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Motivation for GNISSI glata qualityccanirol

Motto: Scientific data collection is an irreversible process that nee
to be controlled and observed dgtaoperlyqualified and quantified

Goals of quality control
Data providerg early data qualification (optimally on site)
Data users support for data selection, data and metadata quality

Network coordinatorg for optimalcontrol of data dissemination
Including metadata, modernization monitoring etc.

Data quality control
guantitative¢ aspossible as algorithAndependent
qualitative¢ necessarilly algorithrldependent
complexg optimally via data processing

A full QC requires complete and reliable ephemeris !!!



Scientificssoftwaref formGNSSCQC

TEQC (UNAVCO, 19¢3janslation, editing and quality control
A Ydad standardd F 2 NJ K Iy ¢bf nawfrdt filesLfds ORSKand GLONASS)

A Limitations: proprietary code, no intention to support of RINEX3 format, FaNES
supported only via neatandard RINEX 2.12 format, ddetquency data handling etc.

BNC (BKG, 2012 BKGNtrip Client
A opensourceNtrip + PPP client with GUI which has included QC since 2012

G-Nut/Anubis (GOP, 2013) opensource software for mubGNSS QC

A developing modern (neredundant) multisignal/frequency methods of processing
A consistent handling of all global/regional systems rfnéguency#£signaliile data
A standardization effort XML QC format designed for European Plate Observing Syster

BQOBACC, 2014) multi-GNSS data quality checking toolkit

A not opensource available, strictly following legaggcfunctionality and approaches



G-Nut/Anubis - Multi-GNSX)Csoftware

G-Nut ¢ core libraryfor GNSS precise poipbsitioning (used for developing applications)

G-Nut/Anubis end-user application fomulti-GNSS data qualigontrol (openrsource)

http://software.pecny.cz/anubis (alternativelynttp://www.pecny.czA G-Nut library)

written in C++, objecbriented conceptcompatible with Linux, Windows and Mac

Main software functionality:
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http://software.pecny.cz/anubis
http://www.pecny.cz/

G-Nut/Anubis - releases

2017-10-20- Released Anubis 2.1 (betg)ready for the European Plate Observing Syste
mandatory QC parameters in new Q@IL format, DOP estimates, sigsalection, NAV healt
status, thin execution with format check, full commalmk settings, precompiled libraries etc.

201610-05- Released Anubig.0 - teqc-like total summarygexpected/have observations at horizon
and user elevation maskgw algorithms for estimating expected observations and satellite above
the horizon, welmini-documentation merging and saving navigation messages, initial support for
RINEX3.03 and IRN&Sting release for Win/Mac, etc.

201601-27 - Released Anubis 1.4SNR support, SP3 format, Windows support, kinematic and hig
rate processing

201501-28- Released Anubis 1.3complete multtGNSS capability: albnstellationsfbandstsignal
pre-processing & selection, advanced statistiogrgednavigationmessages

2014-08-13- Released Anubis 1.2navigation messages for all GNSS constellations, GPS, GLON:
Galileo,BeiDoustandard positioning

2014-04-29- Released Anubis 1.-qualitative QC for GPS&GLEANcroft positioning, boost
independent version, RINEX3.02 support

201308-16- Released Anubis 1.0multi-path detection for alconstellations/signals/bands
201303-10- Released Anubis 0.9beta version



G-Nut/Anubis distribution

Under GPL v3 licensehttp:// www.gnu.org/licenses/gpt3.0.html

the freedom to use the software for any purpose,

the freedom to change the software to suit your needs,
the freedom to share the software with your friends and neighbors, and
the freedom to share the changes you make

A derived applications can be distributed under the GPL v3 license only

download from GOR http://software.pecny.cz/anubis

source code

TAR + GZIP package

iIncludes scripts and README for compilation uatrigconftools
pre-compiled binaries

Linux, Windows, Mac @%

statically compiled for 3bit and 64bit architectures (not both for GX)

documentation
will be completed in 2017 and made available through the new WEB



http://www.gnu.org/licenses/gpl-3.0.html
http://software.pecny.cz/anubis

Naming conventions: tisedonubis

Naming conventions arompliant withRINEX3 specification

System:GNSS$3-char/1-char satellite system identification)
GPS NAVSTABRS/G), GLONASS (GLO/R), Galileo (GBIE)L(BDS/G,
QZS$QZS/J), SBAS (SBS/S), IRNSS (IRN/I)

Satellite: GNSS satellites
0 OKI NAEY DAMPODPY wnHDPPDY 9noXX / nnX

Band:observation frequency/band number
1char (number): 12, 3, X @

Signal.observation attributecharacterizingts tracking mode
lchar:A, B, CX

Observation type pseudo rangegarrier phaseDoppler, signal strength
lchar: CorP,L,D, S

Observation codecombination of observation type + band + attribute
3char: e.g. P1C, or legacy C1, P1

Epoch:obstimestamp(uniquefor satellitesobserved synchronously)



Software imnputs/outpuis

Inputs files:
Observation RINEX 2x/3»ne or more files)
NavigationRINEX2x/3x (one or more files, more sites, more constellations)
Precise ephemeris in SH8ne or more filesgan be combined with navigation!
Anubis 2.1¢ gzip(.g2 is automatically recognized/handledd compress, zip!

Outputs files:
XTRc detailed QC extractions

Include QC resultsepochwise, satellitespecificand signakpecific
ASClformat - easy togrep for individual file as well as over file for cumulative plotting
Organized in sections and supports different levels of verbosity
XML-QC¢ summary extractions (new standard QC format for EPOS)
Principal QC metada&xchange, e.g. supporting remote RINiiEXcomparison




Anubis MLcconfiguration data filtering

$$ Anubis-x MY.cfg

<?xml version="1.0" encoding="UTF8" standalone="yes"?>

<IDOCTYPéonfig>
<config>

<gen> <beg>20170529 00:00:00
<end>20170529 23:59:30
<int> 30

<sys> GPS GLO GAL BDS SBS QZS IRN </qys>
<rec> BRUX GOPE MATE POTS WTZR <Ir

</gen>

<gps>
<sat> G01 G02 G04 </sat>
<type> C L D S Ptype
<band> 1 2 5 </band>
<attr>ABCDILMNP QS WZattr>
</gps>

<gal>
<sat> R01 R02 R04 </sat>
<nav> FNAV INAV_EO1 INAV_EGas/
<type> C L D S P </type>
<band> 1 5 6 7 8&/band>
<attr>ABCDILMNP Q S WXattr>
</gal>

<-X h¢l 9w {9X¢LbD({

</config>

<I--begin time RECOMMENDED (Default: first observatisn)
<l--end time: RECOMMENDED (Default: last observatien)
<I--sampling: RECOMMENDED (Default: estimated from-file)
<Ic list ofgnss(Default:from¥ A f ScD dz® S N8 Y-23S D
<I¢ list of station names (Default: site names from file)

<l--GPS|GLO|GAL|BDS|SBS|QZS
<I--list of gpssatellites->

<!--list ofgpsobstypes-->

<!I--list ofgpsobsbands->

<!I--list ofgpsobsattributes-->

<!I--list of gal satellites->
<!I--list of gal satellites->
<I--list of galobstypes-->
<l--list of galobsbands->
<l--list of galobsattributes-->



Anubis XMlceonfiguratior 10 & QC
$$ Anubis-x MY.cfg

<inputs chk_naw"(i NXzS & B

<rinexn> DATA/brdm1500.17p.gz </rinexn> <!-- GNSS navigations files
<rinexn> DATA/brdm1500.17p.gz </rinexn> <!-- GNSS navigations files
<sp3> DATA/igs119512.sp3.9z </sp3> <!l-- GNSS orbit products>

<rinexc> DATA/brux1500.170 DATA/gopel500.170
DATA/mate1500.170
DATA/mate1500.170 DATA/pots1500.1&drinexc> <!-- GNSS®bservation files->
</inputs>

<outputsverbl' & M b B <xtr>LOG/EUREF/2017/188(rec)171500.xtr  <ftr> <I--native Anubis's report, may usrec)variable-->
<xml>LOG/EUREF/2017/188(rec)171500.xmk/xml> <!-- standard QE&XMLfile, may useb(rec)variable-->
<log>LOG/EUREF/2017/150/anub171500.log logls <!-- Anubis loglinuxcan support/dev/stdout -->
</outputs>

<qc sec_sum"2" <I¢[0-9]..summary statistics->  sec_hdr"2" <!--[0-9] .. header metadata check>
sec_obs"2" <I--[0-9] .. observation statistics> sec_gap"2" <!--[0-9] .. chta gaps and smabieces-->
sec_pre"2" <!I--[0-9] .. cycleslip, clockumps-->sec_esk h H €!--[0-9] .. estimated value@f navigation available)>
sec_bnd"2" <I--[0-9] .. observation bands> sec_ele"2" <!I--[0-9] .. azimuth/elevatiorif navigation available}>
sec_mpx"2" <!--[0-9] .. multipath calculation-> sec_sn&"2" <!I--[0-9] .. signato-noise ratio-->

int_stp="900" <!--int[s] .. reporting intervai->
int_gap="600" <!--int[s] .. interval for gaps> int_pcd b my A-nAir[s] .. interval for small pieces>
mpx_ned b HIct[#] .. epochs for MP-> mpx_lim="3.0" <I¢ dbl.. sigmafactor MP cycleslip/outlier detection-->
col_sat"32" <I--int[#] .. satellites reported-> ele_cut"15" <!--int[ded .. userelevcut-off (only forexpthave)-->
pos kif ¥l f aSa <l--bool .. kinematic receiver (true = kinematie}

/>

</config>



Anubis commandine configurations

to run Anubis without preparing XML configuration in advance

Flexible commanedine arguments:

C full configuration can be handled as a sequenceahmandline arguments
-.elementsubelement a { 9. 9 a9 b ¢ {egg. outputs:ilog MY.LOG
-.element:sukelementattrioute=ATRIBUTE e.g. outputs:verb=2

C principally, Anubis can be started witbmmandline argumentsonly, e.g.

$$ Anubis :inputs:rinexo GOPE1730.17dnputs:rinexnBRDC1730.17p
outputs:xml GOPE1730.xmbutputs:xtr GOPE1730.xtr
.outputs:log GOPE1730.logoutputs:verb=1
.gen:int30 :gen:isysa Dt { DJ[ h¢€
:gen:begd H G622 00:00:0@8 geM:enddcr017-06-2300:00:0@¢

C commandline argumentsan complete/overwriteinitial XML configuration:
$$Anubis -x MY.CFGoutputs:logMY.LOG:gen:sysdt Dt { Dutputs:verb=2



Stantartdcoperatitonimaodes

Thin operation:
EXIT + RETURN CODE after reporting header Asne<)C, no NAV needed
$3$ Anubis inputs:rinexn MY.RXOaoutputs:logMY.LOG autputs:verb=2

Light OC.:
+ guantitative controk no navigation messages used
$3$ Anubis -x MY_LIGHT.CFGutputs:logMY.LOG:outputs:verb=1

Full QC

+ qualitative and complex contrqlrequires navigation or precise ephemeris
$$ Anubis-x MY_FULL.CF®utputs:logMY.LOG:outputs:verb=1

Navigation Data

It is possible to merge-xavigation files to a single one and save RINEX 2 or 3
$$ Anubis:inputsirinexnd CL[ 9 M CL pufPuts:ri@exfRINEXN.OUT Y



Selectedadvaneed functionality

Satellite healthy status

A Satellite fitering for problematic (concerns of potentially problematic navigation messages only
$$ Anubiscx MY.cfg :qc:ele_cut10 <qcele cui mn€é¢ K BH
User elevation settings

A W! alBvdtlorScutz T T Q dza S R-dépenbantStatiStigslonlyh! ghet for data filtering etc.)
$$ Anubiscx MY.cfg :qc:health=true FLHO KSFfOGKI&dN
Kinematic positioning

A Kinematicsonsidered in prgrocessing, positioning and elevation/azimuth calculations
$$ Anubiscx MY.cfg :qc:pos_kirrtrue <gcpos_kil @ NH=S ¢
Highrate data processing

A QC statistics normalized to 1s sampling (noted in the report)!
$3$ Anubiscx MY.cfg :gen:int 0.01 <int> 0.01 <iht>

Frequency handling GLONASS ReiDou

A no multipath/positioning for GLONASS without SL@ #avigation data/RINEX 3.03 requested!
A B2 handled, B1 from RINEX3.02 correcteB20




Run@QCutilityy and BRIXG archive

$$ gitcloneqgit@aqitlab.com:gopERuUnQC. gifstill available on request only)
generate QC metadata f&tPOS GNSS Thematic Core Service

automated run of Anubis and supported:

C download navigation message, decompression of input files etc.
C TCS communicate with the EPOS ®I, but can be used individually
RunQC.pl [options]

--ref _date string .. reference time for dat@'YYYYM-DD HH:MM:SS")
-fil_mask string .. local mask to files in repositoffocal path)

--dir_brdc string .. local path tobrdclocalarchive(localdir path)
--db_api string .. EPOS DBPI interfacgoptional if not usedil_masK
--inp_json string .. iInput JSON filéoptional if not usedil_maskor db_apj)
--out_json string .. store JSON fil@ptional)

--upd_brdcinteger ..updatebrdcfiles in local archivédefault=1)

--verb integer .. level ofverbosity

--debug .. debugmode

--help .. this help message


mailto:git@gitlab.com:gope/RunQC.git

Toolsfforwisualizatien Oh AnbibISTXTR

plot_Anubis.pl- http://software.pecny.cz/anubis
opensource suite of Perl scripts developadGOP

exploiting CharGnuplotlibrary (need to instalibchartgnuplotperl)

anubisplot.py- http:// www.westernexplorers.us/GNSSplotters
opensource Python script similar teqcplot.py
developed by the same auth@tuartWier

web-based browser tool

interactive tool at EUREF BEV data center
developed byPhillippMitterschifthaler(BEV)

For inspiration links to openly available monitoring systems:
ROB- EPN Chattp://www.epncb.oma.be/ networkdata/data_quality/index.php

Swisstopa; AGNEShttp:// pnac.swisstopo.admin.ch/pages/en/agnsstus.html
GOR; CzechGettp://www.pecny.cz/CzechGeo



http://www.pecny.cz/gop/index.php/gnss/sw/anubis
http://www.westernexplorers.us/GNSSplotters/
http://www.epncb.oma.be/_networkdata/data_quality/index.php
http://pnac.swisstopo.admin.ch/pages/en/agnes-status.html
http://www.pecny.cz/CzechGeo

Anubis examplec BRWUX (processing4oQ9)

$$ Anubiscx BRUX EXAMPLE.ctgutputs:log /dev/ stdout :outputs:verb=2

201710-23 16:40:38 [main:0] READ: file://TEST/BRDCO0IGS_R_20172900000_01D_MN.rnx.gz 1.729 sec
20171023 16:40:38 [main:1] READ: file://TEST/BRUX2900.170 started

20171023 16:40:38 [rinex0:0] FILE: short site name: BRWDHM

20171023 16:40:38 [gallobj:1] add neabj BRUX

201710-23 16:40:38 [rinex:1] Object created, using RINEX header: BRUA@QT700:00:00

201710-23 16:40:38 [gobj:0] Warning: object BRUX completed (Name): BRUX

201710-23 16:40:38 [gobj:0] Warning: object BRUX completed (Domes): 13101M010

201710-23 16:40:38 [gobj:0] Warning: object BRUX completed (Antenna): JAVRINGANT_DM NONE
20171023 16:40:38 [gobj:0] Warning: object BRUX completed (Coordinates): 4027881.848 306998.261 4919498.655
201710-23 16:40:38 [gobj:0] Warning: object BRUX completed (NEU Eccentricity): 0.001 0.000 0.469
20171023 16:40:38 [gobj:0] Warning: object BRUX completed (XYZ Eccentricity): 0.295 0.022 0.364
201710-23 16:40:38 [grec:0] Warning: object BRUX completed (Receiver): SEPT POLARX4TR
20171023 16:40:41 [main:0] READ: file://TEST/BRUX2900.170 3.016 sec

201710-23 16:40:41 [main:0] Error: RUN BY not available!

20171023 16:40:41 [main:0] Warning: LEAPSEC not available!

201710-23 16:40:41 [main:0] Error: GLO BIASES not available!

20171023 16:40:41 [main:1] Singtread summary: BRUX started

201710-23 16:40:41 [gxtrqc:0] SITE: BRUX TEST/LOG/BRUX172900.xtr

201710-23 16:40:41 [gxtrgc:1] Sync XTR step 200717 00:00:06> 201710-17 00:00:00

201710-23 16:40:41 [gxtrgc:0] Warning: no receiver settings.

201710-23 16:40:41 [gxtrgc:0] BRUX header [9]: 0.000

201710-23 16:40:43 [gxtrqc:0] BRWAtview9]: 2.000

201710-23 16:40:44 [gxtrgc:0] BRWKsview9]: 1.000

2017-10-23 16:40:44 [gxtrqc:0] BRUEstima[9]: 0.000

201710-23 16:40:44 [gxtrgc:0] BRWKserv[9]: 0.000

201710-23 16:40:45 [gxtrqc:0] BRUwandg9]: 1.000

20171023 16:40:45 [gxtrgc:0] BRUX pieces [9]: 0.000

201710-23 16:40:51 [gxtrgc:0] BRUXepro[9]: 6.000

201710-23 16:40:53 [gxtrgc:0] BRWKyplt[9]: 2.000

201710-23 16:40:56 [gxtrgc:0] BRUWMpath[9]: 3.000

20171023 16:40:57 [gxtrgc:0] BRWXois€9]: 1.000

201710-23 16:40:57 [gxtrgc:0] BRW¥mmar[9]: 0.000

20171023 16:40:57 [main:0] Singteread summary: BRUX 16.602 sec

20171023 16:40:57 [main:0] total time: 21.467 sec



XTMRooutput Total summany (1)

First lineq total statistics motivated and modified from TEQC short summary
C counts are applied for selected phase observationsrall GNSS constellations
C phase observation type selected per GM&E a maximum # of observations

# G - Nut/Anubis [2.1.0] compiled: Oct 23 2017 16:08:19 ($Rev: 2020 $)

#====== Summary statistics (v.9)
#TOTSUMFirst_Epoch Last_Epoch Hours_ Sample MinEle # Expt # Have %Ratio o/ slps woElev Exp>10 Hav>10 % Rt>10
=TOTSUM 2017- 10- 17 00:00:00 2017  -10-17 23:59:30 24.00 30.00 0.01 99022 90319 91.21 346 3098 75518 74675 98.88

Hours- data length inhours totalnumber of epoch&sampling rate)
Sample- data sampling intervgkhe most frequent samplinffom histogram)
MinEle- data minimum elevation angle observed

# Expt- number of expected observations above the horizon

# Have- number of existing observations above the horizon

%Ratio- ratio of existing and expected observations abovetbezon

o/ slps- number of observations per cycle slip

woElev- numberof epochs without elevation (i.e. ngatellite positionavailable)
Expt10- number of expected observations abothe user mask10deg)
Have>10 number of existing observations abotlee user mask (18eg)
%Rat>10- ratio of existing and expected observations aboveulker mask




XTMRooutput Toetal summany (2)

GNSSpecific summary:
C expected counts of observations requitefined data period and sampling intervals

#GNSSUM 2017 10-
#GNSSUM2017 - 10-
=GPSSUM 2017 10-
=GALSUM 2017- 10-
=GLOSUM 2017 10-
=BDSSUM 2017 10-

17 00:00:00 Epoch_Statistics

17 00:00:00 ExpEp HavEp UseE
17 00:00:00 2§80 2880 2880 O
17 00:00:00 2§80 2880 2880 O
17 00:00:00 2§80 2880 2880 O
17 00:00:00 2§80 2880 1796 1061

Excl_Epochs&Satellit

XCoEp XxPhEp xCoSv xPhsv] csAll

254 265 378 O
249 249 393 O
1866 1890 868

84 2074 2148 109

ES]

138
121
0 110
0

2

CycleSlips [/ Interruptions_And_Other_Discontinuffies

CcsEpo csSat

6 34 0 0 O
1 211 0 O O
60 598 0 O O

80

0O 0 0 O

csSig

nSlp

nJmpl nGap nPcs

ode_Mpth
mpl mp2
1.021.0
5.0
8.331.2

- 414

ExXpEp number of expectediata epochs
HavEp- number ofactual data epochs

UseEp number of usable epochix4 satellitesin epochwith dual-frequencydata/GNS$
XCoEp number of epochsvith pseudoeranges at singlefrequencyonly
XPhEp number of epochsvith carrierphases afa single frequencynly

xCoSwv number of satellites observing pseudanges at single frequencynly
XxPhSwv number of satellites observing carriphases at single frequencynly

csTot- number of total phase cyclslipsor otherinterruptions(A new ambiguity)
csEpo number of interruptions due to missirgpochs(counted over observedatellite)
csSat number of interruptions due to missirgatellites (whenever satellite expected)
csSig number of interruptions due to missirgignal (whenever otherare available)

nSlp- number of identified phase cyclips when continuous trackirayailable

nJmp- number of identified receiver clogkmps (discontinuity of phase & code observations)
nGap- number of data total gaps (according to the setting gap="600"in seconds)
nPcs- number of small data pieces (according to the settirigpcs="1800"in seconds)

mpX- mean codemultipath moving average RMS [cm] for the 1st..Bd#md




XTMRooutput Total summan3)

sec_sum"1l" - provides individuabbservation types of all available GN®8stellations.
nSat- number of observed satellites
ExpObs number of expected observations above the horizon
HavObs number of existing observations above the horizon
%Ratio- ratio of existing and expected observations above the horizon
Exp>10- number of expected observations above the user maskdéd)
Haw>10- number of existing observations above the user maskdgd)
%Rt>10- ratio of existing and expected observations above the user mask
sec_sum"2" - histogramsof observationsabove specific elevation angles:

>0, >5, >10, >15, >20, >30, >50, >70

#GNSxxx 2017 - 10- 17 00:00:00 nSat ExpObs HavObs %Ratio Exp>10 Hav>10 %Rt>10wo/ Ele Ele >0 Ele >5 Ele >10 Ele >15 Ele >20 Ele >30 Ele >50 Ele >70

=GPSC1C 2017- 10- 17 00:00:00 32 35787 32514 90.85 26033 26000 99.87 875 31639 28921 25223 22309 19613 14691 70 62 2599
=GPSC1W 2017 10- 17 00:00:00 32 35782 32406 90.57 26029 25996 99.87 870 31536 28907 25223 22309 19613 14691 70 62 2599
=GPSC2L 2017-10- 17 00:00:00 19 21582 19254 89.21 15065 15040 99.83 2 19252 17428 15039 13360 11773 9173 50 38 1812
=GPSC2W 2017 10- 17 00:00:00 32 35782 32406 90.57 26029 25996 99.87 870 31536 28907 25223 22309 19613 14691 70 62 2599
=GPSC5Q 2017- 10- 17 00:00:00 12 13815 12167 88.07 9336 9318 99.81 9 12158 10669 9310 8384 7527 5921 33 95 1398
=GPSL1C 2017 - 10- 17 00:00:00 32 35787 32505 90.83 26033 26000 99.87 875 31630 28920 25223 22309 19613 14691 70 62 2599
=GPSL2L 2017 - 10- 17 00:00:00 19 21582 19254 89.21 15065 15040 99.83 2 19252 17428 15039 13360 11773 9173 50 38 1812
=GPSL2W 2017- 10- 17 00:00:00 32 35781 32391 90.53 26028 25995 99.87 869 31522 28904 25223 22309 19613 14691 70 62 2599
=GPSL5Q 2017- 10- 17 00:00:00 12 13815 12167 88.07 9336 9318 99.81 9 12158 10669 9310 8384 7527 5921 33 95 1398
=GPSS1C 2017- 10- 17 00:00:00 32 35787 32514 90.85 26033 26000 99.87 875 31639 28921 25223 22309 19613 14691 70 62 2599
=GPSS1W 2017 10- 17 00:00:00 32 35782 32406 90.57 26029 25996 99.87 870 31536 28907 25223 22309 19613 14691 70 62 2599
=GPSS2L 2017 - 10- 17 00:00:00 19 21582 19254 89.21 15065 15040 99.83 2 19252 17428 15039 13360 11773 9173 50 38 1812
=GPSS2W 2017- 10- 17 00:00:00 32 35782 32406 90.57 26029 25996 99.87 870 31536 28907 25223 22309 19613 14691 70 62 2599
=GPSS5Q 2017- 10- 17 00:00:00 12 13815 12167 88.07 9336 9318 99.81 9 12158 10669 9310 8384 7527 5921 33 95 1398
=GALC1C 2017- 10- 17 00:00:00 18 21090 18385 87.17 15178 15024 98.99 198 18187 16830 14848 13006 11681 8987 48 88 1863
=GALC5Q 2017- 10- 17 00:00:00 17 20895 18303 87.60 15004 14850 98.97 3 18300 16830 14848 13006 11681 8987 48 88 1863
=GALC7Q 2017- 10- 17 00:00:00 17 20895 18305 87.60 15004 14850 98.97 3 18302 16830 14848 13006 11681 8987 48 88 1863
=GALC8Q 2017- 10- 17 00:00:00 17 20898 18146 86.83 15007 14775 98.45 6 18140 16654 14770 12977 11681 8987 48 88 1863
=GALL1C 2017 - 10- 17 00:00:00 18 21090 18385 87.17 15178 15024 98.99 198 18187 16830 14848 13006 11681 8987 48 88 1863
=GALL5Q 2017 - 10- 17 00:00:00 17 20895 18303 87.60 15004 14850 98.97 3 18300 16830 14848 13006 11681 8987 48 88 1863
=GALL7Q 2017 - 10- 17 00:00:00 17 20895 18305 87.60 15004 14850 98.97 3 18302 16830 14848 13006 11681 8987 48 88 1863

=GALL8Q 2017 - 10- 17 00:00:00 17 20898 18146 86.83 15007 14775 98.45 6 18140 16654 14770 12977 11681 8987 48 88 1863




XTfRooutput Total summany(4)

Necessary details about satellite availability
F2NJ OF £t Odzf  GAy3 WSELISOGSR ydzyo SNJ 2
for each individual satellite from all systems

SKYxxx¢ time of satellite being above the horizon

MSKxxxg time of satellite being above the user elevation-aiff (default 15deg)
Time [h] ¢ length of satellite visibility

ExptObs; number oftime epochs when satellite is visible

#SKYxxx Ascending_Horizon _ Descending_Horizon _ Time[h] ExptObs
=SKYCO05 2017 - 10- 17 00:00:00 2017 -10- 18 00:00:00 24.000 2880
=MSKCO05 2017- 10- 17 00:00:00 2017 - 10- 18 00:00:00 24.000 2880
=SKYEO1 2017 - 10- 17 00:00:00 2017 -10- 17 05:06:03 5.101 612
=SKYEO1 2017 - 10- 17 12:43:04 2017 -10-17 15:31:59 2.815 338
=MSKEO1 2017 - 10- 17 00:00:00 2017 -10- 17 04:35:46 4.596 552
=MSKEO1 2017-10- 17 13:49:11 2017 -10-17 14:26:49 0.627 75
=SKYEO02 2017 - 10- 17 06:22:37 2017 -10-1711:12:19 4.828 579
=SKYEO02 2017 - 10- 17 16:56:59 2017 -10- 18 00:00:00 7.050 846
=MSKEO02 2017 - 10- 17 06:55:55 2017 -10-1710:38:18 3.706 445
=MSKEO02 2017 -10- 17 17:25:33 2017 -10- 18 00:00:00 6.574 789
=SKYEOQ3 2017 - 10- 17 02:24:28 2017 -10-17 04:30:33 2.101 252
=SKYEO03 2017 - 10- 17 12:49:00 2017 -10- 17 21:43:20 8.906 1069
=MSKEO03 2017 - 10- 17 13:21:05 2017 -10-17 21:13:18 7.870 944




XMRoutput € Heatlerssummary

Actuallya list for comparison of (might undergo revision in future)
C RINEX HEADER
C USER EXPECTATION (or REQUEST via settings)

#====== Header information (v.9)

#RNXHDR 2017- 10- 17 00:00:00 _RINEX_HEADER _RINEX_HEADER _RINEX_HEADER

=RNXVER 2017- 10- 17 00:00:00 3.03 M 2017 - 10- 18 00:02:23

=RNXPGM 2017 10- 17 00:00:00 sbf2rin -11.3.2 -

=RNXAGE 2017- 10- 17 00:00:00 ROB ROB

#RNXHDR 2017- 10- 17 00:00:00 _RINEX_HEADER _USER_REQUEST

=BEGEND 2017- 10- 17 00:00:00 2017 - 10- 17 00:00:00 2017 -10- 17 23:59:30 2017 -10-17 00:00:00 2017 - 10- 18 00:00:00
=INTHDR 2017 - 10- 17 00:00:00 30.000 30.000

=MARKER 2017- 10- 17 00:00:00 BRUX 13101M010

=RECEIV 2017 - 10- 17 00:00:00 SEPT POLARX4TR  2.9.6 3001376

=ANTENN 2017- 10- 17 00:00:00 JAVRINGANT_DM NONEO00464

#RNXHDR 2017- 10- 17 00:00:00 _RINEX_HEADER _USER_REQUEST
=XYZAPR 2017-10- 17 00:00:00 4027881.8478 306998.2610 4919498.6554 0.0000 0.0000 0.0000
=XYZECC 2017- 10- 17 00:00:00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
=ENUECC 2017- 10- 17 00:00:00 0.0000 0.0010 0.4689 0.0000 0.0000 0.0000

Initially, it wasforeseenfor usage in crossheckingof RINEX header meta data with any
meta datavalidated centrally (e.g. within EPOS GNSS dissemination system)

Actually, the EPOS system is developing towards -aigtation done within EPOS DB Al
Currently, the Anubis XTR + XML
C reports HEADER metadata in XML for validation in EP@$ DB

C enables easgreppingover sequence of Anubis XTR
C Actually, does nodo any active comparison !



XMRoutput € Estimatedwalues

Standard point positioning (SPHerformed independently for each global constellation
C requires navigation dat& SP3 can support SPP, but no GLONWE®(t sat slots)
Position estimatedising a common sampling rate of 15 minutes.

GDOP values are calculated in addition

sec_est"1" - mean coordinates (XYZ/BLH) and repeatability (XYZ/NEU)
sec_esk @ Hresults from epocko-epoch positioning + GDOP/PDOP/HDOP/VDOP values

#====== Estimated values (v.9)

=PERIOD 2017 - 10- 17 00:00:00 2017 - 10- 17 00:00:00 2017 -10- 17 23:59:30

=SAMPLE 2017- 10- 17 00:00:00 30.000

=XYZGPS 2017- 10- 17 00:00:00 4027882.4905 306998.5610 4919500.2234 10 06 14 95 1
=XYZGAL 2017 - 10- 17 00:00:00 4027881.9460 306998.6773 4919499.7808 0.7 0.6 0.9 86 10
=XYZGLO 2017- 10- 17 00:00:00 4027883.0126 306998.6388 4919500.5285 50 2.7 74 92 0
=XYZBDS 2017- 10- 17 00:00:00 4027883.4427 307010.4951 4919502.7730 8.3 17.3 3.1 24 QO

=BLHGPS 2017- 10- 17 00:00:00 50.798063862 4.358562887  159.7652 0.8 1.0 15 95 1 BRUX station - Standard positioning
=BLHGAL 2017- 10- 17 00:00:00 50.798065850 4.358563983  159.1284 0.8 11 09 87 9 — T T -
=BLHGLO 2017- 10- 17 00:00:00 50.798061928 4.358563425  160.3344 4.1 42 80 92 0 144 8o 1
=BLHBDS 2017- 10- 17 00:00:00 50.798065416 4.358730641  162.9144 53 280 59 24 0O =t

12} .
#POSGNS 2017- 10- 17 00:00:00 X [m] Y [m] Z[m] B[
POSGPS 2017- 10- 17 00:00:00 4027882.7667 3069959220 49195039910 50.798084746 4.358§ 01| ]
POSGPS 2017- 10- 17 00:15:00  4027883.3539 306996.6801 4919501.5488 50.798066391 4.3585 __
POSGPS 2017- 10- 17 00:30:00  4027883.2868 306997.9522 4919500.2323 50.798058705 4.3584 E
POSGPS 2017 10- 17 00:45:00 ~ 4027883.1343  306997.9468 4919500.1885 50.798059518 4.3585 o & ]
................................................. s
POSGAL 2017- 10- 17 05:00:00 4027885.8327 306995.2343 4919502.2234 50.798053773 4.3585 [T 6 .
POSGAL 2017- 10- 17 05:15:00 4027884.5166 307002.9106 4919504.2607 50.798070425 4.358§
POSGAL 2017- 10- 17 05:30:00 4027882.0961 306998.0823 4919500.7148 50.798069647 4.3585 al i
POSGAL 2017- 10- 17 05:45:00 4027881.3244 306997.0231 4919500.6480 50.798075188 4.3585
POSGAL 2017- 10- 17 06:00:00 4027880.3769 306995.4235 4919501.8792 50.798089611 4.3585 ol ]
POSGAL 2017- 10- 17 06:15:00 4027883.5153 306997.8101 4919501.3337 50.798063450 4.3585
POSGAL 2017- 10- 17 06:30:00 4027882.9539 306997.2001 4919501.1024 50.798066358 4.3585 .
POSGAL 2017- 10- 17 06:45:00 4027886.1815 306993.7040 4919505.1332 50.798068693 4.3584 = & o 5 & o > & o s & o

o o o oo o RTINS % o o
& & & & & & & & F G 5 @




XTMRoutput ¢ Obsenationttypes

Report of available observation types
C from FILE HEADER
C from FILE DATA
easyto grep over sequence of Anubis XTRfi(@€

sec_obs"2" ¢ details of satellite per observatiagpesand GNSS$onstellation

sec_obs"1" ¢ summary of satellites per GNSS, observations per system (and from HEADER)

#====== Observation types (v.9)
=GNSSYS 2017- 10- 17 00:00:00

=GPSSAT 2017- 10- 17 00:00:00
=GALSAT 2017- 10- 17 00:00:00
=GLOSAT 2017- 10- 17 00:00:00
=BDSSAT 2017- 10- 17 00:00:00

=BDSHDR 2017- 10- 17 00:00:00
=GALHDR 2017- 10- 17 00:00:00
=GPSHDR 2017- 10- 17 00:00:00
=GLOHDR 2017- 10- 17 00:00:00
=GPSOBS 2017- 10- 17 00:00:00
=GALOBS 2017- 10- 17 00:00:00
=GLOOBS 2017- 10- 17 00:00:00
=BDSOBS 2017- 10- 17 00:00:00

GPSCI1C 2017- 10- 17 00:00:00
GPSC1W 2017 10- 17 00:00:00
GPSC2L 2017 - 10- 17 00:00:00
GPSC2W 2017 10- 17 00:00:00
GPSC5Q 2017- 10- 17 00:00:00

GALClC 2017 - 10- 17 00:00:00
GALC5Q 2017- 10- 17 00:00:00
GALC7Q 2017- 10- 17 00:00:00
GALCS8Q 2017- 10- 17 00:00:00

4 GPS GAL GLO BDS

32 G01 G02 G03 G04 G05 G06 GO7 G08 G09 G10 G11 G12 G13 G14 G15 G16 G17 G18 G19 G20 G21 G22 G23

18 EO1 EO2 EO3 E04 EO5 - EO07 E08 E09 - E11E12 - E14 - - - E18E19E20 -
24 RO1 R02 RO3 R04 R0O5 R06 RO7 R0O8 R09 R10 R11 R12 R13 R14 R15 R16 R17 R18 R19 R20 R21 R22

12 = = = - CO05 C06 CO7 C08 C09 C10 C11 C12 C13 C14 = - - = = = -

6 C21 L2 S2I C7I L71 ST

12 C1C L1C S1C C5Q L5Q S5Q C7Q L7Q S7Q C8Q L8Q S8Q

14 C1C L1C S1C C1W SIW C2W L2W S2W C2L L2L S2L C5Q L5Q S5Q
9 C1C L1C S1C C2P L2P S2P C2C L2C S2C

14 C1C C1W C2L C2W C5Q L1C L2L L2W L5Q S1C SIW S2L S2W S5Q
12 C1C C5Q C7Q C8Q L1C L5Q L7Q L8Q S1C S5Q S7Q S8Q

9 C1C C2C C2P L1C L2C L2P S1C S2C S2P

6 C21 C7I L2I L7I S2I S7I

G01 G02 G03 G04 G05 G06 GO7 G08 G09 G10 G11 G12 G13 G14 G15 G16 G17 G18 G19 G20 G21 G22 G23
GO01 G02 G03 G04 G05 G06 GO7 G08 G09 G10 G11 G12 G13 G14 G15 G16 G17 G18 G19 G20 G21 G22 G23

G01 - G03 - GO5 GO06 GO7 G0O8 G09 G10 - G112 - - G5 - G17 - - - -
G01 G02 G03 G04 GO05 G06 GO7 G08 G09 G10 G11 G12 G13 G14 G15 G16 G17 G18 G19 G20 G21 G22 G23

G01 - GO3 - - G06 - G08 GO9 G10 - - - - - - - - - -
EO1 EO2 EO3 EO04 EO5 - EO7 EO8 E09 - E11E12 - E14 - - - E18 E19 E20 -
EO01 EO2 EO3 E04 EO05 - EO07 EO8 E09 - E11E12 - E14 - - - E18EI19 - -
EO01 EO2 EO3 E04 EO05 - EO07 EO8 E09 - E11E12 - E14 - - - E18EI19 - -
EO01 EO2 EO3 E04 EO05 - EO07 EO8 E09 - E11E12 - E14 - - - E18EI19 - -

E22

E22
E22
E22
E22

R23




XTMRoutput € Phasepreprocessing

Carrierphase observations all signals/frequencieandsatellite constellations checked for:
Clk_Jmp number of receiver clock jumps (phase/code inconsistencies)
CS_Total number of all phase cycldips and carriephase interruptions
CS_Slipsnumber of identified real phase cye#ips during aontinuousphase tracking
CS_Epochnumber ofphaseinterruptions due to missingpoch (for available satellites)
CS_SateHnumber ofphaseinterruptions due to temporary unavailable satellites
CS_Signalnumber ofphaseinterruptions due to temporary unavailable signals

#====== Preprocessing results (v.9)

#GNSPRP 2017- 10- 17 00:00:00 CS_Total CS_Slip CS_Epoch CS_Satell CS_Signal

=GPSPRP 2017- 10- 17 00:00:00 378 34 0 138 206

=GALPRP 2017- 10- 17 00:00:00 393 211 0 121 61

=GLOPRP 2017- 10- 17 00:00:00 868 598 0 110 160

=BDSPRP 2017- 10- 17 00:00:00 109 0 0 29 80

#GNSxxx 2017 - 10- 17 00:00:00 CS_Total CS_Slip CS_Epoch CS_Satell CS_Signal

=GPSL1C 2017 - 10- 17 00:00:00 134 10 0 76 48

=GPSL2L 2017 - 10- 17 00:00:00 82 4 0 17 61

=GPSL2W 2017- 10- 17 00:00:00 122 15 0 11 96

=GPSL5Q 2017- 10- 17 00:00:00 40 5 0 34 1

=GALL1C 2017 - 10- 17 00:00:00 96 42 0 27 27

=GALL5Q 2017 - 10- 17 00:00:00 105 59 0 32 14

=GALL7Q 2017 - 10- 17 00:00:00 104 59 0 32 13

=GALL8Q 2017 - 10- 17 00:00:00 88 51 0 30 7

#CLKJIMP 2017 - 10- 17 00:00:00 Phase[ ms|
CLKJIMP 2017 - 10- 17 00:00:00

#GNSSLP 2017- 10- 17 00:00:00 PRN Lic L2L L2P L2w L5Q L7Q L8Q
GPSSLP 2017- 10- 17 00:03:30 G14 9.0 - - -9.0 - - -
GPSSLP 2017- 10- 17 00:04:00 G14 -5.0 - - -1.0
GPSSLP 2017- 10- 17 00:05:30 G14 - - - 10.0
GPSSLP 2017- 10- 17 00:39:30 G15 14.0 11.0 - 11.0
GALSLP 2017 - 10- 17 00:36:00 E19 - - - - -82.0 -84.0 -82.0
GALSLP 2017 - 10- 17 02:06:00 E04 -4.0 - - - -30 -3.0 -3.0
GALSLP 2017 - 10- 17 03:38:00 EO5 - - - - 1.0 1.0 1.0
GALSLP 2017 - 10- 17 04:16:00 EO3 - - - - -2.0 -2.0 -2.0
GALSLP 2017 - 10- 17 04:16:30 EO3 - - - - 1.0 1.0 1.0
GALSLP 2017 - 10- 17 05:30:00 EO8 - - - - 80.0 82.0 80.0




XTMRoutput € Freguency/hands: availabiity

Performed fora) individual epochs, b) satellites and c) type of observations (code/pha:

Epochs with 4 satellites for a GNSS considesgable
Epochswith singlefrequency code/phase counted
Satellites with SF code/phase counted

C UseEpin Summary
C xCoEpxPhEp

N~

C xCoS¥xPhSv

sec_bnd"1" - asummary reporiover %of duat/multi-bandobservations

sec_bnd"2" - epochwise report over bandsf complete duafmulti-bandobservations

FewBandg counts of singldrequency observations

GNSCEP/GNSLERvailable bands for code/phase observations atgefined epochs

#====== Band available (v.9)

#GNSXEP 2017 - 10- 17 00:00:00 FewBand x01 x02 x03 x04 x05 x06 x07 x08 x09 x10 x11 x12 x13 x14 x15 x16 x17 x18 x19 x20 x21 x22 x23

=GPSCEP 2017- 10- 17 00:00:00 254 98 99 98 99 99 98 99 99 97 98 99 99 99 99 99 99 99 99 99 99 99 99
=GPSLEP 2017-10- 17 00:00:00 265 98 99 98 99 99 98 99 99 97 98 99 98 99 99 99 99 99 99 99 Q9 qq9 Q9

98
]

=GALCEP 2017-10- 17 00:00:00 249 99 99 99 99 99 - 100 99 99 - 99 99 35

BRUX station - Number of observed satellites per signals

=GALLEP 2017 - 10- 17 00:00:00 249 99 99 99 99 99 - 100 99 99 - 9999 | o2

=GLOCEP 2017- 10- 17 00:00:00 1866 97 99100 99 90 99 99 99 100 97 99 I ]
=GLOLEP 2017-10- 17 00:00:00 1890 97 99100 99 90 98 99 99 100 97 99 o R
=BDSCEP 2017- 10- 17 00:00:00 2074 =

=BDSLEP 2017 - 10- 17 00:00:00 2148 = = = - 98 99 98 98 98 98 99 99 98 98

- 100 99 99 98 99 98 99 99 98 98 ERNRRNARARARANERE dliibiitiiil

BRUX station - Observation availability for user elevation mask [colours] vs. horizon [black

= GPS GLO me= GAL BDS

" GPS mem GLO mm GAL == BDS
BRUX station - Distribution of observations w.r.t. elevation angle

#NxBAND 2017 - 10- 17 00:00:00 nSatell X01 x02 x03 x04 x05 x06 x07 x08 x09 x10 x11 x12 x13 x14 x15 00
GPSCBN 2017- 10- 17 00:00:00 13 1 - - - - 1 - - - 3 - 2 80
GPSCBN 2017- 10- 17 00:20:00 10 - S 3 2|¢ >
GPSCBN 2017- 10- 17 00:40:00 12 2 - 3 3 2 o
GPSCBN 2017- 10- 17 01:00:00 12 2 - 3 - 2 o B
GPSCBN 2017- 10- 17 01:20:00 10 2 - 3 2 d
GPSCBN 2017- 10- 17 01:40:00 11 2 3 3 2
GPSCBN 2017- 10- 17 02:00:00 11 2 3 3 2| 2"
GPSCBN 2017- 10- 17 02:20:00 9 2 3 2|
GPSCBN 2017- 10- 17 02:40:00 9 2 3 2
GPSCBN 2017- 10- 17 03:00:00 10 2 3 2
GPSCBN 2017- 10- 17 03:20:00 10 2 3 2|°




XMRoutputs € Elexation/Azimuth

Only if ephemeris available
Reportedin afixed samplingvhich canbe combinedwith other QC reports

sec_ele"1" ¢ satellite mean values onlgported (verbosity 1)
sec_ele"2" ¢ satellite/epochwise valueseported (verbosity 2)
Int_smp="20" ¢ requestedsampling frequencyin minutes)
num_sat"23" ¢ number of columns for satellit@efault:32)

pos_kin="true" ¢ kinematic datag applies epockspecific position for the receiver

#====== Elevation & Azimuth (v.9)

#GNSELE 2017- 10- 17 00:00:00 Mean x01 x02 x03 x04 x05 x06 x07 x08 x09 x10 x11 x12 x13 x14 x15 x16 x17 x18 x19 x20 x21 x22

GLOELE 2017 - 10- 17 00:00:00
GLOELE 2017- 10- 17 00:20:00
GLOELE 2017- 10- 17 00:40:00
GLOELE 2017- 10- 17 01:00:00
GLOELE 2017- 10- 17 01:20:00
GLOELE 2017- 10- 17 01:40:00
GLOELE 2017- 10- 17 02:00:00
GLOELE 2017- 10- 17 02:20:00
GLOELE 2017- 10- 17 02:40:00
GLOELE 2017- 10- 17 03:00:00
GLOELE 2017- 10- 17 03:20:00
GLOELE 2017- 10- 17 03:40:00
GLOELE 2017- 10- 17 04:00:00
GLOELE 2017- 10- 17 04:20:00
GLOELE 2017- 10- 17 04:40:00
GLOELE 2017- 10- 17 05:00:00
GLOELE 2017- 10- 17 05:20:00
GLOELE 2017- 10- 17 05:40:00
GLOELE 2017- 10- 17 06:00:00
GLOELE 2017- 10- 17 06:20:00
GLOELE 2017- 10- 17 06:40:00
GLOELE 2017- 10- 17 07:00:00

27
30
31
28
32
32
30
30
34
36
40
34
33
35
38

38 9

32 14

26 18 5
29 19 12
35 18 20
32 15 26 7
31 9 30 16

- 13 40 25
4 33 29
- 2431 7
- 1529 13
6 25 17
- 19 20
- 1219 4
516 8
- 1211
6 12 1
- 11 6
8 9
5 alih &
- 10 8
7 12
- 13
- 1205
9 14
4 23
- 31
- 39
- 44 5

75253 9

- 24 40 11

x23




