events are nominally acquired at 1 Hz, while for Observdtien
Occultation)eventsfollowing cases exist:

Altitude [km] Sampling Rate [Hz]
Close loop Open loop
800-200 1 N/A
200-50 10 N/A
50-P(") 50 N/A
P(*)-0 50 100

(the Altitude herds intended to be thestimated ray tangent altitude derived by climatoldefy) is a
userdefinable value that can be set through telecommands. It is actually set to 12 km SLTA).

B) For each occulted GPS SV tracked in Close Loopreleiver selects a reference G&gellite

(pivot SV) and provide observations of this reference GPSaBthe same samplingate of the
occulted GPS SVConsidering all the SV signals tracked by the receiver and acquired by the same
ROSA antenna panel (if not available by the other antenna panelgrance (pivot) SV is set:

- for rising events, when the Clokeop channel is started

- for setting events, when the altitude of tdueulted satellités under 50 km.

While itis reset:

- for rising events, when the altitude of the SV is over 50 km

- for setting events, when the when the Close Loop channel is dtoppe

An ad hoc software developed by TASthe telemetry decoding SWPerformsthe generation of
severali e n g i noatput fded(the Level 1 files)kontaining data extracted from typgAO, OxAL,
0xA2 and 0xA3 ROSA telemetry packets.

These files aref two basic types:

- OPERATIVE: formatted packet data (Rinex 2.10 or tabular) for scientific use.

- DEBUG: reserved mode containing additional debug data.

Each ROSAbinary file taken by telemetrproduces one set of Operative and Debug Output files.
Data ardime sorted and start/stop times are corresponding to start/stop times in telemetry data.
Hereafter some further details related this engineered data files are given.
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2.1 Operative (OBSERVATION) Level 1Data Files

The operative output files are of 5 typeso(Bput files):
- Navigation solution datéTabular ASCII format)

- Navigation POD data (Rinex 2.10 format)

- Observation Low Rate dafRinex 2.10 format)

- Observation High Rate dafRinex 2.10 format)

- Observation Open loop datRinex 2.10 format)

The contenbf these data files are detailed in several documents provided by [IREL andRD2].
In what follows, an overview is given.

2.1.1 Navigation Solution Data

The navigation solution is providdabth applyingLeast Squaréechniquesg ol uti on X al | ed
and aKalman Filteralgorithm 6§ ol ut i on (.&heltwodsoluioNKrEnoin parallel during

receiver operational phases. The SPS solution protheefirst fix as soon as the minimum number of

GPS SVs is available after receiwettialization and then thé&KF is started.

Original data arestored in theDxAl Navigation Solution & $ace VehicleObservables Data packet

An ASCII tabular fornat is used t¢RD2].

Quantity Units Format
Date and time format string
(YYYY/MM/DD
hh:mm:ss.nnnn)
Time_sec [s] 10 base integer
Time_nsec [ns] 10 base integer
Tracked SVs 10 hase integer
DoingSPS 10 base integer
DoingNKF 10 base integer
NumOfSPSSVs 10 hase integer
NumOfNKFSVs 10 hase integer
PDOPValue float
SPS X Pos [m] float
SPS_Y_Pos [m] float
SPS_Z_Pos [m] float
SPS X Vel [m/s] float
SPS Y Vel [m/s] float
SPS Z Vel [m/s] float
SPS ClockBias [m] float
SPS_ClockBiasRate [m/s] float
SPS_TimeTagSec [s] 10 base integer
SPS_TimeTagnSec [ns] 10 hase integer
NKF X Pos [m] float
NKF Y Pos [m] float
NKF Z Pos [m] float
NKF _X_Vel [m/s] float
NKF _Y_ Vel [m/s] float
NKF Z Vel [m/s] float
NKF ClockBias [m] float
NKF ClockBiasRate [m/s] float
NKF TimeTagSec [s] 10 hase integer
NKF _TimeTagnSec [ns] 10 base integer

10
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It has to be noted that

- Reference Frame for NKF solution is ECI True of Date

- Reference Fram®r SPS solution is ECEF

- Time Tag: Receiver Internal Time of Navigation solution (i.e. NOT GPS System Time).

Data output rate is 1 Hz

File name conventiaon
NAV_POD_SOL _<YYYYMMDD_hhmmss_start data> <YYYYMMDD_hhmmss_end_data>.out
(it can be managed frothe TASI telemetry decoding SWbut the default is the one here shown).

2.1.2 Navigation POD Data

These data refer to the dadaquired by the ROSA Navigation antenfdney are necessary for
carrying out the POD cdDCEANSAT-2. The format is standard Rinex 2.1he data are provided at
a frequency of 1 HzThe data File content is detailed in the following table, provided by-TAS
[RD1]]. Original data are stored in t@xA1 Navigation Solution & $ace VehicleObservables Data
packet

Quantity Rinex Units Format Precision
Observable (C language output
Code format

specification)

Pseudorange L1 C/A C1 [m] float 14.3

Pseudorange L1 C/A signal|N.A. 10 base

quality integer

Pseudorange L2 P(Y) P2 [m] float 14.3

Pseudorange L2 P(Y) signal|N.A. 10 base

quality integer

Carrier phase L1 (from tracking|L1 [ey] float 14.3

loop L1 C/A)

Carrier phase L2 (from tracking|L2 [ey] float 14.3

loop L2 P(Y))

SNR L1 S1 [dB-Hz] float 14.3

SNR L2 S1 [dB-Hz] float 14.3

It has to be noted thairhe Tagis theReceiver Time (i.e. NOT GPS System Time).
Pseudorange L1 C/A and L2 P(Y) signal qualities are defined in the description of Observation Low
Rate data given here below.

Data output rate is 1 Hz

File name convention:
NAV_POD OP <YYYYMMDD_hhmmss_start_data>_<YYYYMMDD_hhmmss_end_data>.out
(it can be managed from the TA$elemetry decoding SWbut the default is the one here shown).

2.1.3 Observation Low Rate data

This file contains data taken both ltye POD antenna andhe RO antennaln particulr, data from
each channel itracking (up to 16 channels) are found in this file. Note that this file cordésnshe

L1 C/A and L2Pchannels status, necessary for a first quality check of data.

Full sample rate data for occultatiand OpeHoop datacan befound inthe remaining two Level 1
files (Observation High Rate and Open Loop data described hereddiscyimination of data
recorded by thePOD antenna andy the RO antennacan be done for example by looking at
elevation/azimuth couples

The famat is standard Rinex 2.10he data File content is detailed in the following table, provided
by TAS| [RDZ2]. Original data are stored in tli#A3 Observation Data packets

11
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Column Rinex Units Format Precision
Observation (C language output
Code format specification)
Pseudorange L1 C/A C1 [m] float 14.3
Pseudorange L1 C/A signal quality [N.A. 10 base
integer
Pseudorange L2 P(Y) P2 [m] float 14.3
Pseudorange L2 P(Y) signal|[N.A. 10 base
quality integer
Istantaneous Doppler L12 D1 [m/s] float 14.3
Istantaneous Doppler L2 D2 [m/s] float 14.3
SNR L1 S1 [dB-Hz] float 14.3
SNR L2 S2 [dB-Hz] float 14.3
Elevation EL [degd] float 14.3
Azimuth AZ [deq] float 14.3
GIP Gl [m] float 14.3
AGC L1 A1 float 14.3
AGC L2 A2 float 14.3
Channel ID Cl float 14.3
L1 C/A status L2 float 14.3
L1 P status 1P float 14.3
L2 P status 2P float 14.3

Just to clearly identifgome of thevariable meaning

- Istantaneous Doppleris computed considering the pseudorange rate

- Pseudorange L1 C/Asignal quality is an integer number varying from 0 to 9 which reflects the
signal strength. It is computed considering that SNR L1 is a quantity that should vary between 28 dB
Hz and 55 dBHz. Each measured SNR L1 value is linearly interpoléed rounded to the nearest
integer)on a scale of integer number varying between 0 and 9.

- Pseudorange L2 P(Y)signal quality is an integer number varying from 0 to 9 which reflects the
signal stragth. It is computed considering that SNR L2 is a quantity that should vary betwden

Hz and ® dB-Hz. Each measured SNR L1 value is linearly interpoléed rounded to the nearest
integer)on a scale of integer number varying between 0 and 9.

- L1 C/A statusindicates the tracking status of the channel defined by the following table (pag. 117
of the ROSA Instrument Operating Manual [TA8ocumentRD1)):

L1CA Tracking status

Nr. | Name Description

0 |IDLE The channel is not used

1 |WAIT_START The channel is occupied by a rising event |that will start at the next
ME=49

2 |SIG_SHIFT For occultation channels only, waiting for the synchronization with
ME=0

3 |SIG_HOLD Bit synchronization found, wait during the first symbol, to align the
interrupt with the bit edge

4 |SIG_SEARCH Acquisition state, searching the power peak

5 |CODE_CHECK DLL closure after the acquisition state

6 |CARR_CHECK FLL closure after the first DLL closure

7 |SIG_CHECK DLL only for setting CL channels

8 |SIG_TRACK PLL closure, waiting for the bit synchronization

9 |LONG_INT Bit synchronization reached, full track

10 |SIG_WAIT DLL loss from SIG_TRACK or SIG_HOLD

11 |WAIT_LONG DLL loss from LONG_INT

12 |FIRST_LONG_INT |Transition from SIG_TRACK to LONG_INT

13 |[LAST_LONG_INT |Transition from LONG_INT to SIG_TRACK in case of frame synch
non found

Av al u @ dlond integration on 20 msec integration ntime and bit/frame synchronizetched)
indicates that the Receiver channel is tracking a satellite signathanefore the corresponding
measurements in the observables fields are vahen if dl the other values indicate that the
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measuremenis not fully i ¢ o mp | TAE-lesdggestd that observables for which L1 C/A tracking
stat us i gshatintegrdtiormn b msécdndegration timean be safely used.

- L1 P statusindicates the tracking status of thecode on L{possible values 0 or 1)

- L2 P statusindicates the trdéng status of th® code on LZpossible values 0 or 1)

- GIP is synonym of SLTA

- azimuth = 0 deg indicates the LEO velocity direction while azimuth = d8@indicates the Anti
velocity direction. Azimuth is positive according to the riglind rule ithe RTN system, i.e. from T
to N. Elevation is the negative elevation angle counted from the Local Horizon as foltbeing
figure.

Quter Radial / Zenith

Local Horizon
C <
Vv
4 e~
D
E e
0-80 km o SRS

It has to be noted thairhe Tagis theReceiver Time (i.e. NOT GPS System Time).
Also in this case, ata output ra is 1 Hz

File name convention:
OBS LR_OP _<YYYYMMDD_hhmmss_start_data> <YYYYMMDD_hhmmss_end_data>.out
(it can be managed from the TA$elemetry decoding SWbut the default is the one here shown).

2.1.4 Observation High Rate data

The data contained in thffle correspond only tmbservations performed by thO antennaThe
format is standard Rinex 2.1The data File content is detailed in the following table, provided by
TAS-I [RD2]. Original data are stored in tB&A3 Observation Data packets

Column Rinex Units Format Precision
Observation (C language output
Code format

specification)

Istantaneous Doppler L1 D1 [m/s] float 14.3

Istantaneous Doppler L1 signal|N.A. 10 base

quality integer

Istantaneous Doppler L2 D2 [m/s] float 14.3

Istantaneous Doppler L2 signal|N.A. 10 base

quality integer

Carrier phase L1 L1 [cy] float 14.3

Carrier phase L2 L2 [cy] float 14.3

Signal power L1 S1 float 14.3

Noise power L1 N1 float 14.3

Signal power L2 52 float 14.3

Noise power L2 N2 float 14.3

13
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Istartaneous Doppler L1 and L2 signal quality are not stored in the Rinex file. Signal and Noise
Power definition is given hereaftén, Section2.3.

It has to be noted thairie Tag is the Receiver Time (i.e. NOT GPS System Time).

The sample rate of each @bpgation depends on different factors, as already discussed previously
(pag. 6 of the present document).

File name convention:
OBS HR _OP <YYYYMMDD_hhmmss_start_data> <YYYYMMDD_hhmmss_end_data>.out
(it can be managed from the TA$elemetry decoding SWut the default is the one here shown).

2.1.5 Observation Open Loopdata

These data are supplied in antait Rinex formagnd correspond to observations performed by the
RO antennawhen the receiver is in raw sampling (open loop) trackirige data File conteris
detailed in the following table, provided by TA§RDZ]. Original data are stored in tH&xA3
Observation Data packets

Column Rinex Format Precision
Observable (C language output
Code format
specification)
Estimated Doppler D1 [m/s] float 14.3
Complex | 11 float 14.3
Complex Q Q1 float 14.3

Estimated Doppler is the value computed by thdoard climatological model tharives the carrier
NCO. | and Q are the saripg of the correlators @ 100 Hz

Time Tagis theReceiver Time (i.e. NOT GPS System Time).
Thesample rate is 100 Hz.
File name convention:

OBS OL_OP <YYYYMMDD_hhmmss_start_data>_<YYYYMMDD_hhmmss_end_data>.out
(it can be managed from the TA$elemety decoding SWhbut the default is the one here shown).

14



Ref: SAF/GRAS/DMI/REP/VS16/001 GRAS SAF CDOP

Version: 1.2 " L
Date: 03 March 2012 Visiting Scientist Report 16

Document: grassaf_cvs16_rep_v1.2

2.2 DEBUG Level 1 Data Files

The TASI telemetry decoding SWvhich is responsible fothe generationoi e ngi neer edo Le
ROSA output files produces also another set of data files h e f d e bilesgwhichDngré f
originally reserved for internal use only. Such files contain all the statadinto the Operative files
(described in SecR.1) and some further informations. Seven different DBG files, formatted on an
ASCII tabular way, are generated:

- Navigation Health and Status file

- Navigation Observable Data Blofile

- Fast Acquisition Information for each Chanfitd

- LNA signal and CPU loafile

- Space Vehicle Informatiofile

- Close Loop Observation from Occultation Anteffifte

- Open Loop Observatn from Occultation Antennile

All the details describing the data contained in such files are given in the ROSA Instrument Operating
Manual RD1]. A small summary is given here>

2.2.1 Navigation Health and Status file

Such data contain Health and Status RG®&eiver parameterandare defined in the OxAO Packet
of the ROSA TelemetryTheir description is contained in Sect 6.2.1 Health & Status PackeDdj.
Some of these data are ateplicatedin the Navigation Solution & Space Vehicle Observables Data
packet (packet ID OxA1)Sect 6.2.2 oRD1].

They are wailable at a 1 Hz sample rate.

They are stored in theAV_HS_DBG Debug file

Time_sec See Table 6.2.1-1 Receiver Status, p 104
Time_nsec [RD]]

RealTimeFailure
SWModuleStatus
EEPROMFailure
RAMPFailure
SWinitFailure
BootChksumError
BootProtocolErro
ProgramRestart
SWReset
OperativeModeHiByte See Table 6.2.1-2 Flight Operative modes, p 1096
OperativeModeLoByteLoPart | [RD]]

OperativeModelLoByteHiPart

NKFFilterCov See Table 6.2.1-4 Receiver Health, p 107
RngResidualThrshlid [RD]]

PDOPFlag

UserEphemeris

GPS_Almanac

GPSTimeFlag

VA2L2_failure See Table 6.2.1-1 Integrity Statusp 1B
VA2L1_failure [RD]]

VA1L2_failure
VA1L1_failure
AVA2L2 failure

15



Ref: SAF/GRAS/DMI/REP/VS16/001 GRAS SAF CDOP

Version: 1.2 " L
Date: 03 March 2012 Visiting Scientist Report 16

Document: grassaf_cvs16_rep_v1.2

AVA2L1 failure

AVALL2 failure
AVALL1 failure
FlightChksumError
FlightProtocolError
ExcFreqError
StoreGPSAImDataError
StoreOscOffsetError
PODL2_failure

PODL1 failure

2.2.2 Navigation Observable Data Block (raw datafile

Such data containbservations performed both by POD and Radio Odimftd&r OSA antennas (in
closed and open loop)

They are storedin the OxAL Packet ofthe ROSA Telemetryand a description igivenin Sect 6.2.2
Navigation Solution & Space Vehicle Observables Data p4d&i21].

They are available at a 1 Hz sample rate.

Such dataare stored in th&lAV_RAW_DBG Debug file.Such data are also included in both the
OperativeObservation Low Rate (Sect. 2.1.3) and Navigation POD files (Sect. 2.1.2)

Time_sec See Table p. 11314
Time_nsec [RD]]

sv_number
channel_number
loop antenna
oversampling

L1CA_ pseudorange
L2P_pseudorange
L1 doppler
L2_doppler

L1CA phase
L2P_phase

L1 CNO

L2_CNO

Elev

Azimuth

GIP

L1CA_status See Table p. 117
L1PY_status [RD]]
L2PY_status
FR_on
AS_on

2.2.3 Fast Acquisition Information for each Channelfile

Such data contaimformation about acquisition status of each ROSA channel. dtestoredin the
OxAl Packet ofthe ROSA Telemetryand a description is givein Sect 6.2.2NavigationSolution &
Space Vehicl®©bservables Data pacK&D1].

They are gailable at a 1 Hz sample rate.

Such data are stored in tN&V_FA_DBG Debug file
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Time See Table p. 117
Fa ch 1 [RD]]
Fa_time_1
Fa ch 2
Fa_time_2
Fa ch_ 3
Fa_time_3
Fa ch 4
Fa time_4
Fa ch 5
Fa_time_5
Fa ch 6
Fa_time_6
Fa ch 7
Fa_time_7
Fa ch 8
Fa time_ 8
Fa ch 9
Fa_time_9
Fa ch 10
Fa time 10

2.2.4 LNA signal and CPU loadfile

Such data contaigenericinformation about hardware and software ROSA tracking and observing
status strategies. Theye storedin the 0xA2 Packet ofthe ROSA Telemetryand a description is
given in Sect 6.2.8ccultationData packefRD1]].

They are wailable at a 1 Hz sample rate.

Such data are stored in tt&cC_GEN_DBG Debug file

Time_sec See Table p. 118197 LNA Signal Section
Time_nsec [RD]]

AGC_AVA1_L1 gain
AGC_AVA1_L2 gain
AGC_AVA2_ L1 _gin
AGC_AVA2 L2 gain
AGC_VA1_L1 gain
AGC_VA1l L2 gain
AGC_VA2 L1 gain
AGC_VA2 L2 gain
AGC_POD L1 gain
AGC_POD L2 _gain
CPU_Load_punctual See Table p. 118197 CPU load and threads info
CPU_Load_worst [RD]]

Integration_punctual
Integration_Load_worst
Tradking_Loop_punctual
Tracking_Loop_worst
Bus_1553 punctual
Bus_1553 worst
Raw_Measurement_punctual
Raw_Measurement_worst
Telemetry_ punctual
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Telemetry_worst
Solution_punctual
Solution_worst
Filter_punctual

Filter_worst
Tracking_Manager_punctual
Tracking_Manager_worst
Navigation_punctual
Navigation_worst

2.2.5 Space Vehicle Informationfile

Such data contai@ccultation Space Vehicle informations. Tragstoredin the OxA2 Packet otthe
ROSA Telemety and a description igiven in Sect 6.2.8ccultation Data pack¢RD1].

They are available at a 1 Hz sample rate.

Such data are stored in t&&CC_SVI_DBG Debug file.Such data are also included in the Operative
Observation Low Rate (Sect. 2.1.3) file.

Time_sec See Table p. 118 Occultation SVs Info
Time_nsec [RD]]

pivot_sv
Have cf
Hot
Event
Antenna
Sv_map
Elevation
Azimuth
Gip

t start
table len

2.2.6 Close Loop Observation from Occultation Antenndile

Such data contaiall the observables avable duringClosed Looptracking of each SV in view by
the Occultation Antennas.

They are storedin the 0xA3 Packet ofthe ROSA Telemetryand a description is givein Sect 6.4
ObservatiorData packetRD1].

Sample rates depend on SL{@s describechithe Table shown in pag. 6 of this report).

Such data are stored in tteCC_CL_DBG Debug file Such data are also included in the Operative
Observation High Rate data (Sect. 2.1.4) file.

FGR See Table pl21 and p. 122 (observation close loop
Time_sec data)

Time_nsec [RD]]

Channel

Space Vehicle ID
Inst_doppler_11
Inst_doppler_L2
Carrier_phase_L1
Carrier_phase_L2
L1 Signal_Power
L1 Noise Power
L2 Signal Power
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| L2_Noise_Powr | |

2.2.7 Open Loop Observation from Occultation Antennafile

Such data contaiall the observables available duri@pen Looptracking of each SV in view by the
Occultation Antennas.

They are storedin the 0xA3 Packet ofthe ROSA Telemetryand a description igiven in Sect 6.2.4
Observation Data packeRD1].

Sample rates is 108z, but the time tag changes with a frequency of 50 Hz. Therefore for each time
tag there are 2 samples of Doppler, | and Q. The time tag is the time of when the second sample is
observed, and it is intended that the first sample is acquired 10 msec before

Such data are stored in tieCC_OL_DBG Debug file.Such data are also included in the Operative
Observation Open Loop data (Sect. 2.1.5) file.

FGR See Table p. 121 and p. 122 (observation open loo
Time_sec data)

Time_nsec [RD]]

Channel

Space_Vehicle_ID

1~ Estimated_Doppler
1" Complex_|

1" Complex_Q

2~ Estimated_Doppler
27 _Complex_|

2" Complex_Q
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2.3 SNRIssues

As far as the measured signal level or Signal to Noise Ratio level are conaandesince these
gquantities are necessary for properhplgpwave optics based bending angle retrieval algorithms,
somefurtherdetails should bgiven

Signal and Noise powdpr Signal to Noise Ratio) levels are contained in several data files given in
output from the ROSA receiver (and geocessed using tHeAS-I telemetry decoding SW

- Carrier to Noise Ratios on L1 and on L2 measured inrHdBare available at 1 Hz for all the
signals taken by the Occultation antenna and the POD antenna. They are wrongly called Signal to
Noise Ratios, but are Carrier taide Ratios measured at the correlatmrgpout[see Appendix
B.1 of RDJ]. In particular,

i L1 CNO, L2 CNO data are available in tN&V_RAW _DBG Debug files (see Sect.
2.2.2) for signals acquired by both the Occultation and POD antennas
0 SNR L1, SNR L2 datara available in th&NAV_POD_OP Observation files (see Sect.
2.1.2) for signals acquired only by the POD antenna
i SNR L1, SNR L2 data are available in S _LR_OP Observation files (see Sect.
2.1.3) for signals acquired by both the Occultation and PODaase
All these gquantities storexactlythe samevalues(Carrierto-Noise ratio}

- Signal and Noise powers are quantities which can be related to the signal and noise power (and
are expressed as dB, even if they are not strictlypoBer, see belowacqured by the Radio
Occultatbn antenna onlyThese quantities are in fagtlated to signal or noise power available
in the landQ components at the output of the AGGA correlatBarmally speaking, the signal
power on Ly, namely g, isdefined as

S :10Iogl{ POk sz
L1

integrationtime

For example, sinctor the ROSA casthe ampling rateis 29 MHz eachl andQ component is
stored using 2 bitand the(coherent) integration timie 20 ms we can easily compute the power
expected. Assumintp have power only on the bmponent (which assumeseth ma xi ma f 30
value), e@ch 50 Hz $sampleobtained applying the above equation shoulddraething similar
to 124dB (dB is used only to remember that we are computing something as 10 times the
logarithm of a quantity).
Signal andNoise powers are available in the following data files:
0 L1 Signal_Power, L2_Signal_Power, L1 Noise_Power, L2 Noise_Power data are
available in the@OBS_HR_OPObservation files (seBect. 21.4)
0 Signal Power L1Signal Powel2, Noise Power L1Noise PowelL2 data are available
in theOCC_CL_DBG Debugfiles (seeSect. 22.6)
All these quantities store exactly the same values.
It has to be noted that a small bug should be fixed in the-lTi&Bmetry decoding SWit was
not done during this activitysee Sect3), since orignal related dataf signal and noise power
which arestored in the ROSA telemetghould be divided by 16and this was not implemented
inside the current release of the decoding software)

As an example, one profile of CarrrNoise Ratio derived from Low Rate fileand the
corresponding Signal PowémMoise Power derived by the High Rate files, for the same frequeecy
here shown
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SV'5 SNR L1(green), L2(yellow) FROM LOW RATE data files
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This plot shows Carrieio-Noise Ratiosn [dB-Hz] for L1 (green) and for L2 (yellow) taken by the
OBS_LR_OPfile for thefirst tracking of SV 5 (data observed by ROSA receiver f&8127:53 of
201008/24 and04:25:41 0f2010/08/2%. The followingplot shows profiles of Signal Power (top) and
Noise Power (bottomin [dB] on L1 (blue) and L2 (red) asosed in theOBS_HR_OPfile for the
same tracked signal.

SV 5 Signal Power L1(blue), L2(red) FROM HIGH RATE data files
T T T T T T
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SV5 Noise Power L1(blue), L2(red) FROM HIGH RATE data files
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Remembering thatsincesuch Signal and Noise power levels should be divided by{inléhe dB
scale)and that are logarithmic values, if we take SighadNoise the results obtaineshould be
compaable with the Carrieto-Noise ratio available from Low Rate files. The following plot should
demonstrate this aspect:
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blu from HR, green from LR
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Temporal misalignment up to 0.08 sec may occur because of the different sanploaltéz for
High Rate files when SLTA is belo®0 km, 1 Hz for Low Rate dataYhe valuesare a little bit
different because dEarrierto-Noise ratiois computed considerintpe noisea consant while Noise
Powerfrom High rate is not constarit lepend on atmospéric propagtion effect}.

But we havethe possibilityto combineHigh RateSignal and Noise Power levels to get Carter
Noise ratios necessary for Wave Optics algorithms.

Normally the EUMETSAT prototype and the ROPP GR®&F softwarehandle amplitude data
(SNR) inthe linear scale[¥/V] measuring units The transformatiortan be accomplishesimply
considering that

SNRIJB:: 20- |oglosN REJI\\//?Iue: 20. |0g10%

Justto give a couple of examples, here are sh@MR profilesreally observed by ROSA receiver for

a couple of events. Both [dBz] and[V/V] representationis function of time or SLTAareshown.

Theabrupt decrease around 100 km SLTA for both GPS frequencies seems to be systematic (common
to the majority of analyzed events) and should be deeply investigated. As it will be shown in the data
qudity analysis (Chapter 7), around 100 km SLTA is also present the first systembmst bf lock

(in the occultation observed from SV 28is lost of lock is evident).
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Similar to Carrier-to-Noise Ratio (channel -1 / PRN 30)
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Similar to Carrier-to-Noise Ratio (channel -1 / PRN 23)
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24 August, 2010
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GRAS Meteoroiogy

Similar to Carrier-to-Noise Ratio (channel -1 / PRN 30)
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Similar to Signal-to-Noise Ratio (channel -1 / PRN 30)
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2.4 ROSA data handling in the EUMETSAT Prototype

The EUMETSAT prototype foRadio Occultatiordata processing (namely YARQSYet Another

Radio Occultation Software) is an difie processing chain which is in continuous development
under a strictly controlled configuration environmelmiside YAROS algorithms and data handling
procedures are deeply tested before thaplémentatin in the operativeEUMETSAT processing

chain.

Even if YAROS project was started for the data processing of the GRAS payload on board the
ESA/Eumetsat METOH satellite, it has been extensively usddgofor the processing of COSMIC,
CHAMP, SAGC and GPS9Viet Radio Occultation data.

In the framework of this 18 Visiting Scientist activity, one task was to interface YAR@ISo to

ROSA data structuresn order to make YAROS able to process ROSA data obsensmbard
OCEANSAT-2 (and to open the way for tHROSA on board SA@ and Megalropiques data
processing). Even if a clear agreement or Memorandum of Understanding between EUMETSAT and
the ltalian Space Agency was not available at the time of the VS activity, some data structures
containing all the ROSAMata were suggested and developed.

As deeply describeth Sect. 2.1 and 2.2, ROSA observations are available at least in three big data

format:

- thebinary data format (the Level 0 datajvhich is the native ROSA data format downloaded
from OCEANSAT2 throwgh the telemetry channgdee the introduction of Ch..2ZJhis format is
strictly Aimission dependedit it is expected to be different for data taken from OCEANSAT
SAC-D and MegaTlropiques

- theoperative or observation data format(Level 1 data) given ioutput to theTAS-I telemetry
decoding SW (see Sect. 2.1). In the past, these are the official ROSA Level 1 products intended
for distribution;

- thedebug data format(Level 1 datagnlsogiven in output to th& AS-I telemetry decoding SW
(see Sect. 2.2)p to now restricted to TASinternal use.

From the formal point of view, EUMETSAARSI should agree if ROSA data could be handled by
EUMETSAT prototype processing chain (and eventually by the operative one), starting from their
binary (nativel Level Q)i mi s-d ¢ p@ndent 6 format or from the engi

In any case, EUMETSAT data processors should be able to manage all the information provided by
the ROSA receiverand not only the science data taken by Radio Occultation and POD antennas.
During this Visiting Scientist activitjthe completalata structuresontaining ROSA observables has
been defined. Their final implementation inside the EUMETSAT YAROS prototype is actually under
investigation, since it is strictly related to the final iden that will be taken between EUMETSAT

and ASI.

Under the hypothesis that TASshould be always in charge for th®OSA binary format
managementthe TAS-I telemetry decoding SWas been tentatively modified fiew release of the
softwarei namely therelease’ i wascreated and uploaded in the EBWISAT repository, in order

to create theompleteROSA data structures. Such structures are filled in before the creation of the
standard output of the telemetry decoding SW we desciib&eact. 2.1 and 2.@he operative and

the debug data files)which is in this case deactivatelh this scenario, the EUMETSAT YAROS
prototype wi iltelenfeteya@dcddiog SMas an eXtérial executable function) before the
entire processing chain is started.

In what follows, the defined data structures are detailed. Since during the V&iiigngfist activity a
formal EUMETSAT-ASI agreement was not available, the ROSA data processing perfosimen
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YAROS andusingthe GRASSAF ROPP softwargvas based on the usé ROSA operative Rinex

data files (namely the High Rate data file describeSect. 2.1.4) amput files.

The dght structuresmplemented reflects mainly the content of the debug files carftbatfollowing
table summarizes their content:

STRUCTURE NAME Output SW file prefix Comments MAX
(VARIABLE containing | name DIMENSION
its dimension)
NAV_SOL_DATA NAV_POD_SOL*.out it contains navigation solution (ROSA packet 0xAl) | ~ 3600 * hh
(idx_NAV_SOL_DATA) computed on board the ROSA receiver (1Hz sample

rate)
NAV_HS_DATA NAV_HS_DBG*.out it contains data included in the Health and Status ~ 3600 * hh
(idx_NAV_HS_DATA) ROSA packet OXAO (1Hz sample rate)
NAV_RAW_DATA NAV_RAW_DBG*.out it contains observations collected by each ROSA ~ 60000 * hh
(idx_NAV_RAW_DATA) channel both from POD and from RO antennas (CL

and OL tracking) at 1 Hz sample (ROSA packet

0xA2)
NAV_FA_DATA NAV_FA_DBG*.out it contains information related to each channel ~ 3600 * hh
(idx_NAV_FA_DATA) used at 1 Hz sample rate
OCC_GEN_DATA OCC_GEN_DBG*.out it contains information and other parameters ~ 3600 * hh
(idx_OCC_GEN_DATA) related to the ROSA receiver at 1 Hz sample rate
OCC_SVI_DATA OCC_SVI_DBG*.out it contains information related to the ~ 120000 * hh
(idx_OCC_SVI_DATA) elevation/azimuth of the entire GPS constellation,

at 1 Hz sample rate
OBS_CL_DATA OBS_CL_DBG*.out it contains CLOSED LOOP Occultation observations | ~ 75000 * hh
(idx_OBS_CL_DATA) at 50, 10 and 1 Hz, depending on SLTA
OBS_OL_DATA OBS_OL_DBG*.out it contains OPEN LOOP Occultation observations at | ~ 15000 * hh
(idx_OBS_OL_DATA) 100 Hz

- MAX DIM ENSION strictly deperglon the input file sizeandis defined as a rule of thumb to

better define the maximum dimension of each structure
- hhis the length (in hours) of the time interval related to the input file
- just as an order of magnitude, RO8ata dserved in one hodrom OCEANSAT2 require a 9
10 MB telemetry file.

The eight data structures are here detailed.

2.4.1 struct NAV_SOL_DATA

Details are given isect.2.1.1.

struct NAV_SOL_DATA

{
int time_sec;
int time_nsec;

short Tracked_SVs;

short DangSPS;
short DoingNKF;

short NumOfSPSSVs;
short NumOfNKFSVs;
double PDOPValue;
double SPS_XPaosition;
double SPS_YPosition;
double SPS_ZPosition;
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double SPS_XVelocity;

double SPS_YVelocity;

double SPS_ZVelocity;

double SPS_ClockBias;

double SPSClockBiasRate;

int SPS_SolutionTimeTagSec;
int SPS_SolutionTimeTagnSec;
double NKF_XPosition;

double NKF_YPaosition;

double NKF_ZPaosition;

double NKF_XVelocity;

double NKF_YVelocity;

double NKF_ZVelocity;

double NKF_ClockBias;

double NKF_ClockBiaRate;

int NKF_SolutionTimeTagSec;
int NKF_SolutionTimeTagnSec;

h
2.4.2 struct NAV_HS DATA

Details are givein Sect. 2.2.1.

struct NAV_HS_DATA

L

int time_sec;

int time_nsec;

unsigned char Unused1 :1;
unsigned char RealTimeFailure :1;
unsigned chaBWModuleStatus :1;
unsigned char EEPROMFailure :1;
unsigned char RAMFailure :1;
unsigned char Unused? :2;
unsigned char SWinitFailure :1;
unsigned char BootChksumError :1;
unsigned char BootProtocolError :1;
unsigned char ProgramRestart :1;
unsignel char SWReset :1;
unsigned char Unused3 :4;
unsigned char OperativeModeHiByte;

unsigned char OperativeModeLoByteLoPatrt :4;
unsigned char OperativeModeLoByteHiPart :4;

unsigned char Unused®6;
unsigned char NKFFilterCov :1;
unsigned char RngResiduafthlid :1;
unsigned char PDOPFlag :1;
unsigned char Unused11 :1;
unsigned char UserEphemeris :1;
unsigned char Unused7 :1;
unsigned char GPS_Almanac :1;
unsigned char GPSTimeFlag :1;
unsigned char VA2L2_failure :1;
unsigned char VA2L1 failure :1;
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unsigned char VAL1L2_failure :1;
unsigned char VA1L1 failure :1;
unsigned char AVA2L2_failure :1;
unsigned char AVA2L1 failure :1;
unsigned char AVA1L2_ failure :1;
unsigned char AVA1L1 failure :1;
unsigned char FlightChksumError :1;
unsigned char FligtProtocolError :1;
unsigned char ExcFregError :1;
unsigned char StoreGPSAImDataError:1;
unsigned char StoreOscOffsetError :1;
unsigned char Unused10 :1;

unsigned char PODL2_failure :1;
unsigned char PODL1 failure :1;
unsigned char TrackedSVs :6;
unsigned char DoingSPS :1;

unsigned char DoingNKF :1;

unsigned char NumOfSPSSVs :4;
unsigned char NumOfNKFSVs :4;
double PDOPValue;

h
2.4.3 struct NAV_RAW _DATA

Details are givein Sect. 2.2.2.

struct NAV_RAW_DATA

{

int time_sec;

int time_nsec;

unsigned char sv_number;
unsigned char channel_number : 4;
unsigned char loop : 1;
unsigned char antenna : 3;
unsigned char L1CA_status :4;
unsigned char L1PY_status :1;
unsigned char L2PY_status :1;
unsigned char FRon :1;
unsigned char ASon :1;
unsigred char oversampling;
double L1CA_pseudorange;
double L2P_pseudorange;
double L1_doppler;

double L2_doppler;

double L1CA_phase;

double L2P_phase;

double L1_CNO;

double L2_CNO;

double Elev;

double Azimuth;

double GIP;

h
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2.4.4 struct NAV_FA_DATA
Details are given irbect. 2.23.

struct NAV_FA DATA

{

double time;

unsigned short fa_data_0Oa;
unsigned short fa_data_0b;
unsigned short fa_data_1a;
unsigned short fa_data_1b;
unsigned short fa_data_2a;
unsigned short fa_data_2b;
unsigned short fajata_3a;
unsigned short fa_data_3b;
unsigned short fa_data_4a;
unsigned short fa_data_4b;
unsigned short fa_data_5a;
unsigned short fa_data_5b;
unsigned short fa_data_6a;
unsigned short fa_data_6b;
unsigned short fa_data_7a;
unsigned short fa_datab;
unsigned short fa_data_8a;
unsigned short fa_data_8b;
unsigned short fa_data_9a;
unsigned short fa_data_9b;

3
2.4.5 struct OCC_GEN_DATA

Details are givein Sect. 2.2.4.

struct OCC_GEN_DATA
{

int time_sec;

int time_nsec;
unsigned char agc0;
unsigned char agcl;
unsigned char agc2;
unsigned char agc3;
unsigned char agc4;
unsigned char agc5;
unsigned char agc6;
unsigned char agc7,
unsigned char agcs8;
unsigned char agc9;
double CPUPunctual;
double CPUWorst;
double IntegrPunctual;
doubleintegrWorst;
double TrkLpPunctual;
double TrkLpWorst;
double BusPunctual;
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double BusWorst;
double RwMeasPunctual;
double RwMeasWorst;
double TImPunctual;
double TImWorst;
double SolPunctual;
double SolWorst;
double FiltPunctual;
double FiltWost;

double TrkMngPunctual;
double TrkMngWorst;
double NavPunctual;
double NavWorst;

h

2.4.6 struct OCC_SVI_DATA

Details are given isect. 2.2.5.

struct OCC_SVI_DATA
{

int time_sec;

int time_nsec;

unsigned char pivot_sv;
unsigned char Have_cf;
undggned char Hot;
unsigned char Event;
unsigned char Antenna;
unsigned char Sv_map;
double Elevation;
double Azimuth;

double Gip;

unsigned short t_start;
unsigned short table_len;

h

2.4.7 struct OBS_CL_DATA

Details are given in Sect. 2.2.6.

struct OBS CL_DATA
{

short fgr;

int time_sec;

int time_nsec;

short channel;

short SV_ID;

double inst_dop_L1;
double inst_dop_L2;
double carr_ph_L1;
double carr_ph_L2;
short signal_L1;
short noise_L1;
short signal_L2;
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short noise_L2;
unsigned int Over&npl;

h
2.4.8 struct OBS OL_DATA

Details are givein Sect. 2.2.7.

struct OBS_OL_DATA
{

short fgr;

int time_sec;

int time_nsec;

short chn;

short sv;

double est_dop_L1;
double 11;

double Q1;

double est_dop_L2;
double 12;

double Q2;

h
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2.5 Data available for the Visiting Scientist Activity

In the framework of this Visiting Scientist activity, Italian Space Agency and Thales Alenia Space
Italy (on behalf of ASI) provided the following data:

- one month of ROSA native binary data (Leveldservednboard Oceans#, from 15 August
2010 to 14 September 20Mn example of theinaming conventiois the following
sdidqra005163 SAN_o0s2.14sep20%0r telemetry files downloaded observed duridgily
hours the number 005163 is referred to the dowadlorbit number
sdingra005171 SAN_o0s2.14sep2016r telemetry files downloaded observed durinightly
hours

- corresponding one month of Ocear2atttitude dataqrbits andguaternion data). Such files are
transmitted together ROSA binary dataaringthe same telemetry channel and with the same
frequency (when the satellite is in view from thdian and Italian ground stationg)n example
of their naming convention is the following one:
rosaoatiqra005163 SAN_0s2.14sep20bd telemetry files downloadkobserved duringlaily
hours
rosaoahqra005171 SAN_o0s2.14sep20X6r telemetry files downloaded observed during
nightly hours
Such files are ASCII files with multiple records (state vectdrlg records contain UTC Times,
Orbits in ECI reference framend Quaternions in ECI reference frame.

Time in UTC: seven integer values, blank separated, namely:

YYYY year
MM month
DD day

HH hour
MM minutes
SSseconds

FRAC fraction of seconds

ECI Satellite Position [km]: three floating point values, blargasated, namely:
pXx
py
pz

ECI Satellite Velocity [km/s]: three floating point values, blank separated, namely:
VX

vy
vz

Attitude quaternion in ECI reference frame (normalized sudif asgs + g3 + g3 =1):
four floating point values, blank separatadmely:

An example is shown in the following picture:
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As far as the documentation is concerned, the following documents containing all the available
informations on the instrument had been provided together with the previously desciidbedh da
support to this GRASAF activity:

- ROSA Instrument Operatinglanual RD1] which describes the details of the ROSA telemetry
content

- ROSA for OCEANSAT2 Level 1 Data Processor User ManlRDR] which describes th€AS-
| telemetry decoding SViind thedetails of ROSA Level 1 Engineered data (Observation data
only)

- ROSA on OCEANSAT in flight data format analysis Technical Note RD3] which describe
both Levell ROSA data and, more important, all the aspect related to the OCEANSAT
platform (ROSA Anénnas issues and their position with respect to the Satellite Center of
Gravity)

All the dataand documents are contained in a DVD made available to the GRAS SAF. The DVD was
given to EUMETSAT during the first part of the Visit. Its content was also dadpithe hard disk of
the PC made available in EUMETSAT.

It has to be noted that, even if data are available for one entire month, analysis and results has been
performed on a shorter time interval. The thirty hours from 13:30 UTC of 24 August, 2010160 17

UTC of 25 August 2010 have been deeply analyzed, using both the EUMETSAT YAROS prototype
and the GRASSAF ROPP software.

During the Visiting Scientist Activity, TA$ and ASI providedthe following documentsand
presentations helpful to betterundemnd i ssues related to Antennads
patterns orbits and attitude data files:

-  ROSA ROSSAI ROSA Data Processing Center Product SpecificatRiD4 which describes
the details of the ROSA products given in input and processéaeblyalian Radio Occultation
processing software. Here you can find a further description of the Operational Level 1 ROSA
Ascii Files and of the Orbit/Attitude data files.

- ROSA Instruments and AntenfiRD5] which is a presentation given by TA%t the GNSSRO
Workshop (Pasadena, CA, 2009). In this presentation further details on ROSA Radio Occultation
antenna characteristics and radiation patterns are shown.

- ZinA. etal, (208 ) ROSA Radio Occultation sensor: Testing, Performance and Accomodation

on boad Oceansa?o , European Navigati on Conf erence,
measurement carried on also on the ROSA Radio Occultation Antenna are described and results
are shown.

Finally, TAS| provided and made available also the last release dfAlel telemetry decoding SW

which was necessary to transform Level O binary data into the Level 1 Engineered data described in
Sect 2.1 and 2.2. The software manual iSRESA for OCEANSAT2 Level 1 Data Processor User
Manual RD2] mentioned above. During ¢hVisiting Scientist ativity | made some small changes to

this software in order to fix a couple of small bugse Chapter 33nd to create the ROSA data
structures described in Sect. 2.4. All the neleasescreatedhave been kept under configuration
control and stored into the EUMETSAT Sub Version Repository. Source codes were also sent to ASI
and TASI.
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3. TAS-I telemetry decoding SW

3.1 SW compiling and run instructions

The TASI telemetry decoding SW allows thata(omthoduct i
the Operative and the Debug filde)m native binary data (Level 0) extracted from telemetry. Details

are deeply analyzed in Chapter 2.

Here a small summary of this decoder is reported for completeftesseference documentation for

this is he ROSA for OCEANSAT2 Level 1 Data Processor User ManlRDP)].

This TASI telemetry decoding SWvas developed in C code. lts delivered in 3 source files:
Levell.c, Levell.h and LevellFunctions.h:

Levell.cis theapplication code of the Levell funatis.

Levell.hcontains all theonstantsdata declaration amdkefinition.

LevellFunctions.his theLevell software interfacesuffiction calls) to external wordkclaration.
The code can be easily compiled using the following Linux OS based commands:

gcc-c -DLINUX -DHWPCI-I. Levell.c
ar r liblevell.a Levell.o

gce-c -DLINUX -DHWPCl decoderc
gcc levl.o liblevell.ao decoder

Once the program is compiled and the executable decoder.exe is created, it can be run together a
configuration file which conias relevant informationsn input/output file location and name

Jdecodeii ¢ config.cfg

An example of lie configuration fileconfig.cfgis here reportedthe contents is quite clear and no
further comments are given hgre

CNFG_MODE=BOTH

SWAP_SYNC=NOSW

SWAP_FRAME=NOSWAP

END_MODE=BIG_ENDIAN

LOG_LEVEL=0

FRAME_SYNC=00 28 F2 2C EA 7D OE 67 36 CC 26 54 58 00 FE 04
; Input files
INPUT_ARCHIVE=/ROSA/IN/sdfnqra004880_SAN_0s2.25aug2010
; Output files

NAV_HS DBG_OUT_PREFIX=/ROSA/OUT/DBG/hav_HS_DBG_
NAV_RAW BG_OUT_PREFIX=/ROSA/OUT/DBG/nav_RAW_DBG
NAV FA_ DBG OUT PREFIX= /ROSA/OUT/DBG/nav_| FA DBG_
OCC_GEN_DBG_OUT_PREFIX=/ROSA/OUT/DBG/occ_GEN_DBG_
OCC_SVI_DBG_OUT_PREFIX=/ROSA/OUT/DBG/occ_SVI_DBG_
OBS_CL_DBG_OUT_PREFIX=/ROSA/OUT/DBG/obs_CL_DBG_
OBS OL_DBG_OUT_PRBf/ROSA/OUT/DBG/obs_OL_DBG_

NAV_POD_OP_OUT_PREFIX=/ROSA/OUT/OBS/hav_POD_op_
OBS_LR_OP_OUT_PREFIX=/ROSA/OUT/OBS/obs_LR_op_
OBS_HR_OP_OUT_PREFIX=/ROSA/OUT/OBS/obs_HR_op_
OBS_OL_OP_OUT_PREFIX=/ROSA/OUT/OBS/obs_OL_op_
NAV_POD_SOL_OUT_PREFIX=/ROSA/OUT/OBS/na POD_SOL_
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3.2 Small bugs fixed

Someproblemsmainly related to the unwrapping phase procedapplied by the TAS telemetry
decoding SWhoth for High Rate and Low Rate L1 datarrier phase data were highlighted and
corresponding codeugs were fixed. Aew version okuch coddgrel 5.1)has been createxhd stored
on the EUMETSAT SubVersion Reposito&SI] and TAS-I had been informed on such chan(gese
mail sent on 21 November, 2011 @ 18:3X)brief descrption of the changes applied amd the

resuls obtained is here provided

L, High Rate unwrapping procedure:

When L; signalstatus (Table pag. 11, Sect. 2.1.3) is lower than 9 (LONG_INT reached) and greater

than 5 (CODE_SEARCH ended); Ca r r

i er Phases

show

s ome unwant e

of 1 Hz. As defined byhe original procedure, the phase unwrapping is performed when the difference
between the current phase value and the previous one is greater than a given threshold (174762 cycles,
which is the maximum phase value storable considetime data representation used). The

s A0OO0O values

introduction of thi
values (0 plus the
does not appearhen the L's gn al
usable).

reached
status

made t
of fset) f ol
s definitiyv

In order not to modify too much theAB-lI decoding software we
values with the linearly extrapolated one evaluated considerirtgzthgrevious elements. Setting this
new value as the current one allows tinevrapping procedure to wokorrectly In order to do that

we allocatd new variables for storing the two previous valugeglLevell r5.c source code, row
2962) and we stodthat value each time a;IHigh Rate Phase value is extracted from the data packet

(Levell r5.c source code, row 3077).
In the following pi

cture an

changed

exampl e

of

his threst
|l owed by ¢
ely 9 (whi

the A00O

unwr appi

L, data (left picture) is shown. Thexample is related to carrier phase da@SAtaken for the first
occurrence of SV 05 between the time interi@010082232753 201008264254). It has to be

noted that the problem seems to be present only when Géatus (black values in the top oftlef
picture) is lower than 9 (these values are plotted on the same scale of carrier phase value. Anyway,
when the line is stabilized, the status is 9, the other steps show all the other status, from 4 to 8).

reen], L2(redyellow) [blu-reg: HR; graen-yellowLR]
%10
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L, data (right subplot) seem not to be impalkby this error.

i i H i i i i H i
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Time - sec from Jan 6, 1980 [s]
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L, Low Rate unwrapping procedure:

For the |y Low Rate case, it has to be said that thsnsndependerow rate (1 Hz) measurement of

the L; carrier phase, not a decimation of High Ratecarrier phase observations. When theCA

code coming from an occulted satellite starts to be tracked, both Open Loop and Close Loop chains
contemporaneously work. Two different receiver channels are allocated and start to collect data. At
each secondthe L; carrier phasesaneasuredvalue andone fi0 0 val ue ar e respec
contemporaneously) stored from the Closed loop and the Open loop chain. Therefore a duplicated
value is always present at each second. And both of ifmgact theunwrapping procedure (which

fails because thhreshold definé previously is never reached)

We simply do not take care of theg Low Rate Carrier Phase value stored by the Open Loop
dedicated channel. The change is made on the Levell r5.c source code, in the row 1691.

Next plot shows carrier phase profiles obtdile after having corrected both these bégsther
example is here considered: dagtated to the occultation with SV 2its(second occurrence inside
the time intervalfrom 23:27:53 to 04:25:4bf 2010/08/24) (blu/green: High/Low rate L1 Carrier
Phasalata; red/yellow: High/Low rate L2 Carrier Phase data; black: signal status)

On the left the Land L, carrier phases profiles obtained by the original unwrapping procedure, on the
right the same values obtained aftawving fixed the unwrapping bug.

% 10° SV 21 x10° svV21 ¢

\
\

1 4
9.6673 9.6673 9.6673 ? 9.6673 9.6673 9.6673
Time - sec from Jan 6, 1930[5]x 103 Time - sec from Jan 6, 1980 [S]x 10!

Another small bug was identified and fixed in thASFI telemetry decoding SWrelated to the
evaluation of the signal quality flag introduced in the Low RRieex operativedata files
(Pseudorange L1 C/A and L2 P(Y) Signal Qualgge Sect. 2.1.3)This indicator is an integer
numbervarying from 0 to 9 which reflects the signal strength. It is computed linearly interpolating
SNR data on a scale of integer number varying between 0 and 9. Sometimes the linear interpolation
failed because of not availitity of SNRs. In that case wrong values for signal qualities were stored.
The new source code solved this problem. Bdsihand TAS-I were updated also about this change.
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3.3 Release for the EUMETSAT Prototype

As discussed in Sect. 2.4nce not all he available ROSA raw data (extracted by telemetry) were
contained inside thftive RINEX observationdiles generated as output BAS-I telemetry decoding
SW, but they are contained inside thevendebug (DBG) files, it was decided taodify the decoding
software in order to creageveraldatastructureswhich storeall the data available.

Summarizing, after the Visiting Scientist activity, two different and new releases of this decoding

software were available, botl then uploaded into the EUMETSAEpository:

- theRel 5.1 (6 //svnssh@exsvn.eumetsat.int/rosa/tiinkhich reflects all thechanges made to
correct small bugs previously described

- Rel 7 (r7 l/Isvnssh@exsvn.eumetsat.int/rosakyuwhich reflects all the changes made to correct
small bugs previously described and creates all the ROSA data structures, as described in Sect.
2.4,

Anyway, the ROSA data processing performed in the framework of this VS activity using the
EUMETSAT YAROS prototype and using the GRAR\F ROPP software, was based on the use of
ROSA operative Rinex data files (namely the High Rate data file described in Sect. 2.1.4) as input
files. Such files were generated considering the Rel 5.1 afAlsel telemetry deoding SW.
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4. ROSA antennas positions

Following thedocumentation made available by TAERD3], the positions of phase centres of Radio
Occultation Velocity Antenna and POD Antenna were estimated as follows.
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e

+ YAW (y)

Fig. 4.1 ROSA orboard GCEANSAT-2 schemdRD3]

Considering the yawy(- nadir), roll ¢ - ~velocity) and pitch X - cross direction) axis directions
shown in the bottom of Figl.1 (in this document,X)y,2) is defined as right hand Cartesian reference
system, as shown in the thum of Fig.4.1) andtaking values from the original technical pictures
shown in Fig4.1 (top), we sketchethe satellite structuréig. 4.2, wherewe highlighted theposition

of the reference hol@ray corner¥or the Radio Occultation Velocity Antenrigreen objectand of
the POD antennéblue object)with respect the S/C Center of GraitgOG S/C- red point) It has to

be noted that the COG/C is defined with an uncertainty ©2 mm along the pitch axis. This can be

seen in Fig4.1(top).

/> A ROLL (~velocity)
995.14 YAW
v ® v PITCH
— A
COGS/C 195 R
631 870.1
y (yaw)
Y
COG s/C
X (pitch)
z (roll)
A YAW (toward Earth)
275
'y
COGS/C
‘“ 4384 / PITCH
L 4 > 1650
1030 roLL(e)
(~velocity) 886
4 : v
341

Fig.4.21 Oceansat2 fAquot edo sketch.

Data are der dted
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Even if the documentation is not so clear, and after exchanges witH, Sagreed in identifying
the following coordinates for both tlaatennasvith respect to the COG/G:

POD Antennacenter of thélue object)

X (pitch) = 341 mm{with an uncertainty of 2.1 mm, see FHgl (top)
y (yaw) =- 886 mm(top of the POD radome antenna)

Z (roll) =-9.5mm

Radio Occultation Velocity Antenn@&eference holé gray corner in Fig4.2)
X (pitch) =- 275 mm

y (yaw) = + 38.4 mm

z(roll) = 995.14 mm

One point which is somehow critical, is the identification of the Antenna phase centers. As far as the

POD Antenna is concerned, as written in theSTAROSA Instrument Operating Manugdect. 3.3

RD1], such antenna @ COTS model C1460 made by Dorne & Margolifa datasheet can be found

in

http://www.ppmgmbh.de/ppm%200v/pdf e/Brochure%20webpage%20e/GPS%20Hardware/GPS%20
Antennen/Choke Ring.pdfThe datasheet shows (see Fig. X15 here below) where L1 and L2 phase
centers should be, with respect to the antennads

j2 '/ ~?’/\3‘S‘_\ ‘

‘ MITrE== v |
10084 | y o | | ° f i} e 1090 1279
13785 34.80 8 {o

I |

The Thales Choke Ring is IGS compliant and provides superior multipath rejection
(Dimensions are in millimeters).

Fig 4.37 Sketch of the ROSA POD Antenna (taken from @®B4610 Dorne & Margolinmodel
datasheet, available on internet)

From Fig.4.1 (top), and from the sketch shown in Fij2, it seems tha886 mm is they distance
from the COG S/C and the top of th@P antenna radome. If the F§3is on scale the height of the
POD antenna from the choke ring basement and the radome-~td@@smm. Moreover, from Fig4.3

it is quite clear thathe distance (in they axis direction) of the L1 and L2 phase centemsif the
choke ring basement is:

for L1: 109.0i 34.8 = 74.2 mm

for L2: 127.17 34.8 = 92.3 mm

Making the hypothesis that the POD antenna is mounted directly from the choke ring basement, the
POD Phase Center position with respect to the COG S/C (ratipdtig.4.1) should be:

for L1:

X (pitch) = 341 mn{with an uncertainty of 2.1 mm, see Hgl- top)

y (yaw) =- 786 mm (basement)74.2mm =-860.2 mm

Z (roll) =-9.5mm
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for L2:

X (pitch) = 341 mm{with an uncertainty of 2.1 mm, see FHgl (top)
y (yaw) =- 786 mm (basemenit)92.3 mm =-878.3 mm

Z (roll) =-9.5mm

For what concerns th@adio Occultation Velocity Antenna (green object) phase centreshould
define its position fronthe reference hole (gray cornelr) order to do thawe canuse the table made

available in Fig 5.13.0 oRD3], pag 33, here showior completaess:

+X Panel -X Panel
XIimm] Y[mm] Z[mm] X[mm] Y[mm] 2Z[mm]
Lower 0 9 19 13.5 6.6 26.7
Band L2
Upper 4.5 -6.7 39.2 13.5 0.7 24.3
Band L1
AY
X
boresight
direction
F

Figure 5.13.0: Used coordinate system

Fig. 4.41 Reference system for each antenna panel

Also in this casgethe available document is not clear. Anyway, under the agreed hypatihggéested

by TAS that the reference point here shown is in the middle of each panel, and that the panel +X or

1 X refers to thepaneldirectionwith respect to the pitch axis, it talite easy to identify the phase
center positions on both the frequency bands wrt the $IG @he grey corner in Figd.1). The z

position is referred to each RBHIt ennads

In order to be more preciséis necessary to consider that

panel

- the Radio Occultation Velocity Antenna boresight is not coincident thithOCEANSAT2 roll

axis, but i wasrotated 15in order to reduce local multipath effects (see bglow
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CRrocr ammakle vidke,
TC) .

S LT,
L ™ '- ¥ -
Artenna
Physical
Cutoff

Fig. X3, pag 12RD3

Therefore in computingl and L2Center Phaspositions with respect to the S/C Center of Gravity,
these aspects shouddio be taken into accounthe example here below can be used to refer (x,y,z)
values in the table showaboveFig. X2 to the Reference Hole of the RadOccultation Velocity
Antenna. Black dots are the reference poit®,0) of the reference system shovim Fig. X2
(bottom) while the gray dot is the Reference Hole.

Antenna
boresight
z

+X panel/'x

‘Reference
% hole

- X panel

Fig.4.51 Sketch of the Occultation antenna displacement with respect to Reference hole

Numerical data shown in Fid.5 are taken from a couple of plots provided by TIAShe first one
shows the entire ROSA occultation antenna as seen from its bordgilierto Zin, personal
communication). See Fi)6 here below. The second is taken by a presentation made by inARe
framework of the GNSS RO workshop held in Pasadena, PRO®| (see Fig. 4.7). From the
geometry sketch ifrig. 4.5it will be quite easy to find the dismlament of the center of each panel
from the reference hole. Using then Table shown in £i4.L1 and L2 phase centers can be easily

related to the center of eachngh
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B
=

[T

T N

193,21 2P

4dd

Fig. 4.6 17 ROSA Radio Occultation antennas dimensiofse referencéiole, whose displacement
from COG S/C is shown in Fig. X1 (grey corngs)here hilighted in red.
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Thales Alen% S ROSA Instrument Description ==

e SPACE

ey S Prage 15

Radio Occultation Antenna Assembly
¥v' 2 panels with 6 radiating elements each
4 Band Pass Filters

4 Interconnection RF Cables

Mounting structure

o U G ¥

THALES

GNSSRO - Aprii 06, 2009, Pasadena, CA All ngnts reserved, 2009, Thales Alnia Space

Fig4.7.1 Further ROSA Radio Occultation antenna dimensions.

Considering the documentation provided by Thales Alenia SgeD&][ amplitude (Fig 4.8) and

phase(Fig. 4.9) ROSA Radio Occultation antenna radiation pattern on L1 and L2 were avaifable

plot format. Such data were based on simulations performed on the ROSA RO antenna Flight Model

(Fig. 4.10. In these pictures, the ROSA RO antenna field of view is identified by a quasi rectangular
shape. The Earthoés sur f afdhe figurse. The sipafieo eaadgletisahe b e i v
occultation (or fireduce® )Antenna coverage while the bigger one is the space weather (or
Afextendedod) Antenna coverage.
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Fig 4.87 L1 (top) and L2 (bottom) ROSA RO antenna radiationplitude pattern Contour levels
shown antennads gain in dB
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Fig4.97 L1 (top) and L2 (bottom) ROSA RO antenna radiapbasepattern(in [deg])
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Fig4.107 The ROSA RO Antenna

From another point of view, a measurement campaign in an anechoic chamber was cérried ou
considering the antenna alone, in order to identify the error on the L1 and L2 antenna phase centers in
function of azimuth and elevation of the incoming ray. Results, takeiRbg][are plotted in Fig.

4.11 It can be noted that, even though these tesul ar e obt ai ndéenbasuring setupicont |
and on the ROSA RO antenna alone, the phase variations are very smaibnihéime reduced
coverage (the neutral atmospheric occultation observatdaken into accounAs an example, it is
possible toevaluate sucltotal phase variationas about 1 deg at Lfrequency (top picture in Fig.

4.17) for vertical occultations tracked in the centre of the antenna field of view, inside the overall
reduced coverage (i.e80 kmwhich arescanned in90 s). Thismeans about6-10° m/s in terms of

Excess Doppler.

A multipath analysis tailored for OceanZatatellite was carried out by TASnd subcontractors in

the framework of the accommodation studies of the ROSA Instrument onboandidresatellite As

an example an electromagnetianoddling of ROSA antenna andts validation was carried out.
Details are given in the papgD6]. Anyway, considering a freezing satellite geometry (solar panels
and OCANSAT2 Scatterometer Antenna are moving with time), angdposing to rotate Antenna
boresight of 15 wrt the velocity direction, the simulated multipath minimizes. Results of residual
amplitude and phase errors evaluated for the worst panel (the +X one, ge® Big shown in Fig.

4.12 A more detailed anadis on the impact of this multipath error on the final retrievals should be
perfamed, considering also the exte0°® yaw biasof the Oceansa® platform
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Fig 4.117 L1 (top) and L2 (bottom) ROSA RO antenna phase error in function of azimuth and
elevation of incoming rayThe reducedoverage is represented by the pink small rectangle, which
extends from22° to -25° in the Hevation axis.
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g

Phase error map (degrees) Copolar component (RHCP)

Frequency{Mhz): 1575
Panel: +X

mq" "w,

WMl

Frequency(Mhz): 1575
Panel: +X
Directivity Gain error map (dB) - Copolar component (RHCP)
1]

Fig 4.127 L1 Phase Erroftop) and L1 Gain Error(bottom)caused by local multipath, considering a
freezing OEANSAT-2 geometry, and a rotation of the antenna boresight vaificlockwise from
the velocity directionThe reduced coverage is shown in the black rectangle in the bottom part of each

plot.
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5. YAROS prototype for ROSA data processing

An attempt 6 using the EUMETSAT YAROS prototype with ROSA data was already made before
this Visiting Scientist activity. Therefore a copy of the entire YAROS chain, with some modification
was already available.

During the activity, a complete review to adapt theex2lla.pyYAROS codeand its function
occultation.py(available in~python/yaros/yaros.rosa/yaros/roy&d process ROSA data was carried
out. In particularits complete debug allow me to understand all the data management and algorithm
necessary to creéaLevella data (not only profiles of excess phases and S@halise ratios, but

also all the other information stored in tberrespondindNetCDF4.0 output files). In debugginige
Python codel mainly made some changes in orderamapt all the YAROSnput data structures to

the most important ROSA data availalitethe High Rate Rinex observing files (described in Sect.
2.1.4).

Christian Marquardt and Yago Andes made a great work in installing all the YAROS environment on
my laptop, giving me the psibility to work with YAROS also after the end of the EUMETSAT visit.

Several releases of thimex2l1la.py(and subfunctionscarrier_phase.pyand occultation.py source

were produced. Theé i r st fi svasauplbaded in the EUMETSAT SubVersion repmyiton
201122011 ¢elease #2197available in: svn+ssh://svnssh@exsvn.eumetsat.int/yarosytramis

release interpolates all ROSA raw L1 and L2 data gap smaller than 1.3 sec from when they are
available up to 100 km SLTA at least. Since these interpolsitprocedures gave unsatisfactory
results(see the description given in Sect. 5lgame back to the previous release. Currerthlg,

latest releasé# 2272, committed on 11/01/201&2)anages all th®OSA data contained in the High

Level files, better maages the transition between 50 Hz, 10 Hz and 1 Hz sample rate but do not tries
to interpolate within such transitionslain changes were applied to thetract segmentsthethods
andread()/write()methods of th@ccultationL1aclass.

As far as the EUMTSAT POD softwareis concerned, wenodify also theattitude.pypython source
code in order to make it able to manage OCEANSAjuaternions data (which are available through
a different O download channel with respect the one used foR @Btrument da, as described
in Sect. 2.4). ThEUMETSAT SubVersiorrepository was update accordinghel #2127)

Finally, between 27 and 29 February, 2012, several changes to the write/read methods contained in
the theoccultation.pyYAROS code for the ROSA data tdiimg were made, in order to make Lla
output file to be correctly handled by the latest version of the L1a2L1b YAROS software (the one
which process Excedzhases and Signal SNRs into bending angle profiles). This allowed the
possibility to carry out a dtiatical analysis at the bending angle level (against forward modelled
ECMWEF atmospheric data) also for the YAROS products related to ROSA observations.
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5.1 ROSA data up-sample

Because of the particular sample rate of ROSA occultation data (for a rising.@@ddz in OL from

the acquisition of the CA code [DLL closed] to ~12 km SLTA, 50 Hz in CL from the acquisition of
L1/CA and P2 carrier phase to ~50 km SLTA, 10 Hz from 50km to 200 km SLTA, 1 Hz ~ up to the
OCEANSAT-2 orbit), it was decided to change tB®&JMETSAT YAROS prototype which should
manageROSA data in order to upample observation data at 50 élerywherefrom 50 km at least

to 100 km SLTA.

Such changeweredirectly appliedto theoccultation.pyfunction called by theinex2lla.pyii mai n o
Onenew class and corresponding methods were creatddested The handling ofthe new class
RosalLlaUpsampleds called from the _init  method of the OccultationLla class inside
occultation.py The __init__method of the ew classRosallaUpsamplets called instead of the
original OccultationL1aCLaround row 3138 of theccultation.pysource code. Upsampling is
managed inside this init __method (see the code starting from row 252®adultation.py. New
quality_control() finalize(), write() methods wer created for the neRosalLlaUpsampleciass.

Results were obtained for the thirty hours analyzed, but were not satisfactory. Upgatafdat 50

Hz sample ratavas handled both by linearly interpolating raw carrier phases (and SigiNdise

ratios) and by linearly interpolating the logarithm of raw carrier phases.

The upsampling has been applied to all the ROSA raw €eath, time a data gap (on time tag).34

is found. Below 200 km SLTA these data gap

- should be given by real data missing (in é&mwiroposphere). In that case, the linear interpolation
was applied even if | was not so sure that thi
when a gap LESS THAN 1s is found)

- are due to the undsampling at 10 Hz from 50 to 200 km SLTA.

In terms of corresponding Excess phase profile, both the linear interpolations do not work well, since
orbits (which are necessary to subtract the geometry from the raw observables) and clock biases are
automatically interpolated by YAROS procedures follogvidifferent laws. Ant this cause bad
behavior in the interpolated pieces.

An example is shown here. This is a generi€kcess Phase profile, obtained linearly interpolating
L1 raw carrier phases.

CA Exc Phase [m]
T T T

=165
-175

—1801

H H i H i H H
100000 200000 300000 400000 500000 600000 700000
SLTA [m]

Looking at the details of this profile at diffeteBLTAS, the lad effects of this linear interpolation are
wel | evident , and their impact is more fdangero
lower SLTAS).
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Thefi o n d u | ia the Exaess @hase interpolated pradile causetlecause of
- Carrier phases are linearly interpolated
- Orbitsand clocksare interpolated usingjfferent laws

The same effect is obviously also well evident in the L2 Excess Phase profile:

p2 Exc Phase [m]

1 i i
200000 300000 400000 i ]

SLTA [m] | -0 136000 138000 140000 142000 144000
SLTA [m]

The behavior of raw carrier phase profile could be thought as followingmomential instead of a

linear law. Therefore it is possible to expect an improvement, linearly interpolating the logarithm of
carrier phase. But, also in this case, since the standard interpolation laws applied to orbits and clocks
are different, resulteere not acceptable:
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Even if it is possible to try to interpolate in some way expésses profiles, we decided to not apply
interpolations strategy to ROSA data at the Level la. Therefore we deoidmme back to the
previousYAROS/ROSA release, laving interpolation issues to the following step of the processing
chain.

The current version of YAROS/ROSA software will generate Levella NetCDF 4.0 files, one for each
recognized occultation event, and it generates an output on the Linux shell oninvparant
geometric characteristics of each continuous segment of data (recognized inside the occultation event)
are given. Smal | gaps < 1.3 sec are not consi
stages will interpolate them using standa®ROS and ROPP procedures already implemented for
GRAS and COSMIC data processing)

Such geometric characteristics were used to implement a quality pressdure fothe ROSA data

at ther first processing leveDverall results of the analysis perfagdhfor the thirty hours analyzed in
the framework of this activity (from 13:30 UTC of 24 August, 2010 to 17:40 UTC of 25 August 2010)
will be givenin Chapter 7.1 show here a couple of examples. The first one is related to one
occultationeventwith SV 30 recognized between 17:33:38 and 17:43:09 (24 August, 2010).

INFO Sat G30 (rising)

INFO CL data: z010-08-24 17:33:38.26 - 2Z010-08-24 17:43:09.20 / 570.94 secs / 3951 data points

INFO Geolocation: ocm: 68.5 U/ 53.4 5/ 138.1 azimuch

INFO leo: 88.7 0/ 31.5 3

INFO gns: 55.6 E / 38.4 3

INFO Extracting continuous data sSecgments...

INFO CL data has 1 CiL segment:

INFO CL segment: 2010-08-24 17:33:38.26 - 2010-05-24 17:43:09.20 / 570.%94 secs / 3951 data points / -89.75 - 746.51 km
INFO CL data has 1 P2 sedment:

INFO CL segment: 2010-08-24 17:34:11.16 - 2010-08-24 17:43:09.20 / 5356.04 secs / 2306 data points / —7.54 - 746.51 km
ORIGIMAL DATA QUALITY CCONTROL

WARNING Hoise calculation deactivated for ROSA Rinex data for CA_exphase_noise_lf, set to missing.

WARNING Hoise calculation deactivated for ROSA Rinex data CA_exphase noise_local 1f, set to missing.

WARNING Noise calculation deactivated for RO3A Rinex data for LZ_exphase_noise_lf, set to missing.

WARNING Hoise calculation deactivated for ROSA Rinex data LZ_exphase noise_ local 1f, set to missing.

WRITE QORIGINAL to NETCDF

INFO Writing /home/ricky_notar/data/ROSAL/ levella/rosa_lls_ocz_20100824173338Z_201008241743092_201201181459252.nd. .. successful.
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Within this event no gaps ( > 1.3 sec) were identified on both L1 (CA) and L2 (P2), and 1 continuous
segment has been extracted for each carrier. The SLTA interval for which the L1 (CAnségm

available is form89.78 km to 746.51 km, while the SLTA interval for which the L2 (P2) segment is
available is form7.54 km to 746.51 km.

In this other case things are not so good. In this second example the SV 15 is occulted 4 times during

the irterval which input data refers to. The first occultation happens between 11:15:05 and 11:24:23
UTC (25 August, 2010) and the recogni zed even
observations.

INFO Zat G15 (rising)

INFC Satellite G15 with 4 occultations:

INFO CL data: 2010-08-25 11:15:05.28 - 2010-08-25 11:24:23.20 / 557.92 secs / 7694 data points

INFO Geolocation: ome: 26.85 E /S 52.6 W / -168.3 aziwmuch

INFO leo: S50.9 E/ 77.3 N

INFO gns: 14.4 E / 22.9 3

INFO Extracting continuous data segments...

INFO CL data has 4 CL segments:

INFO CL segmwent: 2010-08-25 11:15:05.28 - 2010-08-25 11:17:18.20 / 132.92 secs / 3649 daca poincs / -114.34 - 224.24 ¥m
INFO CL seqwent: 2010-08-25 11:17:20.20 - Z010-08-25 11:21:37.20 / 257.00 secs / 38961 data points / 228.76 - 648.88 ko
INFO CL segmwent: 2010-08-25 11:21:39.20 - 2010-038-25 11:24:17.20 / 158.00 secs / 159 data points / 650.82 - 731.32 km
INFO CL segmwent: 2010-08-25 11:24:19.20 - 2010-03-25 11:24:23.20 / 4,00 secs / 5 data points / 731.3% - 731.45 km
INFO CL data has 5 P2 segments:

INFO CL segmwent: 2010-08-25 11:15:58.68 - 2010-08-25 11:16:29.20 / 30.52 secs / 5589 data poincs / 30.59 - 105.13 km
INFO CL segqwent: 2010-08-25 11:16:41.20 - Z010-08-25 11:17:18.20 / 37.00 secs / 281 data points / 137.54 - 224.24 km
INFO CL segmwent: 2Z010-08-25 11:17:20.20 - 2010-08-25 11:21:37.20 7/ 257.00 secs / 3881 data points / 223.76 - 643.83 ko
INFO CL segmwent: 2Z010-08-25 11:21:39.20 - 2010-038-25 11:24:17.20 7/ 158.00 secs / 159 data points / 650.82 - 731.32 km
INFO CL segmwent: 2010-08-25 11:24:19.20 - 2010-08-25 11:24:23.20 / 4.00 secs / 5 data points / 731.39 — 731.45 Jm
ORIGIMAL DATA QUALITY CONTROL

WARNING Noise calculation deactivated for ROSA Rinex data for CA_exphase noise_lf, set to missing.

WARNING Noise calculation deactivated for ROSA Rinex data CA exphase_noise_local lf, set to missing.

WARNING Hoise calculation deactivated for ROSA Rinex data for LZ_exphase noise lf, set to missing.

WARNING MNoise calculation deactivaced for ROSR Rinex data L2_exphase_noise_local l1f, set to missing.

WRITE ORIGINLL to METCDF

INFO Writing /home/ricky notar/data/ROSA4/levella/rosa_lls oc2 20100825111505Z_20100825112423Z_201201181612017.104. .. successful.
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6. YAROS to ROPP

In orderto use Levella NetCDF 4.0 d$ generated by the EUMETSAT YAROS prototype as input

for the GRASSAF Radio Occultation Processing Package R®HPI created a python script which
manage the transformation into NetCDF 3.0 flewith all the data structures already prepared for the
ROPFP_PPprocessing. In this way we were able to process ROSA data up to the bending and to the
refractivity and dry temperature levéh Appendix Al providedthe code of the python method able

to do this transformatiomn which all the variables are iddmdble.

A Matlab script is also produced in order to generate a list of geometrical parameters extracted for
each occultation input file available in NetCDF 3.0 ROIR® format. For each occultation, the list
contains the following information:

- Levellafile_name,

- gns_svid,

- oyeag

- month

- day,

- hour,

- minute

- second

- |atitude,

- longitude

(time data and spatial data are referred to the SLTA = 0 condition). The list was used at DMI to
provide, for each occultation, the ECMWF collocated profile. ECMVERables were stored in a
NetCDF 3.0 file, one file for each occultation event.

The ROPPPP software was then used to produce atmospheric profiigen as input files the
Levellafiles processed by YAROS/ROSA prototy@uch results were compared witorresponding
ECMWEF collocated profiles.

ECMWEF profiles were also used as input to the ROPP_FM (Forward Modelling) package, which
produces corresponding bending angle profiles, to be compared with ROPP_PP bending angle output
profiles.

All the resultsobtained considering the thirty hours analyzed in the framework of this activity (from
13:30 UTC of 24 August, 2010 to 17:40 UTC of 25 August 2010) are shown in the following Chapter.
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7. ROSA data quality and preliminary results (30 hours
data)

In this Chaper results related the data quality analysis performed on the ROS/pdatassed both

by the updated rehse of the EUMETSAT YAROS processor anglthe GRASSAF ROPP_PP
processing chaijrare given.

As it has already bintroduced inthe Sect. 2.5tihas to be noted that, even if data are available for
one entire month, analysis and results has been performed on a shorter time interval. The thirty hours
from 13:30 UTC of 24 August, 2010 to 17:40 UTC of 25 August 20&fe deeplyanalyzedduring

the Visiing Scientist activity using both the EUMETSAT YAROS prototype and the GR3¥d-

ROPP software

ROSA Engineered Level 1 High Rate files are given in input to the YAROS/ROSA prototype, which
produced Levella and Levellb output, one NetCDF 4.0 file for iglechified occultation event and

for each level.

Geometrical parameters related to L1 and L2 Expbsses continuous segments were statistically
analyzed, in order to check the quality of such raw occultation observables.

Levella file were converted ROPP_PP NetCDF 3.0 filmrmat, in order to be directljrandledby

the GRASSAF processing chaimhe YAROS routine L1a2L1b was also uséa produce bending
angleprofiles (L1b data) from the Level 1a data

Bending angle profiles, refractivity and dry teangture profiles derived in output from the ROPP_PP
processing chain were then individually compared with collocated ECMWF data (refractivity and
temperature) and with collocated Occultation products (bending angles, refractivity, temperature)
derived by ther missions (COSMIC, METOR and TERRA SARX) and by other processing
software (CDAAC).

Finally, ROPP_FM Forward Model 1D propagator was used to derive, for each collocated ECMWF
profile, the corresponding bending angle profile. Such profiles were cethpéth thoseproduced

both by ROPP_PP and by YAROS/ROSA and a final statistics is evaluated also for these intermediate
products.
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7.1 ROSA Excess Phases and SNR profil@sAROS Levellaoutput)

Just to give some examplef standardROSA L1 and LZExcessPhases and Signal(Carrign-Noise

ratiog in what follows some plots are shown. garticular, for each occultation shown, the output

from theextract_segment@hethod (mentioned in the Chapter 5 introduction and at the end of Sect.

5.1) are also showrt has to be noted that the minimum SLTA for the L1 C/A segment was computed

here considering the availability of SNR data. In ROSA data this happens only when the CA tracking
status flag is 9. But, as we have discussed in Sect. 3.2, L1 carrier phasa datagr obabl y fsa
used even before this happen. Consideringfitise availability of L1 carrier phase data (even if

tracking status is < 9), such minimum SLTA value varies normally arelidd km @ couple of

examples are showat the end of Sect. 5.1 he current YAROBROSA release#2272available in:
svn+ssh://svnssh@exsvn.eumetsat.int/yaros/jrunkrovides such values in  output of
extract_segment(inethod It has to be noted that, when complete ROSA data structures will be
managed by the YAROS groot y p e, al so CA tracking status wil!/|
carrier phase data should be considered those for which CA tracking status are greather or equal to 8.

In that case, the minimum SLTA value for each L1 segment will probably berttiggmn-100 km.

The examples here shown consideminimum SLTA availability the one for which SNR is different

f r om AMbaedVer in these qualitative examples, output from the release which manages the data
upsampling to 50 Hz are considered (theteftin most cases, maximum SLTA is limited to 200 km).

7.1.1 Qualitative examples on Excess Phase profiles

The first example is related to the first occultation with S\@8/08/2010 from 11:04:45 to
11:15:05). In this case we have identified one CA segnagrat ENR is available fror27 km SLTA)

and 2 L2 segments. The behavior of L1 segment is
INFO Extracting and calibrating occultation data...
INFO Sat GO2 (rising)
INFO Satellite GO2 with 1 occultation:
INFO CL data: 2010-08-25 11:04:45.30 - 2010-08-25 11:15:05.20 / 619.90 secs / 4378 data points
INFO Geolocation: occ: 121.5 E / 61.4 N / -115.2 azimuth
INFO leo: 178.1 E / 61.4 N
INFO gns: 60.1 E/ 0.6 N
INFO Extracting continuous data segments...
INFO CL data has 1 CA segment:
INFO CL segment: 2010-08-25 11:05:18.00 - 2010-08-25 11:06:57.18 / 99.18 secs / 4960 data points /J-27.01 f 199.98 km
INFO CL data has 2 P2 segments: =
INFO CL segment: 2010-08-25 11:05:41.34 - 2010-08-25 11:06:23.70 / 42.36 secs / 2119 data points #729.29 - 127.02 km
INFO CL segment: 2010-08-25 11:06:52.90 - 2010-08-25 11:06:57.18 / 4.28 secs / 215 data poipg& / 190.87 - 199.98 km
ROSA data Quality control
ARNING Noise calculation deactivated for ROSA Rinex data for CA_exphase_noise 1f, set to missing.
ARNING Noise calculation deactivated for ROSA Rinex data CA_exphase_noise_local_1f, set to missing.
ARNING Noise calculation deactivated for ROSA Rinex data for L2_exphase_noise_1f, set to missing
ARNING Noise calculation deactivated for ROSA Rinex data L2 exphase_noise local_1f, set to missSipd.
175 CA SNR
CA Exc Phase [m] / f""\
T T T T ! T /
20001-% : : : : f \
500+ ¢
50000 100000 150000 200000
: SLTA [m]
i i i i I i |
=100000 =50000 0 50000 100000 150000 200000
SLTA [m]
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The first L2 segment starts too high in atmosphey80(km minimum SLTA) and the behavior is
shown here below.

INFO Extracting and calibrating occultation data...
INFO Sat GO2 (rising)
INFO Satellite GO2 with 1 occultation:
INFO CL data: 2010-08-25 11:04:45.30 - 2010-08-25 11:15:05.20 / 619.90 secs / 4378 data points
INFO Geolocation: occ: 121.5 E / 61.4 N / -115.2 azimuth
INFO leo: 178.1 E / 61.4 N
INFO gns: 60.1 E/ 0.6N
INFO Extracting continuous data segments...
INFO CL data has 1 CA segment:
INFO CL segment: 2010-08-25 11:05:18.00 - 2010-08-25 11:06:57.18 / 99.18 secs / 4960 data points / -27.61 - 199.98 km
INFO CL data has 2 P2 segments:
INFO CL segment: 2010-08-25 11:05:41.34 - 2010-08-25 11:06:23.70 / 42.36 secs / 2119 data points / 29.29 - 127.02 km
INFO CL segment: 2010-08-25 11:06:52.90 - 2010-08-25 11:06:57.18 / 4.28 secs / 215 data points / 190.87 - 199.98 km
ROSA data Quality control
ARNING Noise calculation deactivated for ROSA Rinex data for CA_exphase_noise 1f, set to missing.
ARNING Noise calculation deactivated for ROSA Rinex data CA_exphase_noise local_1f, set to missing.
ARNING Noise calculation deactivated for ROSA Rinex data for L2_exphase_noise 1f, set to missing.
ARNING Noise calculation deactivated for ROSA Rinex data L2_exphase noise_local_1f, set to missing.
—1.62952e5 p2 Exc Phase [m]
T T T T
i ; i i Lo ps SNR
- ! H ! ! ! T
1.60 s
1.55
1.50f e
1454
1.40(
135wt
138000 40000 60000 80000 100000 120000 140000 160000 180000 200000
i SLTA [m]

i i i i i
40000 60000 80000 100000 120000
SLTA [m]

Another case is the following one, which involves the first occultation with SV03

Sat GO3 (rising)
Satellite GO3 with 2 occultations:
CL data: 2010-08-25 04:25:44,22 - 2010-08-25 04:32:28,20 / 403,98 secs / 8033 data polnts
Geolocation: occ: 98.7 W / 76.9 N / -30.6 azimuth
leo: 77.5W / 52.7 N
gns: 114.5 E / 25.3 N
Extracting continuous data segments. ..
CL data has 2 CA segments:
CL segment: 2010-08-25 04:25:45.00 - 2010-08-25 04:26:38. 2
CL segment: 2010-08-25 04:26:40.20 - 2010-08-25 04:32:28. 2
CL data has 2 P2 segments:
CL segment: 2010-08-25 04:26:05,20 - 2010-08-25 04:26:38.20 / 33,00 secs / 331 data points / 103.82 - 202.35 km
CL segment: 2010-08-25 04:26:40,.20 - 2010-08-25 04:31:38,50 / 298, 30 secs / 5825 data points / 208,09 - 724,89 km

0 / 53.20 secs / 664 data points / 40.02 - 202.35 km
0 / 348.00 secs / 7330 data points / 208.09 - 736.40 km

This case is not interested for neutral atmospheric studies, but it could be qualitatively taken into
account to reveal the ROSA capability in sounding also the itieosplIn fact, L1 and L2 Excess
phase profiles reveal ionospheric behaviand the uncalibrated TEC can be easily extracted
considering their difference. All such plots are shown here below.
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Another nice example is the one also involving SV03 (its second occultation), whose data are
observed between 05:53 and 06:01 (25/08/2010)

INFO CL data: 2010-08-25 05:53:05.26 - 2010-08-25 06:01:06.20 / 480.94 secs / 6877 data poincs

INFO Geolocation: occ: 105.8 W/ 34.4 ¥/ -36.4 aziwuch

INFO leo: 90.3 0/ 12.4 N

INFO gns: 141.4 E / 51.4 M

INFO Extracting continuous data Segmwents. ..

INFO CL data has 1 CA segment:

INFO CL segment: 2010-08-25 05:53:05.26 - 2010-08-25 06:01:06.20 / 480.94 secs / 6877 data poincs / -136.67 - 728.43 km
INFO CL data has 1 P2 segmwent:

INFO CL segment: 2010-08-25 05:54:04.65 - 2010-05-25 06:01:06.20 / 421.52 secs / 3922 data poincs / 53.13 - 728.43 km

Also in this case data are nstd good for neutral atmospheric studies (L2 starts to be tracked too
high), but the ionospheric observation reveals a nice uncalibrated TEC behavior, as shown by the
following plots. It has to be highlighted the structure HBO km SLTA. It is not clear ithis is caused

by a systematic effect (see eoidSect. 2.3) oif it is related to some ionospheric structures (sporadic

E layers ?)
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Anothersimilar example fdows.

L1 (left) and L2 (right) Excess Phase profile

Uncalibrated TEC (L1 L2) profile

INFO Sat G29 (rising)

INFO Hatellite GZ9 with 2 ocoultations:

INFO CL data: 2010-05-25 05:26:30.28 - Z010-03-25 05:34:12.20 / 461.92 secs / 53915 data points

INFO Geolocation: oco: 84.1 W/ 58.7 5/ -19.2 azimuth

INFO leo: 25.0 W/ &0.2 3

INFO gns: 103.3 W/ 14.9 W

INFO Extracting continuous data sSegments...

INFO CL data has 1 CL secwent:

INFO CL segment: 2010-08-25 05:26:30.26 - Z010-08-25 05:34:12.20 / 461.92 sews / 5915 data points / -95.598 - 744.41 Jm
INFO CL data has 1 P2 segment:

INFO CL segment: 2010-03-25 05:27:22.70 - 2010-08-25 05:34:12.20 / 409.50 secs / 3552 data points / 71.46 - 744.41 km

L1 (left) and L2 (right) Excess Phase profile
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Generally speaking, as an overal/l irawd qualita
reveals good L1 Excegthases profiles, even if the caapmnding SNR profiles are quite noisy and

shows an abrupt depression around 100 km SLTA. It has to be confirmed the minimum SLTA when

L1 is Asafelyd tracked, but we thought it is in

On the other hand, L@rofiles are not so good:he cause is probably dependent on the particular
configuration of the ROSA payload dmard OCEANSAT2 and on the strong (and not controllable,
because of the jaw bias introduced on the platform after 4tshim displacement)ocal multipath.
Anyway, considering the entire thirty hours datagetytstart too high in the atmosphere and this will
probably require attoc algorithm for their extrapolation down to where kfcessphasesare
available Moreover they show several dajaps (greater than 1.3 sec) at different heights.

7.1.2 Quality Check of raw data availability

In order to make a more quantitative quality analysis, the output ekthect _segmentfphethodwas
further processethrough an aghoc Matlab scriptin order tocreate some statisticEhe entire output
file createdcannot beshownhere becausef its length As a sake of example, ig here reported the
part related to occultations identified for the first SV02 (bold lines identify the 4 occultations)

INFO  Extracting and calibrating occultation data...

INFO Sat GO02 (rising)

INFO Satellite GO2 with 4 occultations:

INFO CL data: 201608-24 14:42:08.34 201008-24 14:49:53.20 / 464.86 secs / 3666 data points

INFO Geolocation: occ: 141.0 E / 23.7 SIA.7 azimuth

INFO leo: 148.9E/49.3 S

INFO gns: 123.0 E/50.7 N

INFO Extracting continuous data segments...

INFO CL data hdsCA segment:

INFO CL segment: 2008-24 14:42:08.34 201008-24 14:49:53.20 / 464.86 secs / 3666 data poirit803.11- 731.14 km
INFO CL data has 1 P2 segment:

INFO CL segment: 2008-24 14:43:05.18 201008-24 14:49:53.20 / 408.02 secs/ 860 data points / 5498%.14 km

ORIGINAL DATA QUALITY CONTROL

WARNING Noise calculation deactivated for ROSA Rinex data for CA_exphase_noise_|If, set to missing.
WARNING Noise calculation deactivated ROSA Rinex data CA_exphase_noise_local_If, set to missing.
WARNING Noise calculation deactivated for ROSA Rinex data for L2_exphase_noise_If, set to missing.
WARNING Noise calculation deactivated for ROSA Rinex data L2_exphase_noise_local_linssita.
WRITE ORIGINAL to NETCDF

INFO Writing
/homel/ricky_notar/data/ROSA/levellal/rosa_lla_oc2_20100824144208Z_20100824144953Z_20120118145142Z.n4... successful.
INFO CL data: 201€08-24 20:30:14.28 201008-24 20:38:00.20 / 46.92 secs / 6686 data points

INFO Geolocation: occ: 127.6 W / 21.9466.4 azimuth
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INFO leo: 118.8 W/ 47.2 N

INFO gns: 149.3W/51.8 S

INFO Extracting continuous datgments...

INFO CL data has 1 CA segment:

INFO CL segment: 2008-24 20:30:14.28 201008-24 20:38:00.20 / 465.92 secs / 6686 data poirit4d.23- 726.37 km
INFO CL data has 2 P2 segments:

INFO CL segment: 201:08-24 20:31:23.16 201008-24 20:31:25.74 / 2.58 secs/ 130 data points / 8188846 km
INFO CL segment: 2008-24 20:31:41.14 2010-08-24 20:38:00.20 / 379.06 secs / 2343 data points / 1352837 km

ORIGINAL DATA QUALITY CONTROL

WARNING Noise calculation deactivated for ROSA Rinex data for CA_exphase_noise_|If, set to missing.
WARNING Noise calculation deactivated for ROSA Rinex data CA_exphase_noise_local_lIf, set to missing.
WARNING Noise calculation deactivated for ROSA Rinex data for L2_exphase_noise_|If, set to missing.
WARNING Noise calculation deactivated for ROSA Rinex data L2_exphase_noise_local_If, set to missing.
WRITE ORIGINAL to NETCDF

INFO Writing
/homef/ricky_ndtar/data/ROSA/levella/rosa_|la_oc2_20100824203014Z_20100824203800Z_20120118145148Z.n4... successful.
INFO CL data: 201608-24 22:00:44.26 201008-24 22:09:18.20 / 513.94 secs / 4496 data points

INFO Geolocation: occ: 1194/ 50.9 N /-175.9 azimuth

INFO leo: 111.5W/77.0 N

INFO gns: 123.9W/25.3S

INFO Extracting continuous data segments...

INFO CL data has 1 CA segment:

INFO CL segment: 201:08-24 22:00:44.26 201008-24 22:09:18.20 / 513.94 secs / 4496 data poirt$8.35- 731.82 km
INFO CL data has 2 P2 segments:

INFO CL segment: 2008-24 22:01:47.20 201008-24 22:01:59.30 /12.10 secs / 122 data points / 68:0®1.56 km
INFO CL segment: 2008-24 22:02:29.20 2010-08-24 22:09:18.20 / 409.00 secs / 1165 data points / 1817.32.82 km

ORIGINAL DATA QUALITY CONTROL

WARNING Noise calculation deactited for ROSA Rinex data for CA_exphase_noise_|f, set to missing.
WARNING Noise calculation deactivated for ROSA Rinex data CA_exphase_noise_local_lIf, set to missing.
WARNING Noise calculation deactivated for ROSA Rinex data for L2_exphase_noise tdf rsissing.
WARNING Noise calculation deactivated for ROSA Rinex data L2_exphase_noise_local_If, set to missing.
WRITE ORIGINAL to NETCDF

INFO Writing
/homef/ricky_notar/data/ROSA/levellalrosa_lla_oc2_20100824220044Z_201008242209182180430%27.n4... successful.
INFO CL data: 201608-24 23:25:32.30 201008-24 23:27:03.20 / 90.90 secs / 2950 data points

INFO Geolocation: occ: 41.3 W /52.8494.8 azimuth

INFO leo: 0.7M7.5N

INFO gns: 119.2W/ 80N

INFO Extracting continuous data segments...

ORIGINAL DATA QUALITY CONTROL

WARNING Noise calculation deactivated for ROSA Rinex data for CA_exphase_noise_|If, set to missing.

WARNING Noise calculation deactivated for ROSA Rinex data CA_exphase_noise_local_lf, set to missing.

WARNING Noise calculation deactivated for ROSA Rinex data for L2_exphase_noise_If, set to missing.

WARNING Noise calculation deactivated for ROSA Rimlata L2_exphase_noise_local_If, set to missing.

WRITE ORIGINAL to NETCDF

INFO Writing
/home/ricky_notar/data/ROSA/levella/rosa_lla_oc2_20100824232532Z_20100824232703Z_20120118145155Z.n4... successful.

Thanks to this output file, an analysis the number of continuous L1 and L2 Exepbase segments,

on the minimum SLTA from which L1 and L2 Excgssases are available and on the length of the
continuous segments can be performed.

In the followingplot, histograms of minimum SLTA L1 CA staahd SLTA length of continuous L1

CA data segments are show®80 continuous L1 CA segments are recognized and, without
considering a very small number of outliers, CA tracking (with channel status between 5 and 9) starts
below-100 km SLTA (left histogramand it continues without interruptions (greather than 1.3 sec) up

to the orbit height{800 kmi see the right histogram).
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Quite different results are obtained analyzing L2 continuous segment. First 47 altpntinuous
segments are recognized. Téfere it is expected that, more or leag have200 data gaps477 L2
segments 280 L1 segments) greater than 1.3 sec. The histograms showing minimum SLTA for
which L2 is trackednd SLTAintervallengths of continuous L2 Excess Phase segnartsepord

here below

400 500 600 700 60D
P2 stant SLTA [km]

/\ ROSA raw ExPhase data - observations collected from 13:30 24/08/10 to 17:40 2500810

30

0 100 200 300 400 500 600 700 8OO
P2 delta SLTA [km]

L2 Excess Phase data quality is different from the L1 one. In particular:
- ~240continuous segments out of 4~<50%) are characterized by a minimum SLTA < 100 km

(A+B cases highlighted in the previous plot).

- for ~1300f these(~28% of the total), the SLTA interval length (up to the first data gap) is < 100
km (case A highlighted in the previous plot)

- ~110of the remainingcontinuous L2 Excess Phase profiled % of the total) last up to the
height orbit (the SLTA continuous data intdriength is more than 600 km)

The following scatter plots further summarize this analysis
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In this scatter plat each pointrepresent@ couple minimum SLTA (start trackin@) SLTA interval

length of continuous tracking (L1 CA in blue, L2 P2 in redk ¥én easily identify couples belonging

to A and Bensembles

All these A+B continuous events should be in principle used for neutral atmospheric sounding.
Unfortunately the minimum SLTA where L2 starts to be tracked is not constant but, as it is shown in
the plot in the page before, is distributed betwe@rand~100 km SLTA, with anaveragedvalue
around 50 km SLTA. And this poses several problems for lower tropospheric retrievals.

Next plot shows the cumulative distributioih the identified continuouk2 Excess Phase segments
belonging to the A + Bensemble(240 events), in function of the start SLTA for which they are
tracked. These events last at least up to 100 km.
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From this plot we can see that
- for ~3% of the 240 events (7 eventk?2 starts to b tracked below 0 km SLTA
- for ~8% of the 240 events (20 event&p starts to be tracked below 10 km SLTA
- for ~20% of the 240 events (50 events), L2 starts to be tracked below 25 km SLTA

Finally, a distribution of data gaps (greater than 1.3 sec) sanbal shown, for both L1 CA and L2
P2 Excess Phase data.

CA data gap
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In the analyzed dataset, L& data gapsvere identified (top plot). Looking at the distribution of start
SLTA tracking (top left), these can be considered as outliers in the overall distributio

As far as the L2 Excess Phase profiles are conceBiédjata gaps are identified (bottom plot). In
average they are placed at 100 km (bottom left), with one second minor mode at 200 knirS8eTA
averaged length of these gaps39 km (see bottom rig plot).

In the following sectiona quantitative analysis on the products generated both by the -SRRS
ROPP_PP software at the bending angle, refractivity and dry temperature levels and by the
EUMETSAT YAROS prototype at the bending level will be shown Appendix B it is reported a

table which summarizes minimum SLTA values for L1 and L2 identified for all the segments
analyzedprdered by theninimumSLTA for which L2 is tracked.
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7.2 Quality check of atmospheric profiles(ROPP_PP products only)

In this section a quantitative analysis describing the results obtained applying the-SHMRAS

ROPP_PP software to Levella data produced by the YAROS/ROSA prototype is provided.
The analysis is performed on each single profile. For each profile, the truthsisiered to be:

- the corresponding collocated ECMWF proffibe profiles were made available by DMI on the
basis of the geometrical characteristics of each identified R@SAltationevent eeChapter
6)
- the corresponding collocated profile observedobhg of the other operative Radio Occultation
missiors. In this case, collocatisraresearched
e ona box of +/ 10° lat and long centered on tREOSA occultation reference poitfthe lat,
long corresponding to the point for which SLTA = 0)
e +/- 1.5 hours arond theROSA occultation reference timghe time for which SLTA = 0)
A dataset is created considering occultations derived by COSMIC, MEAT&@#® TERRA SAR
X.

For each of the best identified ROSA occultations (the goodness of the profile is based on the

minimum SLTA for which L2 is available), several comparisons will be shown:

- Tdry and Refractivity profiles against corresponding ECMWF collocated profiles

- Tdry, Refractivity and Bending Angle profiles against corresponding collocated profiles derived
by aher Radio Occultation mission and processing software (all the data are taken by the
CDAAC archive)

Results will bedetailedfor some ofthe events for which L2 is available at least from 10 km SLTA
(the table here below which is extracted by thene n Appendix Bi lists such events)Events

hi ghlighted in red didndét pr odu cResultsmhtaineddar alu t
the other events for which L2 is available at least from 10 km SLTA, are shown for completeness in

( be

Appendix C.

LAT LONG min L1 SLTA max L1SLTA |min L2 SLTA |max L2 SLTA
1|occ_20100824_173338_0CS2_G030.nc 53,42|  -68,46 -89784,42 746508,26 -7541,92 746508,26
2|occ_20100824_204031_0CS2_G023.nc -12,46| -113,52 -126462,02 737771,02 -4861,87 101494,75
3|occ 20100825 131659 OCS2 G026.nc -24,07 -3,95 -112445,91 741210,11 -3973,11 101191,59
4{occ_20100825 021129 OCS2_GOO5.nc 53,11| 57,62 -76015,60 731515,44 -3308,72 731515,44
5|occ 20100825 145258 OCS2_G009.nc 12,01|  -25,82 -125113,95 736426,62 -2742,09 98401,52
6|occ_20100824 234850 0CS2_GOO5.nc 24,00 -149,16 -118431,78 729235,65 -1003,11 112366,91
7|occ_20100825 144218 OCS2_G018.nc 26,21 -11,51 -116755,98 730285,66 -335,57 98660,24
- [oec_20100825 082822-0C52_Got6ne | 55,3] 7102 Seaos36] _7aze0s08]  osesa] eazr,e]
9|occ_20100825 050929 0OCS2_G030.nc 52,35| 12344 -84516,57 748366,12 3049,31 85518,83
10|occ_20100824 155643 0OCS2_GO12.nc 55,77|  -33,62 -81616,44 749986,67 413185 173273,17

[ary
[

12|occ_20100825_154642_0CS2_G021.nc 18,02 99,01 -127712,89 728833,17 5649,41 652477,63
13{occ_20100824 211309_0CS2_G032.nc -53,28 19,79 -79086,80 733358,32 8051,46 733358,32
14{occ_20100824_141646_0CS2_G026.nc -60,64 -19,54 -82036,30 734887,33 8330,41 171239,57
15|occ_20100825_172401_0CS2_G016.nc 13,84 78,22 -133437,76 727559,27 8889,34 727559,27
16{occ_20100824_150548_0CS2_G021.nc 43,59 93,92 -119726,02 735956,39 9543,48 735956,39
17|occ_20100825_124850_0CS2_G027.nc 59,55 65,04 -96442,03 727900,10 9612,77 727900,10
18|occ_20100825_000425_0CS2_GOD08.nc -32,08| -169,29 -105083,63 739739,98 9797,01 214743,22
19{occ 20100824 152721 OCS2 GOD14.nc 37,74 -32,64 -128949,03 727438,59 9931,69 92848,80
20|occ_20100824 190649 OCS2 G031.nc -33,33 -95,06 -104336,49 740286,19 10193,59 102360,28

It has to be said up to know that algorithms implemented on ROPP_PP were not tailored to ROSA
Levella data (derived by Yarogpnly some trials were made considering applications of different
approachesand settingdor the statistical optimizatiorMoreover, only GEOMETRICAL OPTICS
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algorithms were used to process ROSA data with ROPF-iR&y, the major impact on the final

results is thought to be caused by the not tailored procedures already implemented for the data gap

interpolation. As it is cleaROSA L2 data o#board Oceansd suffer for this problem.
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LC_ weight is a measurement on how much tbeolfFree (IF) and Statistically Optimized (SO)
bendingangleprofile is expected to be derived by data (LC_weight arid how much is derived by

L2 modelling/climatology. Cyan is used to identify LC_weight < 0.5 (= 0.5 wdyam dots start),
magenta when LC_weight >= 0.9.
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COMPARISON AGAINST CO -LOCATED ECMWF PROFILE

0C-20100824173338-0C52-G030-EUME  Comparison with colocated ECMWF data
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COMPARISON AGAINST OTHER CO-LOCATED OCCULTATIONS
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Dots shown the geographical position of theafght Line perigee when SLTA = @or the ROPP
derived profile) and when Excess Phases is 500 m (for the CDAAC derived profie}itle of the
left plot is the euclidean distance between these two paimdsthe time interval between the two
events.

A list of the collocated occultation profiles is the following

% 1 - 10 deg, 1.5 h

% ropp_pp occ_ 20100524 173338 0032 GO030.ne -53.46 -65.42

¥ atwPrf CO05.2010.236.16.46.G22_2010.2640 ne -51.02 -68.72

file ropp=['ropp_pp occ 20100824 173335 _O0C32_GO30.nc']: blue
file cosw=['atwPri CO0O5.2010.236.16.46.G22 2010.2640 nc']; red
file meta=[]:

file trsx=[]:

1= il
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In order to identify some impact of the new statistical optimization algorithm applied by the standard
version of ROPP_PP to raw bendimggleprofile, it is deactivate@nd data were algarocessdwith

the older version ofthe stratospheric optimization. Results in terms of bending angle profiles do not
practically change, as it is shown in the following plot:
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In the right plot,greenis used to plot the fractional errabtained when the statistical
optimization (SO) is activated while ired fractional error obtained without statistical
optimization (LCSO algorithm). Also impacts on Refractivity and Dry Temperature are
minimum (see blow).
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