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Abstract
Since 2013, the G-Nut/Anubis has been developed for a complex quality

control (QC) of all modern GNSS observations and navigation messages.

Recently, the tool has been modified for the use within the European

Plate Observing System (EPOS) large research infrastructures for han-

dling RINEX files disseminated through newly developed system, GLASS

(Fernandes et al. 2017). The CzechGeo/EPOS contribution and other

infrastructures will serve as a prototype for development of monitoring of

historical archives as well as multi-GNSS data. For this purpose, new QC

XML format has been developed for the exchange of principal QC meta-

data. The latest G-Nut/Anubis is released under the GNU General Public

Licence v3 providing pre-compiled binaries for Linux, Windows, and Mac

systems and the source code at http://www.pecny.cz.

G-Nut/Anubis - Characteristics and Functionalities
Purpose: G-Nut/Anubis is a tool providing scalable view on RINEX 2.XX/3.XX observa-
tions and navigation messages without a need of comprehensive data processing. It is

useful for the data quality checking such as identifying incomplete or low quality data

immediately after the data collection by GNSS receiver. It provides quantitative and qual-

itative analyses, standard point positioning, and meta data checking. Since version 2.0,

it has been extended by the new QC XML format for key parameter statistics.

Availability:

• Latest release: 2.0.1 (November 7, 2016)

•Upcoming release: 2.1.0 (August/September, 2017)

•Open source (GPLv3): http://www.pecny.cz (GNSS, software, Anubis)

Basic characteristics:

•C++ development for use in command-line mode at Linux, Windows and Mac OS-X platforms.

•GNSS (GPS, GLONASS, Galileo, BeiDou) and regional augmentations (QZSS, SBAS, IRNSS).

Inputs/Outputs:

•Configuration: in XML-format

• Inputs: observation and navigation RINEX 2.XX and 3.XX, ephemeris in SP3 format

•Outputs: G-Nut/Anubis’s (XTR) easy-to-grep plain format; EPOS standard QC XML format

Processing modes and involved algorithms:

• Sequential or parallel processing, full/light-qc-mode operation, verbosity for individual sections.

•Expected observations counted for the horizon and user cut-off, elevation-dependent his-

tograms.

• Standard point positioning independent for all GNSS global constelations.

•Phase cycle slips detection, clock jumps detection and phase and code synchronicity check.

•Code multipath and noise estimates, signal-to-noise ratio statistics.

•Processing/reporting signals for all bands/frequencies, satellite constellations.

New QC XML Format for Key QC Parameters
The new QC XML format was designed to accomodate key QC parameters (i.e. no epoch/satellite

specific) from which various indicators for GNSS data quality can be generated. The aim was to

design the format more or less equivalent with the EPOS GNSS database structure in support of

pan-european GNSS data dissemination and monitoring service. The key parameters characterize:

•Quantitative control (countable measures without using specific algorithms)

•Qualitative control (navigation messages and some approximations needed)

•Complex control (standard point positioning)

System-independent QC key parameters:

• data/beg,end: actual data start/end (independently from QC window)
• data/smpl: qc data sampling rate (but no higher than QC sampling request)
• data/nepo: # of epochs
• data/ngap: # of epoch data gaps (larger than 300s)
• tot/elev: minimum elevation angle estimated from available observations
• tot/expt: # of expected phase observations – sum over GNSS (no elevation cut-off mask)
• tot/have: # of existing phase observations – sum over GNSS (a signal with max count)
• tot/expt usr: as above, but applied for user cut-off elevation mask
• tot/have usr: as above, but applied for user cut-off elevation mask
• tot/cyc slps: # of phase cycle slips – sum over GNSS (the same signal as tot/have)
• tot/clk jmps: # of inconsistencies in phase and code observastions due to clock jumps
• exl/xbeg,xend,xsmp: # of filtered data for QC due to expected interval and sampling
• exl/xsys,xsat,xsig: # of filtered data for QC due to requested systems, satellites and signals

System/signal-dependent QC key parameters:

• sys/type: element identifier: GNSS constellation (GPS, GAL, GLO, BDS, SBS, QZS, IRN)
• sys/nsat: # of satellites observed
• sys/xele: # of all observations not supported with satellite position
• epo/expt: # of expected observation epochs
• epo/have: # of existing observation epochs (data completeness)
• epo/dual: # of dual-frequency usable epochs (four satellites at least)
• amb/nepo,nsat: # of phase interruptions due to missing epoch and satellite
• amb/nsig,nslp: # of phase ambiguities due to signal interruption or cycle slip
• bnd/cod xepo,cod xsat: # of epochs/satellites with single frequency pseudo-range data
• bnd/pha xepo,pha xsat: # of epochs/satellites with single frequency carrier-phase data
• obs/type: element identifier: GNSS observation type
• obs/nsat: # of satellites for specific observation type and system
• tot/expt,expt usr: # of expected obs with/wout user elevation cut-off mask applied
• tot/have,have usr: # of existing obs with/wout user elevation cut-off mask applied
• tot/mpth: mean code multipath (in cm) estimated for specific code signal
• tot/slps: # of cycle-slips identified for specific carrier-phase observation type
• crd/x,y,z: mean coordinates estimated using standard point positioning
• crd/sx,sy,sz: repeatabilities estimated from standard point positioning

New QC XML format
1 <?xml version=” 1.0 ”?>

2 <QC GNSS>

3 <meta>

4 <c r eated>2017−06−30 09 : 2 0 : 4 7</ cr eated>

5 <program>G−Nut/Anubis [ 2 . 0 . 3 ]</program>

6 <fmt ver>1.00</ fmt ver>

7 <s e t b eg>2017−05−22 00 : 0 0 : 0 0</ s e t b eg>

8 <s e t end>2017−05−22 23 : 5 9 : 3 0</ s e t end>

9 <set smp>30.000</ set smp>

10 < s e t e l e>10.00</ s e t e l e>

11 <s e t s y s>BDS GAL GLO GPS QZS SBS</ s e t s y s>

12 <inp rnx>GOP700CZE R 20171420000 01D 30S MO . rnx</ inp rnx>

13 <inp md5>cfb5e3ba91af9522a15f8b9f1b0eb44d</inp md5>

14 </meta>

15 <head>

16 < s i t e i d>GOP7</ s i t e i d>

17 <marker numb>11502M006</marker numb>

18 <r e c e i v e r t y p e>TRIMBLE NETR9</ r e c e i v e r t y p e>

19 <receiver numb>49084</ receiver numb>

20 <antenna type>LEIAR25 .R4</ antenna type>

21 <antenna dome>LEIT</antenna dome>

22 <antenna numb>725071</antenna numb>

23 <so f twar e>NETR9 5.01</ so f twar e>

24 <data format>RINEX 3.02</ data format>

25 <data sampl ing>30.000</ data sampl ing>

26 <coord inate s x=” 3979319.652 ” y=”1050311.922 ” z=”4857064.384 ” />

27 <e c c e n t r i c i t i e s n=” 0.000 ” e=” 0.000 ” u=”0.065 ” />

28 <obse rvat i on s>

29 <BDS> C2I L2I S2I C7I L7I S7I</BDS>

30 <GAL> C1X L1X S1X C5X L5X S5X C7X L7X S7X C8X L8X S8X</GAL>

31 <GPS> C1C L1C S1C C2W L2W S2W C2X L2X S2X C5X L5X S5X</GPS>

32 <GLO> C1C L1C S1C C1P L1P S1P C2C L2C S2C C2P L2P S2P</GLO>

33 </ obse rvat i on s>

34 </head>

35 <navi>

36 <sys type=”GPS” f l a g=”1” nsat=”31” have=”406” />

37 <sys type=”GAL” f l a g=”1” nsat=”17” have=”1414 ” />

38 <sys type=”GLO” f l a g=”1” nsat=”24” have=”1148 ” />

39 <sys type=”BDS” f l a g=”1” nsat=”14” have=”327” />

40 </ navi>

41 <data beg=”2017−05−22 00 : 0 0 : 0 0 ” end=”2017−05−22 23 : 5 9 : 3 0 ” smpl=” 30.00 ” nepo=”2880 ” ngap=”0”>

42 <to t e l e v=” 0.01 ” expt=”86899” have=”74079” exp t u s r=”67706” have usr=”66591” c y c s l p s=”369” c lk jmps=”0” />

43 <ex l xbeg=”0” xend=”0” xsmp=”0” xsys=”0” xsat=”0” x s i g=”0” />

44 <sys type=”GPS” nsat=”31” xe l e=”2”>

45 <epo expt=”2880 ” have=”2880 ” dual=”2880 ” />

46 <amb nepo=”0” nsat=”297” ns ig=”281” ns lp=”333” />

47 <bnd cod xepo=”0” cod xsat=”653” pha xepo=”0” pha xsat=”653” />

48 <obs type=”C1C” nsat=”31” expt=”34261” have=”28671” exp t u s r=”25471” have usr=”25428” mpth=”34.90 ” />

49 <obs type=”C2W” nsat=”31” expt=”34256” have=”27521” exp t u s r=”25467” have usr=”25384” mpth=”34.30 ” />

50 <obs type=”C2X” nsat=”19” expt=”20964” have=”17186” exp t u s r=”15380” have usr=”15349” mpth=”30.76 ” />

51 <obs type=”C5X” nsat=”12” expt=”12620” have=”10530” exp t u s r=”9485 ” have usr=”9461 ” mpth=”36.62 ” />

52 <obs type=”L1C” nsat=”31” expt=”34258” have=”28459” exp t u s r=”25468” have usr=”25412” s l p s=”113” />

53 <obs type=”L2W” nsat=”31” expt=”34257” have=”27964” exp t u s r=”25467” have usr=”25395” s l p s=”125” />

54 <obs type=”L2X” nsat=”19” expt=”20964” have=”17186” exp t u s r=”15380” have usr=”15349” s l p s=”59” />

55 <obs type=”L5X” nsat=”12” expt=”12620” have=”10530” exp t u s r=”9485 ” have usr=”9461 ” s l p s=”36” />

56 <obs type=”S1C” nsat=”31” expt=”34261” have=”28671” exp t u s r=”25471” have usr=”25428” />

57 <obs type=”S2W” nsat=”31” expt=”34256” have=”27521” exp t u s r=”25467” have usr=”25384” />

58 <obs type=”S2X” nsat=”19” expt=”20964” have=”17186” exp t u s r=”15380” have usr=”15349” />

59 <obs type=”S5X” nsat=”12” expt=”12620” have=”10530” exp t u s r=”9485 ” have usr=”9461 ” />

60 <crd x=”3979319.071 ” y=”1050313.555 ” z=” 4857065.013 ” sx=” 4.269 ” sy=” 2.752 ” sz=” 4.199 ” />

61 </ sys>

62 <sys type=”GAL” nsat=”11” xe l e=”0”>

63 <epo expt=”2880 ” have=”2880 ” dual=”1581 ” />

64 <amb nepo=”0” nsat=”102” ns ig=”31” ns lp=”58” />

65 <bnd cod xepo=”1299 ” cod xsat=”18” pha xepo=”1299 ” pha xsat=”18” />

66 <obs type=”C1X” nsat=”11” expt=”12046” have=”10360” exp t u s r=”9644 ” have usr=”9381 ” mpth=”25.31 ” />

67 <obs type=”C5X” nsat=”11” expt=”12046” have=”10336” exp t u s r=”9644 ” have usr=”9380 ” mpth=”29.47 ” />

68 <obs type=”C7X” nsat=”11” expt=”12046” have=”10336” exp t u s r=”9644 ” have usr=”9380 ” mpth=”32.91 ” />

69 <obs type=”C8X” nsat=”11” expt=”12046” have=”10339” exp t u s r=”9644 ” have usr=”9380 ” mpth=”10.46 ” />

70 <obs type=”L1X” nsat=”11” expt=”12046” have=”10352” exp t u s r=”9644 ” have usr=”9381 ” s l p s=”15” />

71 <obs type=”L5X” nsat=”11” expt=”12046” have=”10336” exp t u s r=”9644 ” have usr=”9380 ” s l p s=”15” />

72 <obs type=”L7X” nsat=”11” expt=”12046” have=”10336” exp t u s r=”9644 ” have usr=”9380 ” s l p s=”13” />

73 <obs type=”L8X” nsat=”11” expt=”12046” have=”10339” exp t u s r=”9644 ” have usr=”9380 ” s l p s=”15” />

74 <obs type=”S1X” nsat=”11” expt=”12046” have=”10360” exp t u s r=”9644 ” have usr=”9381 ” />

75 <obs type=”S5X” nsat=”11” expt=”12046” have=”10336” exp t u s r=”9644 ” have usr=”9380 ” />

76 <obs type=”S7X” nsat=”11” expt=”12046” have=”10336” exp t u s r=”9644 ” have usr=”9380 ” />

77 <obs type=”S8X” nsat=”11” expt=”12046” have=”10339” exp t u s r=”9644 ” have usr=”9380 ” />

78 <crd x=”3979319.012 ” y=”1050312.242 ” z=” 4857064.113 ” sx=” 3.767 ” sy=” 0.742 ” sz=” 3.131 ” />

79 </ sys>

80 <sys type=”GLO” nsat=”24” xe l e=”28”>

81 <epo expt=”2880 ” have=”2880 ” dual=”2880 ” />

82 <amb nepo=”0” nsat=”575” ns ig=”155” ns lp=”962” />

83 <bnd cod xepo=”0” cod xsat=”1285 ” pha xepo=”0” pha xsat=”1304 ” />

84 <obs type=”C1C” nsat=”24” expt=”27454” have=”24053” exp t u s r=”21802” have usr=”21472” mpth=”54.33 ” />

85 <obs type=”C1P” nsat=”24” expt=”27453” have=”24041” exp t u s r=”21802” have usr=”21471” mpth=”49.06 ” />

86 <obs type=”C2C” nsat=”23” expt=”26220” have=”22764” exp t u s r=”20752” have usr=”20419” mpth=”45.32 ” />

87 <obs type=”C2P” nsat=”23” expt=”26214” have=”22510” exp t u s r=”20747” have usr=”20378” mpth=”42.37 ” />

88 <obs type=”L1C” nsat=”24” expt=”27454” have=”24048” exp t u s r=”21802” have usr=”21472” s l p s=”241” />

89 <obs type=”L1P” nsat=”24” expt=”27452” have=”24031” exp t u s r=”21801” have usr=”21469” s l p s=”259” />

90 <obs type=”L2C” nsat=”23” expt=”26220” have=”22747” exp t u s r=”20752” have usr=”20419” s l p s=”243” />

91 <obs type=”L2P” nsat=”23” expt=”26211” have=”22476” exp t u s r=”20744” have usr=”20372” s l p s=”219” />

92 <obs type=”S1C” nsat=”24” expt=”27454” have=”24053” exp t u s r=”21802” have usr=”21472” />

93 <obs type=”S1P” nsat=”24” expt=”27453” have=”24041” exp t u s r=”21802” have usr=”21471” />

94 <obs type=”S2C” nsat=”23” expt=”26220” have=”22764” exp t u s r=”20752” have usr=”20419” />

95 <obs type=”S2P” nsat=”23” expt=”26214” have=”22510” exp t u s r=”20747” have usr=”20378” />

96 <crd x=”3979319.454 ” y=”1050312.031 ” z=” 4857065.260 ” sx=” 4.168 ” sy=” 3.340 ” sz=” 6.585 ” />

97 </ sys>

98 <sys type=”BDS” nsat=”10” xe l e=”0”>

99 <epo expt=”2880 ” have=”2880 ” dual=”1530 ” />

100 <amb nepo=”0” nsat=”37” ns ig=”23” ns lp=”0” />

101 <bnd cod xepo=”1348 ” cod xsat=”24” pha xepo=”1350 ” pha xsat=”29” />

102 <obs type=”C2I” nsat=”10” expt=”12647” have=”11241” exp t u s r=”10308” have usr=”10301” mpth=”38.22 ” />

103 <obs type=”C7I” nsat=”10” expt=”12647” have=”11217” exp t u s r=”10308” have usr=”10301” mpth=”27.66 ” />

104 <obs type=”L2I ” nsat=”10” expt=”12647” have=”11220” exp t u s r=”10308” have usr=”10301” s l p s=”0” />

105 <obs type=”L7I ” nsat=”10” expt=”12647” have=”11212” exp t u s r=”10308” have usr=”10301” s l p s=”0” />

106 <obs type=”S2I ” nsat=”10” expt=”12647” have=”11241” exp t u s r=”10308” have usr=”10301” />

107 <obs type=”S7I ” nsat=”10” expt=”12647” have=”11217” exp t u s r=”10308” have usr=”10301” />

108 <crd x=”3979316.233 ” y=”1050308.201 ” z=” 4857061.948 ” sx=” 17.943 ” sy=” 21.019 ” sz=” 23.223 ” />

109 </ sys>

110 </data>

111 </QC GNSS>
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Settings and Inputs

Metadata on QC format, used pro-

gram and user settings.

Header metadata

Metadata from RINEX file header

to enable cross-validation of actual

data or nominal information.

Ephemeris support

Characteristics of the constellation

ephemeris for a reliable full QC.


