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Frequencies

Pseudorange
Carrier phase
Doppler shift
Signal-to-Noise Ratio

Observations

Orbit parameters
Satellite clock model
Satellite health
Leap seconds
Ionosphere parameters

Data
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Observation:

Post processing:
- Proprietary: e.g. Trimble .DAT, .T00, .T01, Leica .m00, etc.
- Non-proprietary: RINEX (Receiver INdependent EXchange 

format)

Data:
- Proprietary: vendor dependent
- Non-proprietary: RINEX, SP3



GNSS DATA FORMATS

GNSS Under Attack 4

Observation and Data:

Realtime:
- Proprietary: e.g. Trimble CMR, CMR+, u-blox .ubx, etc.
- Non-proprietary: RTCM 2.3, 3.1, 3.2, etc.

Results (coordinates, time, etc):
- Proprietary: e.g. u-blox .ubx
- Non-proprietary: NMEA 0183
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Receiver INdependent EXchange Format (RINEX)

- Observations
- Navigation messages
- Meteorological observations
- Satellite Clock Data files

Structure:
- Header + Body
- ASCII

https://igs.org/wg/rinex/#documents-formats
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Receiver INdependent EXchange Format (RINEX)

PRN YY MM DD HH mm ss.s      clock bias,a0(s)      cl. drift a1(s/s)  drift rate a2(s/s2)

    Eph ID         Crs (méter)        n (rad/s)        M0 (rad)

        Cuc (rad)            e (eccentr.)        Cus (rad)    sqrt(a) (sqrt(m))

   ToE(sec on GPS Week)      Cic (rad)         OMEGA (rad)       Cis (rad)

         i0 (rad)            Crc (méter)        omega (rad)   OMEGA DOT (rad/sec) 

      IDOT (rad/sec)        L2 codes             GPS Week L2 P data

    SV accuracy (m)     SV health           TGD (sec)          IODC

    Transm. Time of Msg.      
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Receiver INdependent EXchange Format (RINEX)
2.11           OBSERVATION DATA    M (MIXED)           RINEX VERSION / TYPE

teqc 2007Jun25                         20081114 03:12:00UTCPGM / RUN BY / DATE

BUTE                                                        MARKER NAME

11209M001                                                   MARKER NUMBER

BUTE/DGS                                                    OBSERVER / AGENCY

4722K06130          TRIMBLE NETR5       3.32                REC # / TYPE / VERS

0                                                      RCV CLOCK OFFS APPL

30436720            TRM55971.00     TZGD                    ANT # / TYPE

4081882.3740  1410011.1390  4678199.3890                  APPROX POSITION XYZ

0.0000        0.0000        0.0000                  ANTENNA: DELTA H/E/N

1     1                                                WAVELENGTH FACT L1/2

10    C1    P1    P2    C2    L1    L2    S1    S2    D1# / TYPES OF OBSERV

          D2                                                # / TYPES OF OBSERV

    30.0000                                                 INTERVAL

2008    11    13     0     0    0.0000000     GPS         TIME OF FIRST OBS

Linux 2.4.20-8|Pentium IV|gcc -static|Linux|486/DX+         COMMENT

GPSBase 2.51 2653                       13-Nov-08 01:07:39  COMMENT

                                                            END OF HEADER

08 11 13  0  0  0.0000000  0 17R13G25G 7G 8R11G10R14G13R 4G23G20G16

                                G 4R20G27G 2R19

  19966178.813    19966177.781    19966182.926                   -25464853.652 8

 -19783378.78848        53.000          46.000

  20567958.281                    20567953.914                   -26126266.185 7

 -19683420.37247        48.000          41.000

  20492914.938                    20492910.660    20492910.586   -27457060.159 6

 -21364847.51347        46.000          42.000

  22829218.820                    22829215.922                   -17132875.193 6

 -13298081.41847        45.000          32.000

  23827799.078    23827798.164    23827802.672                    -3942997.260 6

  -3035746.07147        44.000          34.000

  23737277.992                    23737275.266                    -6469002.526 4

  -4704521.29046        39.000          23.000

  23894782.773    23894781.508    23894790.012                    -4129265.329 4

  -3163775.00247        38.000          36.000

  

Interactive RINEX explanation:
https://server.gage.upc.edu/gLAB/HTML/Observation_Rinex_v3.01.html 

https://server.gage.upc.edu/gLAB/HTML/Observation_Rinex_v3.01.html
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Compact RINEX (Hatanaka)

https://www.gsi.go.jp/common/000045517.pdf 

Problem of RINEX: similar, but 
large numbers repeating in every 
epoch (pseudoranges, phase 
cycles, etc.) → large ASCII files

Principle: use a differential 
operator on the data sequence of 
the same type (e.g. continuous 
pseudorange observations of the 
same satellite)

https://www.gsi.go.jp/common/000045517.pdf
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IGS / EUREF PN / National / Other
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RINEX Manipulation

- data checking/repairing
- data selection/filtering
- quality control (e.g. MP), 

statistics
- metadata extraction
- decimation
- concatenation/splitting
- update header information 

https://gnss.gfz.de/services/gfzrnx
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SP3 Ephemerides
#cP2026  2  1  0  0  0.00000000      96 ORBIT IGc20 HLM  IGS

## 2404      0.00000000   900.00000000 61072 0.0000000000000

+   31   G01G02G03G04G05G06G07G08G09G10G11G12G13G14G15G16G17

+        G18G19G21G22G23G24G25G26G27G28G29G30G31G32  0  0  0

+          0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0

+          0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0

+          0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0

++         2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2

++         2  2  2  2  2  2  2  2  2  2  2  1  2  2  0  0  0

++         0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0

++         0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0

++         0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0

%c G  cc GPS ccc cccc cccc cccc cccc ccccc ccccc ccccc ccccc

%c cc cc ccc ccc cccc cccc cccc cccc ccccc ccccc ccccc ccccc

%f  1.2500000  1.025000000  0.00000000000  0.000000000000000

%f  0.0000000  0.000000000  0.00000000000  0.000000000000000

%i    0    0    0    0      0      0      0      0         0

%i    0    0    0    0      0      0      0      0         0

/* RAPID ORBIT COMBINATION FROM WEIGHTED AVERAGE OF:        

/* cod emr esa gfz grg jgx jpl ngs sio usn whu              

/* REFERENCED TO IGS TIME (IGST) AND TO WEIGHTED MEAN POLE: 

/* PCV:IGS20      OL/AL:FES2014b NONE     Y  ORB:CMB CLK:CMB

• 2026  2  1  0  0  0.00000000

• PG01  21397.352409  15169.909456  -4413.752085    337.822063  9  7  8 172       

• PG02  15356.516791  16053.103134 -14546.821691     28.794659  5  8  6 146       

PG03  11901.993151  17567.664346  15853.997340    582.806980  5  6  3 127       

PG04  14864.785096   7260.565527  20846.769378     41.555103  7  5  6 160       

PG05  -5096.758401 -25988.263320  -1894.182070   -228.212043  7  5  7 152       

PG06  13543.594226  -8958.578536  21120.855592   -607.341221  7  7  7 168       

PG07  24899.613163   5118.575098  -7775.516748   -142.912421  8  6  6 151       

PG08   5118.686200  15445.570745 -21101.962536    497.542818  6  4  3 116       

PG09  21177.207459  -2325.940461  15812.175652    770.368982  6  3  5 132       

PG10 -11104.162458  14484.051970 -18897.726310   -586.060740  8  7  5 137       

PG11  -1835.516204 -16864.216229  20507.886983   -454.565425  6  6  6 128       

PG12  -9333.554384 -21407.491377  12368.080208   -607.113511  5  2  5 109       

PG13   3969.502817 -17241.394226 -19994.357829    688.071486 14 11  7 140 

X Y Z tS

Position, satellite clock
(+ velocity vector)
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IGS Orbit Products
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RTCM 10402.3 – Radio Technical Commission of Maritime 
Services 2.3
Standardized data format for differential GNSS positioning

Principle of DGNSS Positioning
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RTCM 10402.3 – Radio Technical Commission of Maritime 
Services 2.3
Standardized data format for differential GNSS positioning

𝑃𝑅𝐶 = 𝑃𝑅𝐶 𝑡0 + 𝑅𝑅𝐶(𝑡 − 𝑡0)
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RTCM 10403.3 – RTCM 3.x
Standardized data format for differential + 
relative GNSS positioning
Multi GNSS, multi frequency 
correction/observation data format
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RTCM 10403.3 – RTCM 3.x
Standardized data format for differential + relative GNSS 
positioning
Multi GNSS, multi frequency 
correction/observation data format

RTCM3 1006 0207 Year=00 BZ=12 Single_Oscillator_Indicator= 0 Quarter_Indicator= 2 

X=4081882.377 Y=1410011.142 Z=4678199.391 Ht=0.000
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RTK Streams

GNSS MSM7 
messages
(GPS, GLO, GAL, BDS)
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Proprietary RTCM Message Types
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NMEA-0183

ASCII message for serial protocols
for marine navigation
GNSS, sonar, etc.

Sol Type

HDOP Ortho height Geoid
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NMEA-0183

and many others …



Thank You for Your Attention!

Contact: rozsa.szabolcs@emk.bme.hu
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