Manuscript accepted fdnternational Association of Geodesy Symposia No. 143
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Abstract The GNSS software library G-Nut has been de-Keywords Multi-GNSS - MGEX - quality checking
veloped at the Research Institute of Geodesy, Topographpre-processingcode multipath experimental data
and Cartography since 2011. Along with the PPP applica-
tions for positioning and troposphere monitoring, thedhir
tool recently built using the new library is called Anubis | 1 |ntroduction
initial purpose is to provides quantity and quality monitor
ing for multi-GNSS data stored in RINEX 2.xx(2.11) and  The Geodetic Observatory Pecny (GOP) acts as analysis cen-
3.0x (< 3.02) formats. Editing, cutting and splicing modes tre for precise GNSS data processing of various networks
will be supported after implementing RINEX encoder in fu- for coordinate and velocity estimation, troposphere moni-
ture. The Anubis is capable to handle all new emerging sigtoring and GNSS orbit determination. Data from national,
nals from all global navigation satellite systems and theilEuropean and global sites stemming from various sources
augmentations (GPS, GLONASS, Galileo, BeiDou, SBASare used for all these applications. Data are disseminated i
and QZSS). Additionally, Anubis supports GPS, GLONASSthe standard RINEX (Receiver Independent Exchange) for-
and Galileo broadcast navigation messages, while othéirs winat [6], but usually without information on the data quality
be implemented soon. Supported with relevant navigatioand content. Any corrupted file may cause unexpected be-
messages, Anubis performs single point positioning and prchaviour in analyses requiring specific manual interverstion
vides GNSS data characteristics in elevation and azimuth Data quality monitoring provides information not only
dependences. The pre-processing mode is used for the §gr data processing activities, but also for a high-qualia
constructing observations affected by cycle slips or keei  collection and archiving by individual providers or by stie
clock jumps. A new algorithm was developed for code mul+ific services such as the International GNSS Service (IGS)
tipath detection supporting all signals, frequency bamdb a [1]. New challenges arose with emerging many new GNSS
GNSS constellations. Being an open-source tool, Anubis isignals, frequencies and constellations over past yeaes. T
suitable for GNSS data providers as well as data and analRINEX 3.0x format has been standardized for including all
sis centres for the quality and content monitoring prioh®t new data. Several programs for data quality checking exist,
data archiving, dissemination or a final GNSS analysis. Theuch as TEQC [4] and BKG Ntrip Client [5], but only the
Anubis first version was released in the mid of 2013 undefatter is open-source and supports the new RINEX 3.0x for-
the GNU General Public Licence, version 3. mat. Experimental data, e.g. provided by the IGS MGEX
campaign [8] including a maximum of GNSS signals avail-
able in space, need to be properly monitored and tested prior

P. Vaclavovic J. Dousa, to their use in operational analyses. This was the main mo-
NTIS — New Technologies for Information Society tivation to develop a new open-source tool which we call
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lecatlons,.e.g. for positioning, troposphgre mo.nltorargd oNEx 20, 0% [P] checking [P ciock jumpe [P] “pieces. anae || Statiotice
others. It is written in C++ applying object-oriented pro- T
gramming approach for a high adaptability in future utHiza | aecode navigations | singte point | [ i
. oy . . . . RINEX 2.xx, 3.0x positioining elevations
tions. Although it is designed for a command-line operation

with a single input configuration file, a graphical user inter Fig. 1 Basic block diagram of Anubis operation

face can be added in future.

Th_e ma(;n pulr_pose OT th_e Anbelis tO(_)II S cgr,{lesnstlyé thefile starts with sections common to all G-Nut's applications
quan_tlty alm fqualty n_10n|to;|ng 0”‘? avalla ”e ot ata’concerningtheinput, outputand general settings. Adutitio
I.e. signals, frequencies and satellite constellationttintg, .\, ejements are used by individual applications, such as

cuttin-g and splicing modes .Wi”_ be suppor.ted after impIe-< gc> used by Anubis only. The example of a configuration
menting RINEX encoder which is planned in future. ProperiS given below for a brief discussion:

attention was paid recently to support RINEX 2.xx2.11) <2xml version="1.0" encoding="UTFE" standalone="yes" 2
and RINEX 3.0x K 3.02) input formats. While the G-Nut <ipocTYPE config>

library is not publicly distributed, the Anubis and otheden <config>

user applications are released under the GNU Public Licensegen-

v3 and the source code can be downloaded from the web <Pe%> '2013-02-09 00:00:00" </beg>

<end> "2013-02-09 23:59:30” </end>

http://www.pecny.cz/. The compilation and executioncanb  <sys> GPS GLO GAL BDS SBS QZS</sys>

) . . ; <int> 30 </int>
tested using the example data and configurations provided ol srux GOPE MATE </recs

in an additional support area (see the web page). The soft</gen>
ware is designed as a multi-platform application with no ex- _inputs>
tra need for specific developing libraries or programming <rinexo> RINEX/mate0400.130</rinexo>
. . <rinexo> RINEX/gope0400.130</rinexo>
frameworks. Although Anubis was successfully compiled <rinexo> RINEX/brux0400.130</rinexo>
i H _ <rinexn> RINEX/brux0400.13n</rinexn>
on Wlndows and OS X, we currently support onIy_L_lnux OP-  Zlinexns RINEX/brux0400 13 </rinexns
erating systems due to the presence of a few critical points <rinexn> RINEX/brux0400.131 </rinexn>

Yy
XTR, XML

A 4

for an easy compilation on other systems. However, this is</'"Pu!s>
expected to be resolved for any future release. <gc secs| udm—:””ll”’,
This paper aims for describing basic functionalities and cecestor1r
algorithms of the first release of Anubis in August, 2013. 22;02%&:
The program configuration structure and setting options are secjni};zu
described in the second section. Extraction output format 2:2@1221
including quantitative and qualitative statistics is dissed secmpx="2"
i i i i i ; int_stp="1200"
in the third section. Algorithms used for data quality moni- It g8 ="600"
toring, i.e. pre-processing and code multipath estimat®on int_pcs="1800"
described in the fourth and fifth section, respectively.dn-p molimar3.0% 1>

ticular, the fifth section provides a new formula developed
<outputs verb="1">

for the multi-signal, multi-frequency and multi-constgibn <xtr> $(rec)-130400. xtr </xtr>
code multipath detection. Summary and future Anubis de- <xmi> $(rec).130400.xml </xml>
. . <log> /dev/stdout <l/log>
velopments are concluded in the last section. </outputs>
</config>

The section< gen> defines general information, such
as the beginning and the end epoch of data to be dealt with
ébeg end), list of requested satellite systensy§, sampling
interval (nt) and the list of marker names included in the
processingrec). The section< inputs> defines all input
files in specific formats, such as observatioingxo) and
navigation (inexn) data. If navigation files are defined, ex-
tracted quantities are supported with azimuths and eleva-

Anubis -x config.xml (Anubis config.xml). tions.

The XML format has been chosen because of its flexibil- | € Section< qc > contains the level of verbosity set-
ity, extensibility and the support by many end-user editorstings for individual Anubis functions as shown in Fig. 1:
The format is applied for all end-user applications derived — summary informationgecsun),

from the G-Nut library while different elements correspond — meta data in header and from user requesstsl{dr),
to the specific application functionalities. The configimat = — overall observation statisticsécobs,

2 User configuration

Anubis can be executed from a command line with a sing|
parameter defining the configuration file name in the Exten
sible Markup Language (XML) format or, alternatively, by
reading XML configuration from the standard input (or via
Linux pipe):
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— data gaps and small data piecesdgap), data summary quantification. The first first three values pro-
— band counting from available observatiose¢bnd), vide an overview of the number of epochs — expected within
— cycle slip and clock jump detectiosdc pre), a period and samplingexpE p, observediflavE p and us-

— azimuth and elevation informatiosdcele), able UseEp. The usable epoch is introduced if four or
— multipath estimationdecmpy). more satellites are observed with the minimum of two fre-

. . . . uencies. The criterion of four satellites is applied omly t
Additional attributes concern specific procedure settlngsq bp y

such as a) interval step in seconds for all time-specific chalglobal constellations, i.e. not the augmentation systées |
) P P SBAS or QZSS.

risticsifit_ intervalsin nds for in
:ﬁtde srs’r:;IT g;tzt p)i,etc):)emt(e : S intsegg :r? doc)dse;[aticr: sg fgc])?ps The next two value<CoE pandxPhE p count the amount
P -gap int-p g of excluded measurements due to the presence of single-

the multipath estimation — the number of epochs used fO{ . : "
the multipath calculatiomfpxne and the factor for sigma requency code or carrier phase observations. Additiogal d
tails are given in thxCoSvand xPhSvvalues summariz-

multiplication for internal cycle slip detectiom(pxlim). It . . . .
P A P mip ) ing the total number of satellites with only a single-band

should be noted, that this factor does not relate to the pre- . . .
. o o . code and carrier phase observation, respectively. If thed le
processing part. In case of missing any specific setting, the : o
of verbosity for the pre-processing is set to two or more,
default values are used. : : .
. ) numbers of detected cycle slips and clock jumps are printed
The last sectionc outputs> defines requested output .

. . . . in nSlpandnJmpcolumns, while further event details are
files, which can be done uniquely for all processed sites (re- P P

. : . o . . printed in the pre-processing section, see Tab. 2. The pres-
ceivers) via applying a specific variablee€). Along with : ' .
A ence of data gaps and short data pieces, both defined by cri-
the general log file (in our example the standard output)teria in the settings, are summed up in tf@apandnPcs
Anubis output can be stored in two extraction filegr) gs, P P

. . - . r ively. The | lumn how mean val f
and ml). While the former is an original Anubis format espectively. The last columneng sho ean values o

described in the next section, the latter is the XML formatrm"“palth forindividual frequencies over all signals.

developed at the Center for Orbit Determination in Europe
(CODE) [9]. As shown in the setting example, Anubis can
be configured to process more RINEX files at once, e.g. a
data stored in a directory.

ﬁf Data pre-processing algorithm

Data pre-processing, i.e. searching and repairing claokgi
and phase cycle slips, is very important part of any software
dealing with GNSS carrier phase data analysis. For high-
accurate applications, only periods with uninterruptedisa

Results of the Anubis data quality and quantity analysis ardit€ tracking can be used efficiently due to a single initial
summarized in the extraction file. Its format has been de@MPiguity setup for each satellite and frequency. If the-con

fined as a plain text divided into multiple sections contagni  tinuity is broken for a particular satellite and a relevaytie
similar structure and supporting easy information seaghi SIiP cannot be estimated, a specific ambiguity must be added
via defined keywords. The format also support epoch-wist® the solution implying additional estimated parameters.
and satellite-specific characteristics suitable for pigttthe Anubis exploits various time differenced linear combi-
former is organized in lines, the latter in a fixed column for-Nations that are compared with predefined thresholds. The
mat. Table 1 shows three example segments of the extractiG¥Cl€ Slip detection algorithm is based on Melbourne-Wegtab
— a) summary part, b) observation quantitative statistics a [2] and geometry-free linear combinations due to their use-

¢) elevation and azimuth angles. Users decide how detaildy! Properties. The latter is usually denoted agsind defined
information they require via the verbosity setting in theco PY the equation

3 Anubis summary file

figuration file. _ _ . _ _ La=L1—Lo= ANy — AsNo—I1 1o (1)
The observation section contains a list of available sys- f2
tems, satellites and signals. The summary contains two list = AN — AN — I3 (1 — f—lz) ,
2

— the one reported in the header (622 SHDRkeyword in
Tab. 1) and the second from collecting real da@&®EOBS where subscripts 1 and 2 stand for band numbeis,the
keyword). From such comparison the user can identify emptarrier frequency in meters, denotes wavelengthy ini-
data records which is often the case in the EUREF and IG8al ambiguity,| ionospheric delay anél frequency. The 4
experimental campaigns. The elevation and azimuth sectias independent of receiver clock errors and geometry (satel
is supported only if broadcast ephemerides are available. lite/receiver position) and it contains only ionospherés d
For a brief user overview, the most important is the sumilays and initial ambiguities for both frequencies. All othe
mary section which is explained in detail. Each line rep-frequency-independent terms are neglected. The first two
resents one GNSS or augmentation system and its relevatierms on the right site of Eq. 1 are constant in time meaning
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Table 1 Selected segments of the Anubis extraction from RINEX 3l8eovation and navigation data for GOP7 station, April 18,2

# gNut-Anubis [1.0.1] compiled: Nov 1 2013 09:52:48 ($Rev: 615 $)

#====== Summary (v.1)

#GNSSUM 2013-04—15 00:00:00 ExpEp HavEp UseEp xCoEp xPhEp xCoSv xPhSv nSlpmpnidnGap nPcs mpl mp2 mp5 mp6 mp7 mp8
=GPSSUM 2013-04—-15 00:00:00 2880 2880 2880 0 0 430 424 219 0 0 0 47.7 53.5 235 - - -
=GALSUM 2013-04-15 00:00:00 2880 974 0 974 974 2 2 0 0 0 0 433 - 16.1 - - -
=GLOSUM 2013-04-15 00:00:00 2880 2880 2880 0 0 162 156 0 0 0 0 53.3 64.2 — - - -
=QZSSUM 2013-04-15 00:00:00 2880 96 96 0 0 0 0 0 0 0 0 - - - - - -
=SBSSUM 2013-04-15 00:00:00 2880 2880 2880 0 0 10226 10226 0 0 0 0 - - - - - -
#====== Observations (v.1)

=GNSSYS 2013-04-15 00:00:00 5 GPS GAL GLO QZS SBS

=GPSSAT 2013-04-15 00:00:00 32 GO01 G02 GO3 G04 GO5 G06 GO7 GO08 G09 G10 Gll G12 GIB G15 G16 G17 G18 G19 G20 G21 G22 G23 G24
=GALSAT 2013-04-15 00:00:00 2 - - - - - - - - - - E11 E12 - - - - - - - - - - - -
=GLOSAT 2013-04-15 00:00:00 24 RO1 RO2 R03 R04 RO5 R06 RO7 R08 R09 R10 R11 R12 R148 R15 R16 R17 R18 R19 R20 R21 R22 R23 R24
=QZSSAT 2013-04-15 00:00:00 1J01 - - - - - - - - - - - - - - - - - - - - - - -
=SBSSAT 2013-04-15 00:00:00 4 — - - - - - - - - - - - - - - - - - - S20 - - — S24
=GALHDR 2013-04-15 00:00:00 6 C1X L1X S1X C5X L5X S5X

=GPSHDR 2013-04-15 00:00:00 15 C1C L1C SI1C CIW L1IW SIW C2X L2X S2X C2W L2W S2W CBEX S5X

=QZSHDR 2013-04-15 00:00:00 9 CIC L1C S1C C2X L2X S2X C5X L5X S5X

=GLOHDR 2013-04-15 00:00:00 12 C1C L1C S1C C1P L1P S1P C2C L2C S2C C2P L2P S2P

=SBSHDR 2013-04-15 00:00:00 3 C1C L1C sicC

=GPSOBS 201304-15 00:00:00 15 C1C Cl1w C2w C2X C5X L1C LIW L2W L2X L5X S1C S1W S282X S5X

=GALOBS 2013-04-15 00:00:00 6 C1X C5X L1X L5X S1X S5X

=GLOOBS 2013-04-15 00:00:00 12 C1C C1P C2C C2P L1C L1P L2C L2P S1C S1P S2C S2P

=QZSOBS 2013-04—-15 00:00:00 9 CIC C2X C5X L1C L2X L5X S1C S2X S5X

=SBSOBS 2013 04-15 00:00:00 3 C1C L1C sicC

#====== Elevation & Azimuth (v.1)

#GNSELE 2013-04-15 00:00:00 Mean x01 x02 x03 x04 x05 x06 x07 x08 x09 x10 x11 x1P3xx14 x15 x16 x17 x18 x19 x20 x21 x22 x23 x24
GPSELE 2013-04-15 00:00:00 36 — — 46 - - 67 11 - - - - - - - 10 61 - 51 24 - 56 34 — -
GPSELE 2013-04-15 00:15:00 40 - — 53 - - 74 11 - - - - - - - 12 57 - 55 30 - 49 41 - -
GPSELE 2013-04-15 00:30:00 40 - — 60 - - 80 11 - - - - - - — 13 51 - 56 36 — 43 48 — -
GPSELE 2013-04-15 00:45:00 35 — - 67 - - 85 9 9 - - 3 - - — 14 44 - 56 43 - 37 54 — -
GPSELE 2013-04-15 01:00:00 34 - - 73 - - 81 7 9 - - 9 - - - 13 38 - 54 49 - 31 60 -— -
GPSELE 2013-04-15 01:15:00 35 — - 77 - - 74 4 8 - - 14 - - - 11 31 - 50 56 - 25 64 — -
GPSELE 2013-04-15 01:30:00 34 4 — 76 - - 67 0 7 - - 20 - - 10 - 24 — 46 63 - 20 67 — -
GPSELE 2013-04-15 01:45:00 36 9 — 72 - - 60 - 5 - — 26 - - 15 - 18 — 41 69 - 14 67 — -
GPSELE 2013-04-15 02:00:00 32 15 - 65 - - 53 - 2 - - 32 - - 21 - 11 - 35 75 - 9 64 - -
GPSELE 2013-04-15 02:15:00 32 20 - 58 - - 46 - - - - 38 - - 26 - 5 - 29 78 - 3 60 - -
GPSELE 2013-04-15 02:30:00 38 26 - 51 - - 39 - - - - 45 - - 32 - - - 23 77 - - 54 — -
GPSELE 2013-04-15 02:45:00 34 32 - 44 — - 32 — — — - 51 — - 36 — — - 18 71 1 - 48 — —

that any unexpected jump iy must be caused by a cycle
slip. The detection is based on the following criterion
La(tp) — La(ts) > k- 0L+ Almax (2)

The maximal ionospheric deldy,ay is implicitly defined as

The advantage of using the combination is due to the
elimination of ionosphere, troposphere, geometry (steell
and receiver positions) and satellite and receiver cloths.
wavelength of this combination is approximately 86 cm. On
the other hand, the inclusion of pseudorange observations
increase the noise of the linear combination. Compadring

0.4 m/hour in Anubis and the factkiis set to 4. The advan- for epochg; andt, provides the information whether a slip
tage of such approachiis that it is based on carrier phase dajgcurs or not. It should be noted that slipslanor L, can-
only. On the other hand, it should be noted that in case of 8ot be checked directly, but their difference only. Due to a

positive test, we do not know whether anylaf L, or both
are corrupted.

If dual-frequency carrier phaseand pseudorandgeare
available, the Melbourne-Wubbena linear combinatiag) (
can be formed mixing wide-lane phadax) and narrow-
lane pseudorang®() measurements

LGZLW*PN = ﬁ(flLlfszﬁ (3)
- m(flpl‘i‘fzpz)
= ANy = T——(N1—Np)
1— 12

constant property of the right term in Eg. 3 we can check a
presence of a cycle slip through the temporal differencing o
Le observations. The detection is based on the criteria
Le(t2) — Le(t1) > k- Oie (4)
where the coefficierk is set to 4 anaby is the sigma of the

Le observation. The coefficiektis introduced with assump-
tion of normally distributed measurement linear combina-
tions. Almost 99.9 cycle slips should be detected widet

up to 4. Sigmas fok4 andLg are calculated according to the
law of variance propagation from used observation sigmas.
Since a cycle slip on any specific frequency cannot be de-
tected, but only oh; — L linear combination, any cycle slip
common toL; andL, becomes undetectable. An improve-

whereAy andNy are called wide-lane wavelength and am-ment of the technique resides in the differencingfrom

biguity, respectively.

a single epoch and a mean value over all previous epochs
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Table 2 Pre-processing sample output for station KUNZ (December AXPV - code multipath [EURV3]
GPSMSX |~ 60
26, 2010) GPSM2X | -
GPSM 2\ | - 50
GPSM1.C | -
GLOM2P | I - 40
GLomzc -~ I I -
#====== Preprocessing (v.3) ey g —— — .
“00- [m—— =] [ e ——
#PREPRO 20101226 00:00:00 TotSlp[GPS] TotSIp[GLO] Totimp sLoc —_— =
=SUMPRP 2016-12—-26 00:00:00 1 0 121 GALM7X [T I I M BN R B B
GAmsX [T NN N TN N T T W W N TR =
GPSSLP 201612-26 05:15:30 G10 -106 24694 s —————————— B L
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
#CLKIMP 2010-12—26 00:00:00 [ms] 2013
CLKIMP 2010-12-26 00:07:30 1
CLKIJMP 2010-12—-26 00:19:30 2 BSCN - code multipath [EURv3]
CLKIMP 2010-12-26 00:31:00 3 GPSMS5X | 60
CLKIMP 2010-12—26 00:42:30 4 GPSMSQ ¢ -
CLKIMP 2010-12-26 00:54:30 5 S . 50
CLKIMP 2010-12-26 01:06:00 6 GPSM2S - 40
L GPSM1C -
GLOM2P [
GLOM1C — 30
GALM8Q £
GALM7X 2l X
GALM7Q =
GALMSX 2 10
GALM5Q -1 8
i the last i le slip. Thi his pld o °
Since the last occurring cycie slip. IS approachn Is pianne Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2013

for the next release.
The second purpose of the pre-processing consists of d&ig. 2 Pseudorange multipath estimated for all GNSS signals wbser
tecting and correcting for receiver clock jumps. Due to a lowAt the EUREF station AXPV (top) and BSCN (bottom) during Zaw
. . . . November, 2013
quality of some receiver oscillators, clocks are shifted by

one or a few milliseconds when the clock bias becomes too

large. Observations at a particular epoch as well as observgg, pe useful for a proper observation weighting. Such in-
tions in all subsequent epochs are affected in the same Wayrmation can also provide specific characteristics of ée r

and must be corrected for. Otherwise ambiguity re-in&tion -eiver or about the station environment.

aqd anew convergence interyal Wf)u'd appear regularly. The When dual-frequency data are available, pseudorange mul-
principle of our algorithm resides in the pseudorange Com'Eipath is estimated from the linear combination elimingtin

pensgtions of thg clockjgmps, while carrier phases foreacq sateliite-receiver geometry and all atmospheric &ffec
satellite could still contain Fhe. same cycle s-I|.p [7]. Fertu However, this combination does not eliminate ambiguities
nately_, we know that the slip is exactly a _mllllsgcond O 33nd any differential biases. While the latter is almost con-
few milliseconds, therefore, we can repair it PreciseUAN  giant over time, this assumption is not always true for ambi-
bis can be thus used for recovering the coherency betweedhities due to a presence of cycle slips. The pre-processing

range and phase data. One section of Anubis extraction pr?énd optionally a cycle slip repair) is thus important foe th

vides results from the cycle slip and receiver clock jump de'multipath estimation. A simple cycle slip detection is al-

tection, in which all values estimated and relevant ePOCh?eady included in our algorithm independently of the Anu-

are repohrted. Vﬁ!ure]shof cycle slips and clock jumps as Welﬂ)is’s standard pre-processing algorithm (see above sgctio
as epochs at which these occur are reported. that does not still support all these signals.

Table 2 shows an example of extracted results from the .
: . We have developed a new general formula for Anubis
pre-processing. It starts with a summary of the number of

detected cycle slips and clock jumpEogS| pandTotdmp support|.ng linear comblnatloMP) for pseudolrange multi-
: . path estimates for all frequencies, available signals a8 &
followed by estimated values of slip cycles for each fre-

- : . . onstellations providing dual-frequency observatiorisat
guency and milliseconds of a clock jump in a particular epoc% P g q y

As long as the cycle slip can not be calculated reliably, th o 1. N _ _
'n/a’ flag is reported. MR =R L~ B(Li—Ly) = R+ ali+ L, ®)

with

5 Code multipath algorithm (f2+12) 12 (f2+ f2) f7

=-woime P ©)
The multipath affects both basic GNSS observations pseu- ok o
doranges and carrier phases, however, the former is mugfherek, i andj are frequency (band) indexes. In the case of
larger and variable among receiver types. The multipath ek = = 1 andj = 2, the well-known equation for the code
ror has a substantial contribution to the accuracy of olegerv multipath at the first frequency can be obtained [4]
pseudoranges, which are mainly used in a single point posi-
tioning technique (navigation, precise point positiorang).

212
The knowledge of the multipath effect and pseudorange noié@epl -

nhowmp

(L1 —Lo). (7)
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Similarly for k =i = 2 andj = 1 the code multipath for the Table 3 Multipath detection summary in the first verbose mode (ex-
second frequency is ample station GOP7)

2f2
MP;, = PZ—LZ—W(LZ—LQ- (8)  4eceees Code multipath (v.1)

2 1 #GNSMxx 2013-04-15 00:00:00 mean x01 x02 x03 x04 x05 x06 ...

. . . =GPSMIC 201304-15 00:00:00 48.06 42 47 58 43 45 41 ...
Finally, fork=>5,i =1 andj = 2 or any other frequency the _gpswiw 201304 15 00:00:00 58.44 49 59 85 66 52 43 ...

i =GPSM2W 2013-04-15 00:00:00 61.08 57 58 100 66 56 51 ...
code multipath can be expressed as follows opoMEX 201304 15 00.00.00  21s as o
2 £2) f2
(ff +f2) 5

=GPSM5X 2013-04—-15 00:00:00 27.55 15 — —
=GALM1X 2013-04-15 00:00:00 45.33 — — —

MPSZ PS_Ll_ﬁ_z(Ll_LZ)- (9) =GALM5X 2013-04-15 00:00:00 18.58 — — —
(fl - fz) f5 =GLOM1C 2013-04-15 00:00:00 76.39 65 62 77 88 68 63 ...
. oo . =GLOMIP 2013-04-15 00:00:00 38.45 48 28 33 39 37 32 ...
The multipath statistics are then estimated as a standard d@Lomec 2013-04-15 00:00:00 106.41 125 149 77 92 90 89 ...
. . =GLOM2P 2013-04-15 00:00:00 33.86 40 41 25 32 32 35 ...
viation over a sequence of consecutive epochs (usually 15-
30; mpxint setting option) where the calculated mean rep

resents all remaining biases. We do not require any specific

pre-processing for all involved GNSS constellationsbeeau  Taple 3 demonstrates multipath estimates for the unde-
a simple cycle slip detection algorithm was implemented agsjled verbose mode. Each line represents a single GNSS
a part of the statistics estimation based on multipath “”easignal together with code multipath values for all avaitabl

combinations only. . _ satellites as well as the mean over all of them.
In the case of dual-frequency data, the multipath statis-

tics are calculated applying the same formulas as used in
other software, e.g. teqc and BNC. However, the results may oytiook and conclusion
differ due to tuning the estimation procedure which consern
of the cycle slip detection, observation window or othersyve have described initial functionality of the open-source
The main advantage of the approach applied in Anubis rerpol Anubis for a qualitative and quantitative monitorinig o
lies in a flexible extension to all signals while keeping twonew GNSS signals. The Anubis has been developed at GOP
carrier phase observations common to all multipath obsenin particular for the monitoring of experimental GNSS data
ables. Applying Eq. 5, we need to check two carrier phasegollected within the IGS MGEX and EUREF RINEX3 cam-
for cycle slips only, which is used to speed up the algorithmpaigns. A new development was demonstrated for the code
Figure 2 shows the example of pseudorange multipathultipath estimation based on a fully multi-signal, multi-

estimation calculated for two EUREF stations — AXPV (top)frequency and multi-constellation approach. The software
and BSCN (bottom). All GNSS signals for all available fre- was released in August 2013 and updated in November, 2013.
quency bands are plotted for the period of January-Novembgpme functionalities foreseen for near future implementa-
2013. First, we can notice a stable multipath estimation duttjons are presented below.
ing the whole interval, however, interesting is a progessi  While data are retrieved from RINEX files, we started
improvement for the BeiDou C7I sigifalSecond, the low- o implement RTCM decoder that will support input data
est multipath effect can be observed for Galileo C8I sig+from real-time streams too. On the other hand, after imple-
nal (which was expected due to the AItBOC modulation)menting RINEX encoder, users will be able to edit, cut or
while the most worse performance shows the GLONASSplice GNSS data as well as modify header records. Com-
C1C signal (visible at AXPV, but also typical for other sta- pining two above features, users will be able to read data
tions). Two receivers, TRIMBLE NETR9 (AXPV) and LE- from real-time streams and store them in RINEX files. As
ICA GR25 (BSNC), show different quality of pseudorangeshown in examples in this paper, most of the functions al-
observations in general. We can also notice the switch bﬁ‘eady supports multi-GNSS operation. The exceptions re-
tween X and Q tracking mod@sit BSCN station for most mains in three functionalities: navigation message pces
of the GPS and Galileo Signals. This is Commonly Observeq:hg’ Singie point positioning and azimuth/elevation céeu
at many other stations in the EUREF and IGS MGEX ex+jon. Not all the satellite systems are fully operatiortadre-
perimental campaigns. Finally, occasional interruptiofis  fore Anubis is restricted to GPS-only and GLONASS-only
traCking GLONASS and Galileo satellites can be |dent|f|e(%|ng|e point positioning at the moment. The station posi_
too. tion quantities relating to other constellation have to &l c

1 For systems providing wide-band tracking (e.g. for Galigga,  culated with support of GPS or GLONASS. Future devel-
ESb and E5a+E5b), the band/frequency number (n) in RINEX3#&  opment will thus aim to support also navigation messages
is assigned by its definition and not necessarily agreesthétiofficial from BeiDou, SBAS and QZSS along with currently sup-

frequency, e.g. for Galileo, n=7 for E5b, n=8 for E5a+E5htBQC). .
2 While I, Q (and others) represents two individual trackingdes, ported GPS, GLONASS and Galileo. A real challenge then

the X designates a dual-channel tracking mode and Z desigrat Concerns developing new pre-processing algorithms in or-
triple-channel tracking mode. der to provide a general cycle slip detection, i.e. not only
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for additional GNSS constellations, but also for all avalite
signals and bands. A significant rise of the computing time
(from seconds to tens of seconds) was observed when pro-
cessing large RINEX3 multi-GNSS data files. In this con-
text, we will work on improving the efficiency of the source
code to reduce the execution time for all new constellations
frequencies and signals. The station parallel processithg w
also help to support efficient control of many stations at a
single place. Last, but not least, Anubis will be ready to-sup
port also users of Windows, OS X or other platforms in fu-
ture.
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