Providing the GPS Navigation Bits (NBS) for
LEO GNSS occultation processing in support

of atmospheric measurements and research

Romero? C. Garcia-Serrano?
R. Zandbergen3 C. Marquardt#
Y. Andres# L. Esteys

G. Beyerles R. Notarpietro#

1 SAC S.L. @ ESA/ESOC, Darmstadt, Germany

2 GMV S.A. @ ESA/ESOC, Darmstadt, Germany

3 ESA/ESOC, Darmstadt, Germany

4 EUMETSAT, Darmstadt, Germany

> UNAVCO, Boulder, Colorado, USA

6 GFZ German Research Centre for Geosciences,
Potsdam, Germany

Abstract

This poster presents the work led by ESA/ESOC to develop an NBS
standard and implement a data service to Eumetsat to support
satellite occultation processing. The Navigation Bit Stream (NBS) is
the sequence of bits corresponding to the navigation message; these
bits contain the satellite’s navigation message plus the constellation
almanac. The information contained in this sequence of bits can be
very useful for radio occultation processing at very low or even
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negative elevation angles. In the presented work teqc is used to
extract the navigation bits from the receiver’s binary files of a
worldwide tracking network of existing CORS.

All the stations in view receive the same bit stream from each of the
overhead satellites; therefore there 1is the high possibility of
redundancy. It is considered useful to have a merged file (similar to
the ‘brdc’ combined GNSS navigation message file). This is the reason

why ESOC has defined a format that contains the most useful
information from the output of teqc and that allows the possibility of
combining messages from several receivers in a very compact way.

It is proposed that the IGS start accumulating the Navigation bits
from multiple stations in the IGS network and that a long-term NBS
data repository is developed by the IGS to support occultation
processing for LEO satellites.

NBS Usage: GRAS Radio Ocultation Processing

Usually GPS receivers provide carrier phase measurements Navigation Bit Removal
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data in daily batch processing mode. time [year] order to improve lower troposphere RO retrievals,

especially in the tropics.
A subset of GFZ navigation bit raw data is made available in

near-real-time to ESA/ESOC in support of their NBS data service to Eumetsat. As navigation bit measurements can suffer from reception problems, GSN implements a strict quality control

based on the simultaneous observation of the same navigation bit sequences by independent GPS ground receivers

GFZ's navigation bit data archive is open to the scientific community for post-processing applications and may be (“multiplicity”), aiming for global and continuous coverage with a 45 min maximum delivery window.

accessed through GFZ’s Information System and Data Center at the URL http://isdc.gfz-potsdam.de.

ESA/ESOC has developed a tool to read the teqc navigation bit stream files from a
network of stations over common timespans and merge them into one single
constellation file using majority voting within 45 minutes for use in near-real-time radio
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occultation processing, following the defined format as shown below. This product is
0001111001000 € Stat* YYf being provided to EUMETSAT operationally (for GPS L1 CA) since May 2013.
q 1 1078227524 G0l Ca 5 10 ZZczfell 26834ddc 120BD320 03fffedd 3£4e8007 1ThchzB3 3873fa0c D8clVellS 15c88TEd ScO005ed 000 MOG
2 1072227304 c02 Cad £ 10 22c2fFrl0 26034d4c 120bA320 03f££fefd 3£f4e2007 1Thch223 3873fa80c 02cLTelE 1Ec08227F4 3c0005e2 000 M13
4 107827804 804 (A § 10 22026610 26904dde 12000300 DIEEE+CA IFAeBDDT L7bch2Bd 38736a0c 0OcC7elS 15083764 3c00DGed 00D 12
C 5 1078227394 EDE Ei 5 10 EEEEEEID 259.31-’-1#12 129L0320 DEfff:E-’-l 3fd1:EEIEI'." 17"]:-2]::283 EETEfaEJE DEEET:IE 15288'."5’-1 EEDEIEIE:E aon Ell
& 1078227894 GOY ca 5 10 22¢ilel0 Z6924Jd4c 129L93E0 030[0[e5d 3043007 1¥LCLZ83 3873[a%c 08cC¥elS 15088704 3200055 000 M15S
71073227894 c08 CA L 10 22cifell 26934ddc 120b9320 03fffebd 3f4e8007 1Thch2B3 38T73fa0c 0Bcl¥elb 15cBBTE4 300058 000 M14
8 1073227894 c09 td L5 10 22edcdlf 1963b2e0 1290b9320 03fffebd 3f4e83007 1Thch283 3873fa0c 08cC¥elb 15c887f4 3c0005e3 000 M14d
9 1078227524 G10 CA 5 10 22cZfelld 26934d4c 129b9320 03fffebd 3£f4eB007 1TbchZ2B83 38T73fa%c 08clTelS 15c887f4 3c0005e8 000 M16
t 10 1078227894 G611 CA 5 10 22cZfell 26934d4c 129b9320 243ffefd 00bO03fel 1TbchlbT 37385470 08cl9f8c 38afchlT 03fffadd 000 MOG
11 10782278094 G1lZ C& § 10 22c2fell] 26934d4c 129b9320 03fffebd 3£f4e8007 1ThchZB83 38T73fa0c 08cl7e1L5 1LcBBTE4 3c0005e8 000 MOS
c B 12 It 1 [ 10 Mol detlale Lt ciind Seienty thente: S dnels Jieiid i o i
. & . 3 I'F'. 'R r r r rTe = M
10011000990010 g )| Stat.YYf 1§ Wiiioes bz 3 £ 1 Sececl) b 1nedth Guskii OBoEel Hnchiht 110 Geciarts Snscchd Deceeia 00
Q
'E: 'Qbi "b {x
@Q‘"" Cﬁ@- RN ¥ & & & &%&‘
.t ‘:SJH‘Q'{S\E é‘,& Q’E} <
‘L
'.q:b "":}E’ i Ty . | 3 ) = =1 - .'F"-\E [:;_""!.
c B 20 1 Consolidated merged File
ps *
010111010110 @ Stat* YYf
@ g Typical Station Coverage of GPS NBS by GSN station network
C
1 File per Station!
Extracting the NBS |
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In this activity UNAVCQO’s software teqc is used to extract the NBS from certain receiver binary formats that | |
record the full 300 bit CA navigation bits. The table below shows the NBS extraction capabilities of teqc using the | E
“+raw_nav” option for which the extraction and correct reporting of the 300-bit NAV for GPS L1CA is well tested. ' |
Brand Correct and tested Preliminarily available Future
Topcon 300-bit NBS for GPS L1CA
Javad 300-bit NBS for GPS L1CA GPS L2C and L5 (300-bit NAV or CNAV) GPS L1C
Trimble 300-bit NBS for GPS L1CA GPS L2C and L5 (600-bit CNAV+FEC) Galileo FNAV, INAV, CNAYV, GNAV
GLONASS SA Beidou B1|
QZSS L1CA
Septentrio | 300-bit NBS for GPS L1CA GPS L2C and L5 (300-bit NAV or CNAV)
GLONASS SA Y |
SBAS L1CA and L5 . |
Galileo FNAV, INAV, CNAV, GNAVY | |
Beidou B1l
QZSS L1CA, L2C, L5 (300-bit NAV or CNAV) 99.97% OK
. - - - - ; 4 station depth, 1.0 deg cutoff
Technical discussions with the manufacturers are vital to ensure that we have a correct understanding

of what is being presented in their respective formats for raw navigation bits.
| | | | /=9 NBS Frames Station Coverage Depth
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Conclusions

A new activity in gathering and storing the Navigation Bit Streams has
been presented. The approach uses a majority voting approach from
3 or more stations using the NBS as decoded by teqc from receiver
binary files. The stations used belong to a dedicated network “GSN”
setup by ESOC and its partners to provide GPS products to EUMETSAT
for support of their Metop satellite’s on-board navigation and
radio-occultation GPS receiver. The NBS service has been operational
since May 2013 providing +99% of near-real-time products with +99% k
of NBS frames as agreed with 3 or more stations. =
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|GS proposal

The consortium presenting this poster proposes to the IGS that it
activates a significant number of stations from the IGS network to
provide NBS files to the Data Centers. In a dedicated effort the
consortium members will support the Data Centers in the creation of
merged NBS files so that a global, public, complete and fully
redundant NBS repository is created to support GNSS RO and

Reflectometry research and applications.
Metop Satellite, © 2012, EUMETSAT d PP

Prepared for ESA/ESOC by Soluciones Avanzadas Canarias S.L. (www.sacsl.es)

o -l - Tl o —{ -1 ]



