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A few typos and obsolete paragraphsved
Epochs of met data of met files ver&@dd are in GPS time only (Table A14).
DCB header record label corrected in Table A¥S / DCBS APPLIED .
Filenames for mixed GNSS nav mess files.
Table A2: Error in format oEPOCHrecord: One 6X removed. Trailing 3X removed.
GNSS navigation message files vers@ghiBcluded (including Galileo).
Table A3: Example of the kinematic event was wrfiigematic event record).
SYS /DCBS APPLIED header record simplified.
Tables A5 and A7: Clarification for adjustment diransmission time of message”.
Table A10: Mixed GPS/GLONASS navigatieessage file
Table A3: Removed obsolete antispodfayy
Tables A5/7/9: Format error 8V / EPOCH / SV CLK
missing
Half-cycle ambiguity flag (re-)introduced (5.4 andble A2).
Clarification of reported GLONASS time (8.1).
New header recordlYS / PCVS APPLIED
New Table 10: Relations betwe&®PS GST, andsALweeks
Recommendation to avoid storing redundant navigatiessages (8.3)
Tables A5/9/11: Format error BROADCAST ORBIT—n:3X - 4X. Examples were OK.
Marker typeNON_PHYSICALadded
Table A3: Example ofys/DCBS APPLIED was wrong.
Paragraph 3.3: Leftover from RINEX vens2 regarding wavelength factor for squaring-
type receiver removed and clarified.
Paragraph 5.11: Clarification regardimgobservation record length
Frequency numbers for Glonass —7..+ARQADCAST ORBIT - 2)

: Space between svn and year was
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1. THE PHILOSOPHY AND HISTORY OF RINEX

The first proposal for th®eceiver Independent Exchange Format RINEX was developed by the Astro-
nomical Institute of the University of Berne foretkasy exchange of the GPS data to be collectéagdine
first large European GPS campaign EUREF 89, whieblved more than 60 GPS receivers of 4 different
manufacturers. The governing aspect during theldpreent was the following fact:

Most geodetic processing software for GPS datawsell-defined set of observables:

- the carrier-phase measurement at one or botlesm(actually being a measurement on the beat fre-
guency between the received carrier of the satediignal and a receiver-generated reference fre-
quency).

- the pseudorange (code) measurement, equivaletitetalifference of the time of reception (ex-
pressed in the time frame of the receiver) andithe of transmission (expressed in the time frame
of the satellite) of a distinct satellite signal.

- the observation time being the reading of theires clock at the instant of validity of the carri
phase and/or the code measurements.

Usually the software assumes that the observaitioa is valid for both the phased the code measure-
ments,and for all satellites observed.

Consequently all these programs do not need makedhformation that is usually stored by the reees:
They need phase, code, and time in the above omedtidefinitions, and some station-related in-
formation like station name, antenna height, etc.

Up till now two major format versions have beeneleped and published:

- The original RINEX Version 1 presented at andepted by the 5th International Geodetic Sympo-
sium on Satellite Positioning in Las Cruces, 198urtner et al. 1989], [Evans 1989]

- RINEX Version 2 presented at and accepted bysgond International Symposium of Precise Po-
sitioning with the Global Positioning system in &tg, 1990, mainly adding the possibility to in-
clude tracking data from different satellite syssef@LONASS, SBAS). [Gurtner and Mader 1990a,
1990b], [Gurtner 1994].

Several subversions of RINEX Version 2 have bedmee:

- Version 2.10: Among other minor changes allowfog sampling rates other than integer seconds
and including raw signal strengths as new obseegalpGurtner 2002]

- Version 2.11: Includes the definition of a twoachcter observation code for L2C pseudoranges and
some modifications in the GEO NAV MESS files [Gatrand Estey 2005]

- Version 2.20: Unofficial version used for the kange of tracking data from spaceborne receivers
within the IGS LEO pilot project [Gurtner and Bs@002]

As spin-offs of this idea of a receiver-independ&fS exchange format other RINEX-like exchange file
formats have been defined, mainly used by thenatesnal GNSS Service IGS:

- Exchange format fasatellite and receiver clock offsetsletermined by processing data of a GNSS
tracking network [Ray and Gurtner 1999]

- Exchange format for the compldieoadcast data of space-based augmentation systei®BAS.
[Suard et al. 2004]

- IONEX: Exchange format faonosphere modelsletermined by processing data of a GNSS track-
ing network [Schaer et al. 1998]
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- ANTEX: Exchange format fgohase center variationsof geodetic GNSS antennae [Rothacher and
Schmid 2005]

The upcoming European Navigation Satellite Systeatil€d and the enhanced GPS with new frequencies
and observation types, especially the possibibtyrack frequencies on different channels, askafonore
flexible and more detailed definition of the obsdion codes.

To improve the handling of the data files in cab&mixed” files, i.e. files containing tracking tiaof more
than one satellite system, each one with diffecdrservation types, the record structure of the datard
has been modified significantly and, following seleequests, the limitation to 80 characters lers
been removed.

As the changes are quite significant, they leaal new RINEX Version 3. The new version also inchittee
unofficial Version 2.20 definitions for space-bomeeeivers.

2. GENERAL FORMAT DESCRIPTION
The RINEX version 3.00 format consists of three ASIle types:

1. Observation data File
2. Navigation message File
3. Meteorological data File

Each file type consists of a header section arata section. The header section contains globairmtion

for the entire file and is placed at the beginnifighe file. The header section contaleader labels in
columns 61-80for each line contained in the header sections@Habels are mandatory and must appear
exactly as given in these descriptions and examples

The format has been optimized for minimum spaceirements independent from the number of different
observation types of a specific receiver or sagelliystem by indicating in the header the typesbskrva-
tions to be stored for this receiver and the s&etlystems having been observed. In computer ragséd-
lowing variable record lengths the observation rdsanay be kept as short as possible. Trailingkslaan

be removed from the records. There is no maximwarcelength limitation for the observation records.

Each Observation file and each Meteorological Dég¢abasically contain the data from one site amné o
session. Starting with Version 2 RINEX also allowssinclude observation data from more than one site
subsequently occupied by a roving receiver in rapatic or kinematic applications. Although Versdand
higher allow to insert header records into the digld it is not recommended to concatenate dataarfe
than one receiver (or antenna) into the samedfilen if the data do not overlap in time.

If data from more than one receiver have to be axghd it would not be economical to include thaiidal
satellite messages collected by the different vecsiseveral times. Therefore the navigation mes§itg
from one receiver may be exchanged or a compositégation message file created containing non-
redundant information from several receivers ireotd make the most complete file.

The format of the data records of the RINEX Versionavigation message file was identical to thenfar
NGS exchange format. RINEX version 3 navigationsage files may contain navigation messages of more
than one satellite system (GPS, GLONASS, Galil8AS).

The actual format descriptions as well as examgalegiven in the Tables at the end of the paper.
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3. BASIC DEFINITIONS

GPS observables include three fundamental quantita need to be defined: Time, Phase, and Range.
3.1 Time

The time of the measurement is the receiver timtéhefreceived signals. It is identical for the ghasd
range measurements and is identical for all seslbbserved at that epoch. For single-systemfitieddt is

by default expressed in the time system of thee@sge satellite system. Else the actual time éannjixed
files must) be indicated in the Start Time heaéeeord.

3.2 Pseudo-Range:

The pseudo-range (PR) is the distance from thawacantenna to the satellite antenna includingirer
and satellite clock offsets (and other biases, siscitmospheric delays):

PR = distance +
¢ * (receiver clock offset - satellite clock offset
other biases)

so that the pseudo-range reflects the actual behaf/ithe receiver and satellite clocks. The psewge is
stored in units of meters.

See also clarifications for pseudoranges in mixB&&LONASS/Galileo files in chapter 8.1.

3.3 Phase

The phase is the carrier-phase measured in wheolescyThe half-cycles measured by squaring-typeivec
ers must be converted to whole cycles and flaggeithédo respective observation code (see Table paral
graph 5.4, GPS only).

The phase changes in the same sense as the raugti@ doppler). The phase observations between ep
ochs must be connected by including the integeraurof cycles.

The observables are not corrected for externatesflke atmospheric refraction, satellite clocksefs, etc.

Phase shifts between phases of the same frequemd¢sabked on a different carrier channel (I vs.oQA
vs. B vs. C, Galileo, modernized GPS) are not cteck

If the receiver or the converter software adjustsrheasurements using the real-time-derived receigek
offsets dT(r), the consistency of the 3 quantipease / pseudo-range / epoch must be maintaimedhe
receiver clock correction should be applied tBatbservables:

Time(corr) = Time(r) - dT(n

PR(corr) = PR(r) - dT(N*c

phase(corr) = phase(r) - dT(r)*freq
3.4 Doppler

The sign of the doppler shift as additional obskleé defined as usual: Positive for approachaiglbtes.
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3.5 Satellite numbers

Starting with RINEX Version 2 the former two-diggatellite numbersn are preceded by a one-character
system identifiers:

snn

|
[+-- nn: PRN (GPS, Galileo)

| slot number (GLONASS)
| PRN-100 (SBAS Geostationary)

+--- s: satellite system identifier
G: GPS
R: GLONASS
S: SBAS payload
E : Galileo

SBAS: Satellite-Based Augmentation System
Table 1: Satellite numbers

The same satellite system identifiers are also usall header records when appropriate.

4. THE EXCHANGE OF RINEX FILES:

We recommend using the following naming conventmrRINEX files:

ssssdddf.yyt

|l

| +-- t: file type:

| QO Observation file

| N: GPS navigation message file

| M Meteorological data file

| G GLONASS navigation message file

| L: Galileo navigation message file

| P: Mixed GNSS navigation message file

| H: SBAS Payload navigation message file

| B: SBAS broadcast data file

| (separate documen tation)
| C: Clock file (separate documentation)

| S: Summary file (used e.g., by IGS, not a standard!)

I
I
|
I
I
I
I
I
I
I
I
I
| +--- yy: two-digit year

+--me- f: file sequence number/character within day.
daily file: f = 0 (zero)
hourly files:
a = 1st hour: 00h-01h; b = 2nd hour: 01h-02h;
ce X = 24th hour: 23h-24h
S ddd: day of the year of first record
e ssss: 4-character station name design ator

Table 2: Recommended filenames: General, daily, hourly files
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For 15-minutes high-rate tracking data we recomntbadollowing extended filenames:

ssssdddhmm.yyO

I
| +- O observation file
+--- yy: two-digit year

I

|

| +ooeee mm: starting minute within the hour ( 00, 15, 30, 45)
| | +--—--—- h: character for the n-th hour in the day

| a = 1st hour: 00h-01h; b = 2nd hour: 01h-02h;

| e X = 24th hour: 23h-24h.

| +------ ddd: day of the year

Fommeeeeee- ssss: 4-char station ID or ID for the LEO

receiver/antenna
Table 3: Recommended filenames: High-rate data files
When data transmission times or storage volumesréreal we recommend compressing the files praor
storage or transmission. IGS currently uses theXUNbmpress" und "uncompress" programs. Compatible
routines are available on VAX/VMS and PC/DOS systeas well.

Proposed file name extensions for the compreskesd fi

f . A A A A A S R T HHHHHEEEI—=—A I H F b +

| File Types All platforms UNIX VMS DOS|

| uncompressed compressed |

B T +

| Obs Files Yy (0] yy 0Z yOZ yyY|
| Obs Files (Hatanaka compressed) .yy D yy Dz wyy D Z .yyE|
| GPS Nav Message Files yy N vy N.Z yy N Z .yy X]|
| GLONASS Nav Message File Yy G yy GzZ yyG2ZzZ yyV|
| Galileo Nav Message File yy L yy Lz wyylLZ .yyT|
| Mixed GNSS Nav Message File Yy P vy Pz yy P Z .y Q|
| GEO SBAS Nav Message Files yy H yy HZ wyy HZ .y U|
| GEO SBAS Broadcast Files (sep. doc.) .yy B vy Bz .wyyBZ .yyA|
| Met Data Files Yy M vy Mz y M Z .y W,
| Clock Files (see sep.doc.) Yy C yy Cz yyC2zZ .yyK|
e +

Table 4: Recommended filename extensions for compressed file

In order to additionally reduce the size of obsBovefiles Yuki Hatanaka developed a special corsgian
scheme that takes advantage of the structure dRiIKEX observation data by forming higher-orderfetif
ences in time between observations of the sameaygesatellite. This compressed file is also an h8l@
that is subsequently compressed again using theeabhentioned standard compression programs.

References for the Hatanaka compression scheme.&ee

- ftp:/iterras.gsi.go.jp/software
- IGSMails 1525,1686,1726,1763,1785,4967,4969,4975

The file naming and compression recommendationstactly speaking not part of the RINEX format idef
nition. However, they significantly facilitate trexchange of RINEX data in large user communitiks li
IGS.
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5. RINEX VERSION 3 FEATURES
The following section contains features that haeenbintroduced for RINEX Version 3:

5.1 Observation codes

The new signal structures for GPS and Galileo niak@ssible to generate code and phase observations
based on one or a combination of several chanele:channel signals are composed of | and Q compo-
nents, three-channel signals of A, B, and C compisnéMoreover a wideband tracking of a combined
E5a + E5b frequency tracking is possible. In otdekeep the observation codes short but still alfowa
detailed characterization of the actual signal gaien the length of the codes is increased from ¢ver-

sion 1 and 2) to three by adding a signal generatitiibute:

The observation codea consists of three parts:
-t :observation type: C = pseudorangel. = carrier phaseD = doppler, S = signal strength)
- n:band/frequency: 1,2,....8
- a: attribute: tracking mode or channel, elg.QQ etc
Examples:
- L1C: C/A code-derived L1 carrier phase (GPS, GLONASS)

Carrier phase on E2-L1-E1 derived from C channeli(&)
- C2L: L2C pseudorange derived from the L channel (GPS)

Freq Observation Codes
System Band Frequency Channel or Code Pseudo| Carrier D Signal
oppler
Range | Phase Strengtt
C/A cic LicC D1C SicC
P C1P L1P D1P S1P
Z-tracking and simila
L1 1575.42 (AS on) § - LIW D1W S
Y C1y L1Y D1Y S1Y
M CiM LIM D1M S1M
codeless -- LIN DIN S1N
C/A c2C L2C D2C S2C
FI(C/A)+(P2-P1) C2D | L2b | D2 | s2p
(semi-codeless)
GPS L2C (M) C2S L2S D2S S2S
L2C (L) C2L L2L D2L S2L
L2C (M+L)" C2X L2X D2X S2X
L2 1227.60 P Cop | 2P | D2P | SoP
Z-tracking and similai C2W LoW D2W SoW
(AS on)
Y c2y L2Y D2Y S2Y
M C2M L2M D2M S2M
codeless -- L2N D2N S2N
| C5l L5l D5I S5I
L5 1176.45 Q C5Q L5Q D5Q S5Q
+Q C5X L5X D5X S5X
GLONASS [G1 1602+k*9/16 |C/A cic LicC D1C Sic

! Example: Trimble NetRS and Septentrio PolaRx2C track L2Ctlee combined code M+L, therefore
attributeX has to be used for these observables.
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k= -7..+12 P C1P L1P D1P S1P
CIA (GLONASS M c2C L2C D2C S2C
G2 MG B : : C2P L2P D2P S2P
A PRS | CI1A L1A D1A S1A
B I/NAV OS/CS/SoL | C1B L1B D1B S1B
El 1575.42 C nodata | CIC L1C D1C Ssic
B+C C1X L1X D1X S1X
A+B+C ciz L1Z D1Z S1z
| FINAVOS | C5l L5l D5l S5l
E5a 1176.45 Q nodata| C5Q | L5Q D5Q | S5Q
+Q C5X L5X D5X S5X
| I/NAV OS/CS/SoL | CT7I L7I D7I Sl
Galileo E5b 1207.140 Q nodata | C7Q | L7Q D7Q | S7Q
1+Q C7X L7X D7X S7X
= | csl L8l D8l ssl
1191.795 Q csQ | L8Q D8Q | S8Q
(ESa+ESD) 1+Q C8x L8X D8X S8X
A PRS | C6A L6A D6A S6A
B CINAVCS | CéB L6B D6B S6B
E6 1278.75 C nodata | C6C L6C D6C S6C
B+C C6X L6X D6X S6X
A+B+C c6Z L6Z D6Z S6z
L1 1575.42 CIA cic L1C D1C sic
SBAS | Csl L5l D5l S5l
L5 1176.45 Q C5Q | L5Q D5Q | S5Q
1+Q C5X L5X D5X S5X

Table 5: RINEX Version 3 observation codes

For Galileo the band/frequency numimedoes not necessarily agree with the official fiesgry numbersn
=7 for E5b,n = 8 for E5a+b.

Antispoofing (AS) of GPS: True codeless GPS receivers (squaring-type recivese the attributé\.
Semi-codeless receivers tracking the first frequarging C/A code and the second frequency usingesom
codeless options use attribude Z-tracking under AS or similar techniques to remopseudorange and
phase on the “P-code” band use attridt&-code tracking receivers use attribite

As all observations affected by “AS on” get nowittlegvn attribute (codeless, semi-codeless, Z-tragkind
similar) the Antispoofing flag introduced into thbservation data records of RINEX Version 2 haobrex
obsolete.

Unknown tracking mode: In case of unknown tracking mode or channel thebate a can be left blank.
However, a mixture of blank and non-blank attré@sutvithin the same observation type of the same fre
guency band and of the same satellite system has &voidedL2S andL?2 is not allowed].2S andC2 is
OK.

5.2 Satellite system-dependent list of observables
The order of the observations stored per epochsatellite in the observation records is given Histaof
observation codes in a header record. As the typése observations actually generated by a recenssy

heavily depend on the satellite system RINEX Verstorequests system-dependent observation code list
(header record typ8YS /#/ OBS TYPES ).
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5.3 Marker type
In order to indicate the nature of the markeMARKERYPE header record has been defined:

GEODETIC Earth-fixed, high-precision monumentation
NON_GEODETIC  Earth-fixed, low-precision monumentation
SPACEBORNE Orbiting space vehicle

AIRBORNE Aircraft, balloon, etc.

WATER_CRAFT Mobile water craft

GROUND_CRAFT Mobile terrestrial vehicle

FIXED_BUOY "Fixed" on water surface
FLOATING_BUOY Floating on water surface

FLOATING_ICE Floating ice sheet, etc.

GLACIER "Fixed" on a glacier
BALLISTIC Rockets, shells, etc
ANIMAL Animal carrying a receiver
HUMAN Human being

Table 6: Proposed marker type keywords
The record is required except IBEODETIC andNON_GEODETI@arker types.

Attributes other thartGEODETICand NON_GEODETIVill tell the user program that the data were col-
lected by a moving receiver. The inclusion of afistnoving antenna" record (event flag 2) into taga
body of the RINEX file is therefore not necessdtyent flags 2 and 3 are still necessary to flagradting
kinematic and static phases of a receiver visitmitiple earth-fixed monuments, however.

Users may define other project-dependent keywords

5.4 Half-wavelength observations, half-cycle ambigties

Half-wavelength observations (collected tydelesssquaring techniques) get their own observatioresod
A special wavelength factor header line and bit the LLI flag in the observation records are netessary
anymore. If a receiver changed between squaringwdhdycle tracking within the time period of aREX
file, observation codes for both types of obseoretihave to be inserted into the respect8S / # /

OBS TYPES header record.

Half-wavelength phase observations are storedlircyales. Ambiguity resolution however has to aocb
for half wavelengths!.

Full-cycle observations collected by receivers vatissible half cycle ambiguity (e.g., during acdiga or
after loss of lock) are to be flagged with Losd. otk Indicator bit 1 set (see Table A2).

5.5 Scale factor
Theoptional SYS / SCALE FACTOR record allows e.g., to store phase data with A.@@les resolution

if the data was multiplied by a scale factor oftiddore being stored into RINEX file. Used to inGgeaeso-
lution by 10, 100, etc only. It is a modificatiohthe Version 2.200BS SCALE FACTOR record.
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5.6 Information about receivers on a vehicle

For the processing of data collected by receivers @ehicle the following additional informationnche
provided by special header records:

- Antenna position (position of the antenna refeeepoint) in a body-fixed coordinate systeriN-
TENNA: DELTA X/Y/Z

- Bore-sight of antenna: The unit vector of theediion of the antenna axis towards the GNSS satel-
lites. It corresponds to the vertical axis on edabind antennaANTENNA: B.SIGHT XYZ

- Antenna orientation: Zero-direction of the ant@ndsed for the application of “azimuth”-dependent
phase center variation models (see 6.14 belANYENNA: ZERODIR XYZ

- Current center of mass of the vehicle (for spaoab receivers):.CENTER OF MASS: XYZ

- Average phase center positioANTENNA: PHASECENTERsee below)

All three quantities have to be given in the samdybfixed coordinate system. The attitude of thbicle
has to be provided by separate attitude filesenstime body-fixed coordinate system.

5.7 Signal strengths

The generation of the RINEX signal strength indicgatsn_rnx in the data records (1 = very weak,...,9 =
very strong) are standardized in case the raw kigrengtfi sn_raw is given inlbHz:

sn_rnx = MIN(MAX(INT(sn_raw/6),1),9)

S/N (dbHz) S/N (RINEX)
<12
12-17
18-23
24-29
30-35
36-41
42-47
48-53
>54

OCoO~NOOOITA WN P

Table 7: Standardized S/N indicators

The raw signal strengths optionally stored 88a observations in the data records should be stored i
dbHz if possible. The newSIGNAL STRENGTH UNIT header record can be used to indicate the units of
these observations.

5.8 Date/time format in therem /RUN BY / DATE header record

The format of the generation time of the RINEX dilgtored in the second header recé®@M / RUN BY
/| DATE is now defined to be

yyyymmdd hhmmss zone

zone: 3 — 4 character code for the time zone

2 SIN is the raw S/N at the output of the correlgtarighout attempting to recover any correlatiorsks
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It is recommended to us&JTC as time zone. Serone to LCL if local time was used with unknown
local time system code.

5.9 Antenna phase center header record

An optional header record for antenna phase center positlNIENNA: PHASECENTERs defined to
allow for higher precision positioning without neefl additional external antenna information. It dam
useful in well-defined networks or applicationscéintains the position of averagephase center relative
to the antenna reference point for a specific femgy and satellite system. On vehicles the phasteice
position can be reported in the body-fixed coorthirgystem. See 6.14 below. Regarding the use of phase
center variation corrections see 5.15.

5.10 Antenna orientation

Header records have been defined to report thatatien of the antenna zero-direction as well asdinec-
tion of its vertical axis (bore-sight) if mountetldd on a fixed station. The header records cao be used
for antennas on vehicles. See 6.14 below.

5.11 Observation data records

Apart from the new observation code definitions tiest conspicuous modification of the RINEX format
concerns the observation records. As the typeblebbservations and their order within a data cbcla-
pend on the satellite system, the new format shmake it easier for programs as well as human keing
read the data records. Each observation recorchdegth the satellite numbenn, the epoch record starts
with special character. It is now also much easier to synchronize thdirgaprogram with the next epoch
record in case of a corrupted data file or wheeastring observation data in a RINEX-like format. Thae
cord length limitation to 80 characters of RINEXrSiens 1 and has been removed.

For the following list of observation types for tfoair satellite systems,S,E,R

G 5CI1PL1PL2C C2C S2C SYS/#/0OBS TYPES
R 2CilCLi1C SYS/#/0OBS TYPES
E 2L1BLSI SYS/#/OBS TYPES
S 2cCiCLiC SYS/#/0OBS TYPES

Table 8: Example for a list of observation types

the epoch and observation records look as follows:

> 2006 03 24 13 10 54.0000000 0 7  -0.1234567 89210

GO06 23619095.450 -53875.6328 -41981.3755 23619112.008 24.158
GO09 20886075.667  -28688.027 9 -22354.535 6 20886082.101 38.543
G12 20611072.689 18247.789 9 14219.770 8 20611078.410 32.326

R21 21345678.576 12345.567 5
R22 22123456.789 23456.789 5
E11 65432.1235 48861.586 7

S20 38137559.506  335849.1359

Table 9: Example for observation data records

The receiver clock correction in the epoch redwas been placed such that it could be preceded miea-
tifier to make it system-dependent in a later farne&ision, if necessary.

5.12 lonosphere delay as pseudo-observables

RINEX files could also be used to make availabldimhal information linked to the actual obseroat.
One such element is the ionosphere delay having determined or derived from a ionosphere model.
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We add the ionosphere phase delay expressed imyfciks of the respective satellite system-dependen
wavelength as pseudo-observable to the list oRINEX observables.

- t : observation type: | =lonosphere phase delay
- n:band/frequency 1 ,2,...8
- a : attribute: blank

The ionosphere pseudo-observable has to be incimdedhe list of observables of the respectiveltist
system. Only one ionosphere observable per sathHis to be included.

The user adds the ionosphere delay to the raw gitssgvation of the same wavelength and convetts i
other wavelengths and to pseudorange correctiomeiers:

corr_phase(f = raw_phase(f + d_ion(f)
corr_prange(f raw_prange(f - d_ion(f) [t/f;
d_ion(f) d_ion(f) Of/f)* (accounting for 1st order effects only)

d_ion(f): Given ionospheric phase correction for frequeficy
5.13 Channel numbers as pseudo-observables

For special applications it might be necessaryriovkthe receiver channel numbers having been ass$ign
by the receiver to the individual satellites. Weyrimeclude this information as another pseudo-otetde:

- t : observation type: X = Receiver channel number
- n: band/frequency: O
- a : attribute: blank

Lowest channel number allowed is 1 (re-number chlnbeforehand, if necessary). In case of a receive
using multiple channels for one satellite the clédscould be packed with two digits each rightifiest

into the same data field, order corresponding éodifder of the observables concerned. Fofdt3 ac-
cording to(<5-nc>(2X),<nc>12.2,".000' ), nc being the number of channels.

Restriction:Not more than 5 channels and channel numbers <100.

Examples:
0910.000 for channels 9 and 10
010203.000 for channels 1, 2, and 3
----- F14.3----

5.14 Corrections of differential code biases (DCBSs)

For special high-precision applications it might uzeful to generate RINEX files with correctionstbé
differential code biases (DCBs) already applieder€hare programs available to correct the obsemnsin
RINEX files for differential code biases (e.g¢2nonc¢ J. Ray 2005). This can be reported by special
header recordSYS / DCBS APPLIED pointing to the file containing the applied cotrens.

5.15 Corrections of antenna phase center variation®CVs)

For more precise applications an elevation- oraglem and azimuth-dependent phase center varigtion
model for the antenna (referring to the agreed-upBR) should be used. For special applicationsigthin
be useful to generate RINEX files with these viiad already applied. This can be reported by speci
header recordSYS / PCVS APPLIED pointing to the file containing the PCV correctimodels.
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5.16 Navigation message files

The header portion has been unified (with respetiid format definitions) for all satellite systerbe data
portion contains now in the first record of eachsssge block in addition to the satellite numbeo the
code for the satellite system.

G06 1999 09 02 17 51 44 -.839701388031D-03 -.165982 783074D-10 .000000000000D+00

Header records with system-dependent contentaltgain the system identifier. They are repeated fo
each system, if applicable.

GPSA .1676D-07 .2235D-07 .1192D-06 .1192D- 06 IONOSPHERIC CORR
GPSB .1208D+06 .1310D+06 -.1310D+06 -.1966D+ 06 IONOSPHERIC CORR
GAL .1234D+05 .2345D+04 -.3456D+03 IONOSPHERIC CORR

6. ADDITIONAL HINTS AND TIPS

6.1 Versions

Programs developed to read RINEX files have tofydhe version number. Files of newer versions may
look different even if they do not use any of tlesver features

6.2 Leading blanks in CHARACTER fields

We propose that routines to read files automayiaidiete leading blanks in any CHARACTER inputdiel
Routines creating RINEX files should also left-jfysall variables in the CHARACTER fields.

6.3 Variable-length records

ASCII files usually have variable record lengths e recommend to first read each observation deicoo

a blank string long enough to accommodate the $argessible observation recdrand decode the data
afterwards. In variable length records, empty digtds at the end of a record may be missing, @afpein
the case of the optional receiver clock offset.

6.4 Blank fields

In view of future modifications we recommend toefally skip any fields currently defined to be hitan
(format fields nX), because they may be assigneteto contents in future versions.

6.5 Order of the header records, order of data reaas

As the record descriptors in columns 61-80 are rang, the programs reading a RINEX Version 3 heade
are able to decode the header records with forawatsrding to the record descriptor, provided treorgs
have been first read into an internal buffer.

We therefore propose to allow free ordering offieader records, with the following exceptions:

- The RINEX VERSION/TYPE record must be the first record in a file

% Defined by the satellite system with the largasnber of possible observables plus any “pseudoruhbkes” like
SIN, ionosphere, etc. The length limitation to 8@racters of RINEX Versions 1 and 2 has been rethove
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- TheSYS/#/ OBS TYPES record(s) should precede a8YS / DCBS APPLIED and
SYS / SCALE FACTOR records.

- The # OF SATELLITES record (if present) should be immediately followed by twerespond-
ing number of PRN / # OF OBS  records. (These records may be handy for documeptar
poses. However, since they may only be created ladieing read the whole raw data file we define
them to be optional.

- The END OF HEADER of course is the last header in the record
6.6 Missing items, duration of the validity of vales
Items that are not known at the file creation tae be set to zero or blank or the respective decay be
completely omitted. Consequently items of missiegder records will be set to zero or blank by tie p
gram reading RINEX files. Trailing blanks may bertcated from the record.
Each value remains valid until changed by an aoiutti header record.
6.7 Unknown / Undefined observation types and headeescords
It is a good practice for a program reading RINHEXsfto make sure that it properly deals with unkno
observation types, header records or event flagskipping them and/or reporting them to the usére T

program should also check the RINEX version nunibbéhe header record and take proper action iiit-c
not deal with it.

6.8 Event flag records

The "number of satellites" also corresponds tontim@ber of records of the same epoch followingERe
OCH record.. Therefore it may be used to skip the@mjate number of data records if certain evesgdi
are not to be evaluated in detail.

6.9 Receiver clock offset
A receiver-derived clock offset can optionally leported in the RINEX observation files. In orderre-
move uncertainties if the data (epoch, pseudoraplgase) have been previously corrected or not by th

reported clock offset, RINEX Versions 2.10 onwardguests a clarifying header recoRICVY CLOCK
OFFS APPL. It would then be possible to reconstruct theinabobservations, if necessary.

6.10 Two-digit years

RINEX version 2 stores the years of data recordk two digits only. The header of observation fites-
tains aTIME OF FIRST OBS record with the full four-digit year, the GPS naessages contain the GPS
week numbers. From these two data items the unamibggyear can easily be reconstructed.

A hundred-year ambiguity occurs in the met data @h@®NASS and GEO nav messages: Instead of intro-
ducing a newlIME OF FIRST OBS header line it is safe to stipulate that any tigitdears in RINEX
Version 1 and Version 2.xx files are understootefresent

80-99: 1980-1999
00-79: 2000-2079

Full 4-digit year fields are/will be defined in tRENEX version 3 files.
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6.11 Fit interval (GPS navigation message file)

Bit 17 in word 10 of subframe 2 is a "fit intervdlag which indicates the curve-fit interval usedthe GPS
Control Segment in determining the ephemeris patersieas follows (see ICD-GPS-200, 20.3.3.4.3.1):

0 =4 hours
1 = greater than 4 hours.

Together with the IODC values and Table 20-XII #wtual fit interval can be determined. The secaades
in the last record of each message shall contaiffitinterval in hours determined using IODC,ffég, and
Table 20-XIl, according to the Interface Docume&@DIGPS-200.

6.12 Satellite health (GPS navigation message file)

The health of the signal components (bits 18 tofA®ord three in subframe one) are included fromsios
2.10 on into the health value reported in the sédmhd of the sixth nav mess records.

A program reading RINEX files could easily deciflbit 17 only or all bits (17-22) have been written

RINEX Value: 0 Health OK
RINEX Value: 1 Health not OK (bits 18-22 not stored
RINEX Value: >32  Health not OK (bits 18-22 stored)

6.13 Transmission time of message (GPS navigatioressage file)

The transmission time of message can be shortlyrdahidnight Saturday/Sunday, the ToE and ToC ef th
message already in the next week.

As the reported week in the RINEX nav mess&f@@ADCAST ORBIT - 5 record) goes with ToE (this
is different from the GPS week in the original #aeemessage!), the transmission time of messageld
be reduced by 604800 (i.e., will become negatiogl$o refer to the same week.

6.14 Antenna references, phase centers
We distinguish between

- Themarker, i.e. the geodetic reference monument, on whiclargenna is mounted directly with
forced centering or on a tripod.

- Theantenna reference point (ARP), i.e., a well-defined point on the antenag,, the center of the
bottom surface of the preamplifier. The antennglteis measured from the marker to the ARP and
reported in theANTENNA: DELTA H/E/N header record. Small horizontal eccentricitieshef t
ARP wi/r to the marker can be reported in the sagerd. On vehicles the position of the ARP is
reported in the body-fixed coordinate system inANTENNA: DELTA X/Y/Z header record.

- Theaverage phase center: A frequency- and minimum elevation-dependent tpmsiof the average
phase center above the antenna reference popdsition is important to know in mixed-antennae
networks. It can be given in an absolute senselative to a reference antenna. Optional header re-
cord: ANTENNA: PHASECENTERFor fixed stations the components are in nortt/ep direc-
tion, on vehicles the position is reported in theodyfixed system X,Y,Z.

For more precise applications an elevation- oratlem and azimuth-dependent phase center varia-

tion (pcv) model for the antenna (referring to dggeed-upon ARP) should be used. For special ap-
plications it might be useful to generate RINEXe$ilwith these variations already been applied.
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This can be reported by special header rec@¥S / PCVS APPLIED pointing to the file con-
taining the pcv correction models.

- Theorientation of the antenna: The “zero direction” is usuallyeoted towards north on fixed sta-
tions. Deviations from the north direction can bparted with the azimuth of the zero-direction in
an ANTENNA: ZERODIR AZI header record. On vehicles the zero-directior®rted as a unit
vector in the body-fixed coordinate system in ANTENNA: ZERODIR XYZ header record. The
zero direction of a tilted antenna on a fixed stattan be reported as unit vector in the left-hdnde
north/east/up local coordinate system in ANTENNA: ZERODIR XYZ header record.

- Thebore-sight direction of an antenna on a vehicle: The “vertical” symmetxis of the antenna
pointing towards the GNSS satellites. It can bergal as unit vector in the body-fixed coordinated
system in theANTENNA: B.SIGHT XYZ record. A tilted antenna on a fixed station couddé&-
ported as unit vector in the left-handed north/easibcal coordinate system in the same header re-
cord.

To be able to interpret the various positions ctlyeit is important that theMARKERTYPE record is
included in the RINEX header.

7. RINEX UNDER ANTISPOOFING (AS)

Some receivers generate code (pseudorange) déferedces between the first and second frequenioyg us
cross-correlation techniques when AS is on and reagver the phase observations on L2 in full cycles
Using the C/A code delay on L1 and the observefémdince it is possible to generate a code delagroas
tion for the second frequency. Other receiversvec® code observations by breaking down the Y code
into P and W code.

Most of these observations may suffer from an @eed noise level. In order to enable the post-ggicg
programs to take special actions, such AS-infecteskrvations have been flagged in RINEX Version 2
using bit number 2 of the Loss of Lock Indicatdrs.(their current values are increased by 4). énsion 3
there are special attributes for the observatipe tp more precisely characterize the observalolée{ess,
semi-codeless, Z-tracking or similar techniqueswA& on, L2C, P-code when AS off, Y-code tracking),
making the AS flag obsolete.
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8. DEALING WITH DIFFERENT SATELLITE SYSTEMS

8.1 Time system identifier

GPStime runs, apart from small differences (<< 1 nmsecond), parallel to UTC. It is a continuous time
scale, i.e. it does not insert any leap second$ e is usually expressed in GPS weeks and G&tide
past 00:00:00 (midnight) Saturday/Sunday. GPS staeted with week zero &0:00:00 UT (midnight)
on January 6, 1980. Between 1980 and 2006 14 amds have been introduced to UTC.

The GPS week is transmitted by the satellites B3 lasit number. It has a roll-over after week 10P8e first
roll.-over happened on August 22, 1999, 00:00:08 Gfe.

In order to avoid ambiguities the GPS week repoirtetie RINEX navigation message files is a cortumi
number without roll-over, i.e. ...1023, 1024, 1025, ...

We use GPSas time system identifier for the reported GP&tim

GLONASS is basically running on UTC (or, more precisel},NASS system time linked to UTC(SU)),
i.e. the time tags are given in UTC and not GP&tilhis not a continuous time, i.e. it introdutlkes same
leap seconds as UTC. The reported GLONASS timehH®same hours as UTC and not UTC+3 h as the
original GLONASS System Time!

We useGLOas time system identifier for the reported GLONABSe.

Galileo runs on Galileo System Time (GST), which is, ajflenn small differences (tens of nanoseconds),
nearly identical to GPS time:

* The Galileo second starts at midnight Saturday/8yrd the same second as the GPS second.

* The GST week as transmitted by the satellitesli® kit value with a roll-over after week 4095. The
GST week started at zero at the first roll-ovethef broadcast GPS week after 1023, i.e. at Sun, 22-
Aug-1999 00:00:00 GPS time

In order to remove possible misunderstandings anbliguities the Galileo week reported in the RINEX
navigation message files is a continuous numbehouit roll-over, i.e., ...4095,4096,4097,... aitdis
aligned to the GPS week

We useGAL as time system identifier for this reported Galitene.

GPS broadcast 0..1023 0...1023 0...1023 0...1023 O... 1023 O...
GPSRINEX 0 ... 1023 1024 ... 2047 2048 ... 3071 3072 ... 4095 4096 ... 51195120 ...
GST 0...1023 1024 ... 2047 2048 ... 3071 3072 ... 4095 O...
GAL 1024 ... 2047 2048 ... 3071 3072 ... 4095 4096 ... 51195120 ...

Table 10 Relations between GPS, GST, and GAL weeks

The header recordBME OF FIRST OBS and (if presentfIME OF LAST OBS in pure GPS, GLON-
ASS or Galileo observation filesn, in mixed GPS/GLONASS/Galileo observation filesist contain the
time system identifier defining the system thatiatle tags in the file are referring to:

* GPSto identify GPS time,

* GLOto identify the GLONASS UTC time system
* GALto identify Galileo time.
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Pure GPS observation files defaullG®S pure GLONASS files default t6LQ pure Galileo files default to
GAL.

Apart from the small errors in the realizationstlnd different time systems, the relations betwéenslys-
tems are:

GLO = UTC GPS Atg
GPS = GAL = UTC s

Ats. Delta time between GPS and UTC due to leap sec@wdtransmitted by the GPS satellites
in the almanac (200%&t, s = 13, 2006At, s = 14).

In order to have the current number of leap secavddiable we recommend to includés by aLEAP
SECONDine into the RINEX file headers.

If there are known non-integer biases between "@&8iver clock”, "GLONASS receiver clock” or “Gali-
leo receiver clock” in the same receiver, they d&thdoe applied in the process of RINEX conversionthis
case the respective code and phase observatioagdhe corrected, too (c * bias if expressed itens.

Unknown such biases will have to be solved formtythe post processing
The small differences (modulo 1 second) betweellggatystem time, GLONASS system time, UTC(SU),

UTC(USNO) and GPS system time have to be dealt dutting the post-processing and not before the
RINEX conversion. It may also be necessary to stdlveemaining differences during the post-proaassi

8.2 Pseudorange definition

The pseudorange (code) measurement is defined éguigalent to the difference of the time of reaapt
(expressed in the time frame of the receiver) aeditme of transmission (expressed in the time é&afthe
satellite) of a distinct satellite signal.

In a mixed-mode GPS/GLONASS/Galileo receiver réfgrrall pseudorange observations to one receiver
clock only,

- the raw GLONASS pseudoranges will show the cumeimber of leap seconds between GPS/GAL
time and GLONASS time if the receiver clock is rintnin the GPS or GAL time frame

- the raw GPS and Galileo pseudoranges will shavribgative number of leap seconds between
GPS/GAL time and GLONASS time if the receiver clagkunning in the GLONASS time frame

In order to avoid misunderstandings and to keegtiie observations within the format fields, theymso-
ranges must be corrected in this case as follows:

PR(GPS) := PR(GPS) + s if generated with a receiver clock running in tRBeON-
ASS time frame

PR(GAL) := PR(GAL) + ¢ *At s if generated with a receiver clock running in GBeON-
ASS time frame

PR(GLO) := PR(GLO) - c Ats if generated with a receiver clock running in BBS or

GAL time frame
to remove the contributions of the leap seconds fitee pseudoranges.

At s is the actual number of leap seconds between GHSABd GLO time, as broadcast in the GPS alma-
nac and distributed in Circular T of BIPM.
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8.3 RINEX navigation message files

The header section of the RINEX version 3.00 ndieganessage files have been slightly changed
compared to the previous version 2. The formahefiieader section is identical for all satellite
systems, i.e., GPS, GLONASS, Galileo, SBAS.

The data portion of the navigation message filegain records with floating point numbers. The
format is identical for all satellite systems, thenber of records per message and the contents,
however, are satellite system-dependent. The foofide version 3 data records has been changed
slightly, the satellite codes now contain alsoghtellite system identifier.

It is possible to generate mixed navigation meséiase i.e. files containing navigation messages
of more than one satellite system. Header recoittissystem-dependent contents have to be re-
peated for each satellite system, if applicablengythe satellite system identifier of the satellit
code the reading program can determine the nunilmata records to be read for each message
block.

The time tags of the navigation messages (e.ge, tihephemeris, time of clock) are given in the
respective satellite time systems!

It is recommended to avoid storing redundant namganessages (e.g., the same message upload
broadcast at different times) into the RINEX file.

8.3.1 RINEX navigation message files for GLONASS

The header section and the first data record (emathllite clock information) are equal to the GRSiga-
tion file. The following three records contain thatellite position, velocity and acceleration, theck and
frequency biases as well as auxiliary informatiernaalth, satellite frequency (channel), age ofriferma-
tion.

The corrections of the satellite time to UTC ardéadiews:

GPS: Tutc = Tsv - af0 - afl *(Tsv-Toc) - ..AQ -...-Ats
GLONASS:  Tutc = Tsv + TauN - GammaN*(Tsv-Th) + Tau

In order to use the same sign conventions for th®ASS cor-
rections as in the GPS navigation files, the bcaalGLONASS
values are stored as

-TauN, +GammaN, -TauC.

The time tags in the GLONASS navigation files areeg in UTC (i.e.not Moscow time or GPS time).

File naming convention: See above.

8.3.2 RINEX navigation message files for Galileo

The Galileo Open Service allows access to two radiig message types: F/INAV (Freely Accessible Navi-
gation) and I/NAV (Integrity Navigation). The conts of the two messages differs in various itenosy-h

ever, in general it is very similar to the contenftshe GPS navigation, e.g. the orbit parametgdnras the
same. The data blocks of the Galileo RINEX navi@athessages are identical to a large extent.
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There are items in the navigation message thatndiepe the origin of the message (F/NAV or I/NAVh&
SV clock parameters actually define the satellitelcfor the dual-frequency ionosphere-free lineambi-
nation. F/NAV reports the clock parameters valid ttee E5a-E1 combination, the I/NAV reports the pa-
rameters for the E5b-E1 combination. The secondmpeater in theBroadcast Orbit 5 record (bits 8
and 9) indicate the frequency pair the stored ctmrkections are valid for.

Some parameters contain the information storedid®twl he interpretation is as follows:

- Convert the floating point number read from tHBIRX file into the nearest integer
- Extract the values of the requested bits fromirtteger

Example:
0.170000000000D+02 -> 17 =2 4429 .>  Bits 4 and 0 are set, all others are zero

As mentioned above, the GAL week in the RINEX natign message files is a continuous number, it has
been aligned to the GPS week by the program cipdimRINEX file.

8.3.3 RINEX navigation message files for GEO satétts

As the GEO broadcast orbit format differs from tBES message a special GEO navigation message file
format has been defined which is nearly identicthwhe GLONASS navigation message file format.

The header section contains information about #@eting program, comments, and the difference be-
tween the GEO system time and UTC.

The first data record contains the epoch and gatellock information, the following records comiahe
satellite position, velocity and acceleration angilgary information such as health, age of theagatc.

The time tags in the GEO navigation files are givethe GPS time frame, i.eot UTC.
The corrections of the satellite time to UTC ardédadiews:
GEO: Tutc = Tsv - aGf0 - aGfl *(Tsv-Toe) - W\t 5

WO being the correction to transform the GEO sydiem to UTC. Toe, aGf0, aGfl see below in the fairm
definition tables.

The Transmission Time of MessafeRN / EPOCH / SV CLK  header record) is expressed in GPS sec-
onds of the week. It marks the beginning of thegags transmission. It has to refer to the same vk

as theEpoch of Ephemeridest has to be adjusted by - or + 604800 secoridsedessary (which would
make it lower than zero or larger than 604800, eetpely). It is a redefinition of the Version 2.Message
frame time

Health shall be defined as follows:
- bits 0 to 3 equal thealthin Message Type 17 (MT17)
- bit4issetto 1 if MT17 health is unavailable
- bit5issetto 1 if the URA index is equal to 15
8.4 RINEX observation files for GEO satellites
A separate satellite system identifier has beeimeeéffor the Satellite-Based Augmentation SysteBAS)

payloadssS, to be used in thRINEX VERSION / TYPE header line and in the satellite identifsgm ,
nn being the GEO PRN number minus 100.
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eg. PRN=120 = snn =S20
In mixed dual frequency GPS satellite / single treacy GEO payload observation files the fieldstfer
second frequency observations of SBAS satell#esain blank, are set to zero values or (if laghare-
cord) can be truncated.

The time system identifier of GEO satellites getieggGPS signals defaults to GPS time.

In the SBAS message definitions bit 3 of the he@ltturrently marked agservedIn case of bit 4 set to 1,
it is recommended to set bits 0,1,2,3 to 1, too.

User Range AccuradRA):

The same convention for converting the URA indertgders is used as with GPS. Set URA = 32767 meters
if URA index = 15.

Issue Of Data Navigatior{flODN)

The IODN is defined as the 8 first bits after thessage type 9, calld®DN in RTCA DO229, Annex A
and Annex B and callesparein Annex C.

The CORR TO SYSTEM TIME header record has been replaced by the more ¢aeemd D-UTC
AO0,A1,T,W,S,U in Version 2.11.
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Appendix Al

APPENDIX: RINEX FORMAT DEFINITIONS AND EXAMPLES

Al

GNSS OBSERVATION DATA
+
HEADER LABEL |
(Columns 61-80) |
+

| - File type:
Satellite System:

+

PGM /RUN BY / DATE

Name of agency creating

Date and time of file cre

Format: yyyymmdd hhmmss z
zone: 3-4 char. code fo

RINEX VERSION / TYPE | - Format version :

| - Name of program creating current file |

GNSS Observation Data File - Header Section Da$ption

4L

TABLE Al |
FILE - HEADER SECTION DESCRIP TION |
+ +
DESCRIPTION |

+

| F9.2,11X, |

Ofor Observation Data | A1,19X, |
G GPS | A1,19X |
R: GLONASS | |
E: Galileo | |
S: SBAS payload | |
M Mixed | |

+
t

FORMAT |

3.00

A
current file |
ation | |
one | A20 |
r time zone. | |

20, |
A20, |

UTCrecommended! | |
LCL if local time with unknown | |
stem code | |

local time sy

f———————— y ——————— 4y —— 4 —— 4

+
t

COMMENT

.3

| Comment line(s)

+

MARKER NAME | Name of antenna marker

+— +

.3

MARKER NUMBER | Number of antenna marker
+

MARKER TYPE | Type of the marker: | A20,40X |

I I
: Earth-fixed, high- | |
numentation | |

NON_GEODETICEarth-fixed, low- | |

precision mo numentation | |
NON_PHYSICAL Generated from network | |

processing | |
SPACEBORNE: Orbiting space vehicle | |
AIRBORNE : Aircraft, balloon, etc. | |

GEODETIC
precision mo

I
GROUND_CRAFTMobile terrestrial vehicle| |
FIXED_BUOQY : "Fixed" on water surface | |
FLOATING_BUQYFloating on water surface | |
FLOATING_ICE : Floating ice sheet, etc. | |

GLACIER :
BALLISTIC

ANIMAL :
HUMAN

| Record required except for
| and
I

| Users may define other proj
| keywords.

REC #/ TYPE / VERS
| (Version: e.g. Internal Sof
+

ANT # / TYPE
+

| Antenna number and

e b e L o ) e L e e e e e e e e e e e e e e e e e e &

| (Units: Meters, System: ITR

rinex300_2007_11_28.doc

|
I
I
I
I
I
I
| WATER_CRAFT Mobile water craft |
I
I
I
I
I
I
I
I

OBSERVER / AGENCY | Name of observer / agency

| Receiver number, type, and version |

APPROX POSITION XYZ | Geocentric approximate marker position

"Fixed" on a glacier | |
: Rockets, shells, etc | |
Animal carrying a receiver| |

: Human being | |

| |
GEODETIC | |

NON_GEODETI@arker types. | |

ect-dependent | |

+
t

| A 20,A40 |

3A
tware Version)| |
+
type I
+
| 3F1
S recommended)| |

20 |

2A20 |

44 |
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| | Optional for moving platfor ms | |
+ + + +
| ANTENNA: DELTA H/E/N | - Antenna height: Height of the antenna | F14 A4, |
| | reference point (ARP) abo ve the marker | |
| | - Horizontal eccentricity o f ARP | 2F14.4 |
| | relative to the marker (e ast/north) | |
| | All units in meters | |
+ + + +
*| ANTENNA: DELTA X/Y/Z | Position of antenna reference point for | 3F14 A4 |*
| | antenna on vehicle (m): | |
| | XYZ vector in body-fixed co ord. system | |
*| ANTENNA: PHASECENTERAverage phase center position w/irto | *
| | antenna reference point (m) | |
| | - Satellite system ( G R E/S) | A1, |
| | - Observation code | 1X,A3, |
| | - North/East/Up (fixed stat ion) or | F9.4, |
| | X/YIZ in body-fixed syste m (vehicle) | 2F14.4 |
*| ANTENNA: B.SIGHT XYZ | Direction of the “vertical” antenna axis | 3F14 A4 |*
| | towards the GNSS satellites . | |
| | Antenna on vehicle: |
| | Unit vector in body-fixed coord. system | |
| | Tilted antenna on fixed sta tion: | |
| | Unit vector in N/E/Up left -handed system| |
*| ANTENNA: ZERODIR AZI | Azimuth of the zero-direction of a | F14 A4 |*
| | fixed antenna (degrees, fro m north) | |
*| ANTENNA: ZERODIR XYZ| Zero-direction of antenna | 3F14 A4 |*
| Antenna on vehicle: |
| Unit vector in body-fixed coord. system | |
| Tilted antenna on fixed sta tion: |
| Unit vector in N/E/Up left -handed system| |
+ + +
CENTER OF MASS: XYZ | Current center of mass (X,Y,Z, meters) of| 3F1 44 |*
| vehicle in body-fixed coord inate system. | |
| Same system as used for att itude. | |
+ + +
SYS /#/OBS TYPES | - Satellite system code ( G R ES) | AL, |
| - Number of different obser vation types | 2X,13, |
| for the specified satelli te system | |
| - Observation descriptors: | 13(1X,A3) |
| -Type
| -Band | |
| - Attribute | |
I
| 13 observation descriptors. | 13(1X,A3) |
I
| In mixed files: Repeat for each | |

| satellite system. | |

| These records should preced e any | |
| SYS / SCALE FACTOR records (see below). | |

| The following observation d escriptors | |
| are defined in RINEX Versio n 3.00: | |
I | |
| Type: C = Code / Pseudorange | |

L = Phase | |

D = Doppler | |

S = Raw signal strength | |
I = lonosphere phase delay | |
X = Receiver channel numbers | |

|

I

I

+
*

I

I

+

I

I

|

|

|

|

:

| | Use continuation line(s) fo rmorethan | 6X, |
|

I

I

|

|

|

|

|

|

|

|

| I
| I
| I
.
| | Band: 1=11 (GPS,SBAS) | |
I I
I I
I I
I I
I I

G1 (GLO) | |

E2-L1-E1 (GAL) | |
2=12 (GPS) | |

G2 (GLO) | |
5=L5 (GPS,SBAS) | |
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lonosphere : full
Channel # : See't

| Sign definition: See text.

I

| The sequence of the observa
| observation records has to

| the sequence of the types i

cycles |
ext |

I

I

I

tions in the |
correspond to |
n this record |

| | E5a (GAL) |

| I 6 = E6 (GAL) | |

| | 7 = E5b (GAL) | |

| | 8 = E5a+b (GAL) | |

| | 0 for type X @l | |
| | Attribute: |

| | P = P code-based (GPS,GLO) |

| | C=C code-based (SBAS,GPS,GLO) |

| | Y =Y code-based (GPS) | |
| | M= M code-based (GPS) | |
| | N = codeless (GPS) | |

| | A = A channel (GAL) | |

| | B = B channel (GAL) | |

| | C=C channel (GAL) | |

| | I =1 channel (GPS,GAL) | |
| | Q= Q channel (GPS,GAL) | |
| | S = M channel (L2C GPS) | |
| | L =L channel (L2C GPS) | |
| | X = B+C channels (GAL) | |
| | 1+Q channels (GPS,GAL) |
| | M+L channels (GPS) |

| | W= based on Z-tracking (GPS) | |
| | (see text) |

| | Z = A+B+C channels (GAL) | |
| | blank : for types I and X (all) |

| | or unknown tracki ng mode |
| I |

| | All characters in uppercase only! |

| I |

| | Units : Phase : full cycles |

| | Pseudorange : meter S |

| | Doppler :Hz

| | SNR etc  : recei ver-dependent |
I I

I I

I I

|

I

I

I

|

|

|

|

A3

| of the respective satellite system. |
| The attribute can be left b lank if not |
| known. See text! |
*| SIGNAL STRENGTH UNIT] - Unit of the signal strength | A20, 40X |*
| | observables Snn (if present) | |
| I |
[ | DBHZ: S/N given in dbHz | |
I I I
+ + + +
*| INTERVAL | Observation interval in seconds | F10. 3 |*
| TIME OF FIRST OBS | - Time of first observation record | 516 ,F13.7, |
| | (4-digit-year, month,day, hour,min,sec) | |
| | - Time system: GPS(=GPS time system) | 5X,A3 |
| | GLO(=UTC time system) |
| | GAL (=Galileo System Time)|
| | Compulsory in mixed GNSS files |
| | Defaults: GPSfor pure GPS files |
| | GLOfor pure GLONASS files | |
| | GALfor pure Galileo files | |
+ + + +
*| TIME OF LAST OBS | - Time of last observation record | 51 6,F13.7, |*
| | (4-digit-year, month,day, hour,min,sec) | |
| | - Time system: Same value a sin | 5X,A3 |
[ | TIME OF FIRST OBS record | [
+ + + +
*| RCV CLOCK OFFS APPL| Epoch, code, and phase are corrected by | | 6 |*
| | applying the realtime-deriv ed receiver | |
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| clock offset: 1=yes, 0=no;

Appendix A4

default: 0=no | |

|

| | Record required if clock of fsetsare | |

[ | reported in the EPOCH/SATrecords | |

+ + + +
*| SYS /DCBS APPLIED | - Satellite system ( G R E/S) | A1, |

| | - Program name used to appl y | 1X,A17, |

| | differential code bias co rrections |

| | - Source of corrections (UR L) | 1X,A40 |

I I I I

| | Repeat for each satellite s ystem. | |

I I

| | No corrections applied: Bla nk fields or | |

| | record not present. | |
*| SYS/PCVS APPLIED | - Satellite system ( G R E/'S) | A1, |*

| | - Program name used to appl y | 1X,A17, |

| | phase center variation co rrections |

| | - Source of corrections (UR L) | 1X,A40 |

| I | |

| | Repeat for each satellite s ystem. | |

| I

| | No corrections applied: Bla nk fields or | |

| | record not present. | |

+ + + +
*| SYS/SCALE FACTOR | - Satellite system ( G R E/S) | A1, |

| | - Factor to divide stored o bservations | 1X,14, |
| | with before use (1,10,100 ,1000) | |

| | - Number of observation typ esinvolved. | 2X,12, |
| | O or blank: All observati ontypes | |

| | - List of observation types | 12(1X,A3) |

| I |

| | Use continuation line(s) fo rmore than | 10X,

| | 12 observation types. | 12(1X,A3) |

I I I I

| | Repeat record if different factors are | |

| | applied to different observ ation types. | |

I I I I

| | A value of 1 is assumed if recordis | |

| | missing. | |

+ + + +
*| LEAP SECONDS | Number of leap seconds since 6-Jan-1980 | 16 |*
| | as transmitted by the GPS a Imanac. | |

| | Recommended for mixed GLONA SSfiles | |
*| # OF SATELLITES | Number of satellites, for which | 6 |*
| | observations are stored in the file | |
*| PRN /# OF OBS Satellite numbers, number of observations 3X, |*

|

| | for each observation type i ndicated | AL,12.2, |
| | in the SYS/#/OBS TYPES  record. | 9l6 |

I I I

| | If more than 9 observatio n types: | |

| | Use continuation line(s) | 6X,916 |

| I |

| | This record is (these recor ds are) | |

| | repeated for each satellite presentin | |

| | the data file | |

| END OF HEADER | Last record in the header section. | 60X |

Records marked with * are optional

A2

|
|
+
| DESCRIPTION

rinex300_2007_11_28.doc

GNSS Observation Data File - Data Record Desgtion

+
1

TABLE A2

I
GNSS OBSERVATION DATA FILE - DATA RECORD DESCRIPTIO N |

+ +
|  FORMAT|
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EPOCHTrecord | |
I I
- Record identifier : > | AL, |
- Epoch : | |
- year (4 digits) | 1X,14, |
- month,day,hour,min (two digits) | 4(1X,12.2),]
- sec | F11.7, |
- Epoch flag | 2X,11, |
0: OK | |
1: power failure between previous and ¢ urrent epoch | |
>1: Special event |
- Number of satellites observed in current epoch 13, |

|

|
(reserved) | 6X,
- Receiver clock offset (seconds, optional) |

Epoch flag = 0 or 1: OBSERVATIONTrecords follow | |
- Satellite number | Al,12.2, |

- Observation | repeat within record for ea ch observation| m(F14.3, |
- LLI | type (same sequence as give nin the | 11, |
- Signal strength | respective SYS/#/0OBS TYPES record) | 11) |
| |
| This record is repeated for each satellite havin g been | |
| observed in the current epoch. The record length is given by | |
| the number of observation types for this satelli te. | |
| | |
| Observations: Definition see text. | |
| Missing observations are written as 0.0 or blank S | |
I I I
| Phase values overflowing the fixed format F14.3 have to be | |
| clipped into the valid interval (e.g add or subt ract 10**9), | |
| set LLI indicator. | |
I I I
| Loss of lock indicator (LLI). | |
| 0 or blank: OK or not known | |
| Bit O set: Lost lock between previous and curr ent | |
observation: Cycle slip possible. | |
For phase observations only. | |
Bit 1 set : Half-cycle ambiguity/slip possible. | |
Software not capable of handling ha If cycles | |
should skip this observation. | |
Valid for the current epoch only. | |
Signal strength projected into interval 1-9: | |
minimum possible signal strength | |
| |
I I
I I

e e, e e e &

: average S/N ratio
: maximum possible signal strength
or blank: not known, don't care

1
5
9
0
Standardization for S/N values given in dbHz: S eetext. | |

| |
- Epoch flag | [2X,11] |
2: start moving antenna | |
3: new site occupation (end of kinem. data) | |
(at least MARKER NAME record follows) | |
4: header information follows | |
5: external event (epoch is significant, | |
same time frame as observation time tags) | |
I
- "Number of satellites" contains number of sp ecial records | [I3] |
to follow. O if no special records follow. | |
Maximum number of records: 999 | |
I I
For events without significant epoch the epoch fieldsin | [

I

|

|

|

|

|

|

|

|

I

I

| .
| Epoch flag 2-5: EVENT Speci al records may follow | |
|

|

|

|

|

|

I

I

I

I

I

I

| the EPOCH RECORD can be left blank | |
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| _ | |

| Epoch flag = 6: EVENT Cycle slip records follow | |

I I I

| - Epoch flag | [2X,11] |

| 6: cycle slip records follow to optionally r eport | |

| detected and repaired cycle slips (same f ormatas | |

| OBSERVATIONSecords;

| - slip instead of observation; | |

| - LLI and signal strength blank or zero) | |

+ + +

A 3 GNSS Observation Data File - Example
| TABLE A3 |
| GNSS OBSERVATION DATA FILE - EXAMPLE |
----|---1|0---|---2]|0---|---3|0---|---4|0---|---5|0 ---|---6|0---|---7|0---|---8| 0-
3.00 OBSERVATION DATA M RINEX VERSION / TYPE

G =GPS R =GLONASS E = GALILEO S=GEO M = MIX ED COMMENT
XXRINEXO V9.9 AlUB 20060324 14 4333 UTC PGM / RUN BY / DATE
EXAMPLE OF A MIXED RINEX FILE VERSIOIN 3.00 COMMENT
The file contains L1 pseudorange and phase data of the COMMENT
geostationary AOR-E satellite (PRN 120 = S20) COMMENT
A 9080 MARKER NAME
9080.1.34 MARKER NUMBER
BILL SMITH ABC INSTITUTE OBSERVER / AGENCY
X1234A123 GEODETIC 1.3.1 REC #/ TYPE / VERS
G1234 ROVER ANT #/ TYPE

4375274. 587466.  4589095.

.9030 .0000 .0000
0
G 5CI1CL1W L2W C1W S2W
R 2cCiCLiC
E 2L1BLSI
S 2cCilCLiC
18.000

G APPL_DCB xyz.uvw.abc//pub/dcb_gps.dat

APPROX POSITION XYZ
ANTENNA: DELTA H/E/N
RCV CLOCK OFFS APPL

SYS /#/0OBS TYPES
SYS /#/0OBS TYPES
SYS /#/0OBS TYPES
SYS /#/0OBS TYPES

INTERVAL

SYS / DCBS APPLIED

DBHZ SIGNAL STRENGTH UNIT
2006 03 24 13 10 36.0000000 GPS TIME OF FIRST OBS
END OF HEADER
> 2006 03 24 13 10 36.0000000 0 5 -0.1234567 89012
G06 23629347.915 .300 8 -.3534 23629347.158 24.158
G09 20891534.648 -.1209 -.358 6 20891545.292 38.123
G12 20607600.189 -4309 .394 5 20607600.848 35.234
E11 .324 8 1787
S20 38137559.506  335849.135 9
> 2006 03 24 13 10 54.0000000 0 7  -0.1234567 89210
GO06 23619095.450 -53875.6328 -41981.3754 23619095.008 25.234
GO09 20886075.667 -28688.027 9 -22354.5357 20886076.101 42.231
G12 20611072.689 18247.7899 14219.770 6 20611072.410 36.765
R21 21345678.576 12345.567 5
R22 22123456.789 23456.789 5
E11 65432.1235 48861.586 7
S20 38137559.506  335849.135 9
> 2006 03 24 13 11 12.0000000 2 2
*** FROM NOW ON KINEMATIC DATAL! *** COMMENT

TWO COMMENT LINES FOLLOW DIRECTLY THE EVENT R

ECORD COMMENT

25.543
41.824
36.961
15.368

> 2006 3241311 12.0000000 0 4 -0.1234567 89876

G06 21110991.756 16119.980 7 12560.510 4 21110991.441

G09 23588424.398 -215050.557 6 -167571.734 6 23588424.570

G12 20869878.790 -113803.187 8 -88677.926 6 20869878.938

G16 20621643.727 73797.4627 57505.177 2 20621644.276

> 34

A 9081 MARKER NAME
9081.1.34 MARKER NUMBER

.9050 .0000 .0000
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--> THIS IS THE START OF A NEW SITE <--

> 2006 03 24 13 12 6.0000000 0 4  -0.1234569
GO06 21112589.384 24515.877 6 19102.763 4
G09 23578228.338 -268624.234 7 -209317.284 6
G12 20625218.088 92581.207 7 72141.8465

G16 20864539.693 -141858.836 8 -110539.435 2
> 2006 03 24 13 13 1.2345678 5 0
> 4 2

AN EVENT FLAG 5 WITH A SIGNIFICANT EPOCH

COMMENT
87654
21112589.187
23578228.398
20625218.795
20864539.943

COMMENT

AND AN EVENT FLAG 4 TO ESCAPE FOR THE TWO COMMENT LINES COMMENT

> 2006 0324 13 14 12.0000000 0 4 -0.1234560
G06 21124965.133 0.30213 -0.62614
G09 23507272.372 -212616.1507 -165674.789 7
G12 20828010.354 -333820.0936 -260119.3956
G16 20650944.902 227775.1307 177487.6513
> 41

*** _LOST LOCK ON G 06

> 41
END OF FILE
wee|oe- 1|0 [---2| Q- |---3|0-~|---4|0-—|---5|0

12345
21124965.275
23507272.421
20828010.129
20650944.363

COMMENT

COMMENT
|60 70|

A7

25.478
41.725
35.143
16.345

27.528
42.124
37.002
18.040

A4  GNSS Navigation Message File - Header Sectiore&ription
| TABLE A4 |
| GNSS NAVIGATION MESSAGE FILE - HEADER SECTION DESCRIPTION |
| HEADER LABEL | DESCRIPTION | FORMAT |
| (Columns 61-80) | | |
+ + + +
| RINEX VERSION /TYPE |- Format version : 3.00 | F9.2,11X, |
| | - File type (' N for navigation data) | A1,19X, |
| | - Satellite System: G GPS | AL1,19X |
| [ R: GLONASS | |
| | E: Galileo | |
| | S: SBAS Payload | |
| [ M Mixed | |
+ + + +
| PGM/RUN BY /DATE |- Name of program creating current file | A 20, |
| | - Name of agency creating currentfile | A20, |
| | - Date and time of file cre ation | |
| | Format: yyyymmdd hhmmss z one | A20 |
| | zone: 3-4 char. code fo r time zone. | |
| | ' UTC' recommended! | |
| | LCL ' if local time with un- | |
| | known local tim e system code | |
+ + + +
* COMMENT | Comment line(s) | A60 [*
+ + + +

*| IONOSPHERIC CORR | lonospheric correction parameters |

|*

GAUT= GAL to UTC a0, al | |
GPUT= GPS to UTC a0, al | |

GLUT= GLO to UTC a0=TauC, al=zero | |
GPGA= GPS to GAL a0=A0G, al=AlG | |

*

| | - Correction type | A4,1X, |
| | GAL = Galileo ai0 — ai2 | |

| | GPSA= GPS alphaO - alpha3 | |

| | GPSB=GPS beta0 - beta3 | |

| | - Parameters | 4D12.4 |
| | GPS: alpha0-alpha3 or be ta0-beta3 | |
| | GAL: ai0, ail, ai2, zero | |
*| TIME SYSTEM CORR | Corrections to transform the system time |

| | to UTC or other time system (S | |

| Correction type | A4,1X, |
I

I

I

I

I

I

| -

|

| SBUT= SBAS to UTC a0, al | |
|

| GLGP= GLO to GPS a0=TauGPS, al=zero |
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+

a0,al Coefficients of 1-d
(a0 sec, al sec/sec
CORR(s) = a0 + al1*D
T Reference time for pol
(Seconds into GPS/GAL
W Reference week number
(GPS/GAL week, continu
T and W zero for GLONASS.

*lL

+— +—

Appendix

A8

eg polynomial | D17.10, |
| D16.9, |

)
ELTAT

ynomial
week)

ous number) | |

I I
| 1X,A5,1X |

S EGNOS WAASor MSAS..
(left-justified) | |
Derived from MT17 serv ice provider. | |
If not known: Use Snn with | |
nn = PRN-100 of sate llite | |
broadcasting th e MT12 | |
U UTC Identifier (O if un known) | 12,2X |
1=UTC(NIST), 2=UTC(USNO ), 3=UTC(SU), | |
4=UTC(BIPM), 5=UTC(Euro pe Lab), | |
6=UTC(CRL), >6 = not as signed yet | |
S and U for SBAS only. | |
EAP SECONDS | Number of leap seconds since 6-Jan-1980 | 16 |*
| as transmitted by the GPS a Imanac. | |
+ + +
[ 60X |

END OF HEADER | Last record in the header section.
+

Records marked with * are optional

A5

GNSS Navigation Message File — GPS Data Recdp@scription

| TABLE A5 |

| GNSS NAVIGATION MESSAGE FILE — GPS DATA RECORD DESCRIPTION |

| OBS. RECORD | DESCRIPTION | FORMAT |

+ + + +

| SV/EPOCH/SV CLK | - Satellite system ( G), sat number (PRN)| AL,12.2, |

| | - Epoch: Toc - Time of Cloc k (GPS)| |

| | - year (4 digits) 1X,14,

| | - month,day,hour,minute, second | 5(1X,12.2),|

| | - SV clock bias (seco nds) | 3D19.12 |

| | - SV clock drift ~ (sec/ sec) | |

| | - SV clock drift rate (sec/ sec2) | % |

+ + + +

| BROADCAST ORBIT - 1 | - IODE Issue of Data, Ephemeris | 4X,4D1 9.12 |

| |- Crs (me ters) | |

| | - Delta n (ra dians/sec) | ***) |

| | - MO (ra dians) | |

| BROADCAST ORBIT -2 | - Cuc (radians) | 4X,4D1 9.12 |

| | - e Eccentricity | |

| | - Cus (ra dians) | [

I | - sart(A) (sq t(m) | I

+ + + +

| BROADCAST ORBIT - 3 | - Toe Time of Ephemeris (sec of GPS week)| 4X,4D1 9.12 |

| | - Cic (ra dians) | |

| | - OMEGAO (ra dians) | |

| | - Cis (ra dians) | |

| BROADCAST ORBIT-4 |-i0 (radians) | 4X,4D1 9.12 |

| | - Crc (me ters) | |

| | - omega (ra dians) | |

| | - OMEGA DOT (ra dians/sec) | |

| BROADCAST ORBIT -5 |- IDOT (radians/sec) | 4X,4D1 9.12 |

| | - Codes on L2 channel | |

| | - GPS Week # (to go with TO E) | |

| | Continuous number, not mo d(1024)! | |

| | - L2 P data flag | |

+ + + +

| BROADCAST ORBIT - 6 | - SV accuracy (meters) | 4X,4D1 9.12 |
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| | - SV health (bits 1 7-22 w 3 sf 1)| |
| | - TGD (se conds) | |
| | - IODC Issue of Data, Clock | |
+ + + +
| BROADCAST ORBIT - 7 | - Transmission time of message **) | 4X,4D1 9.12 |
| | (sec of GPS week, d erived e.g. | |
| | from Z-count in Hand Ove r Word (HOW) | |
| | - Fit interval (ho urs) | |
| | (see ICD-GPsS-200, 2 0.3.44) | |
| | Zero if not known | |
I | - spare I I
| | - spare | |

+ + +
t t t

*) In order to account for the various compilerse, B, and d are allowed letters between the fraciod exponent of
all floating point numbers in the navigation messéigs. Zero-padded two-digit exponents are reggljihowever.

**) Adjust the Transmission time of messalg + or - 604800 to refer to the reported weeBROADCAST ORBIT -
5, if necessary. Set value to 0.9999E9 if not known

A6 GPS Navigation Message File — Example

TABLE A6

+

I I

| GPS NAVIGATION MESSAGE FILE - EXAMPLE |
+

w+eo|-=-1]0--+|=-2] 0~~~ ---3|0---|-~-4]0---]---5|0

3.00 N: GNSS NAV DATA G: GPS
XXRINEXN V3 AlUB 19990903 15
EXAMPLE OF VERSION 3.00 FORMAT
GPSA .1676D-07 .2235D-07 .1192D-06 .1192D-
GPSB .1208D+06 .1310D+06 -.1310D+06 -.1966D+
GPUT .1331791282D-06 .107469589D-12 552960 1025

13

G06 1999 09 02 17 51 44 -.839701388031D-03 -.165982
.910000000000D+02 .934062500000D+02 .116040
.484101474285D-05 .626740418375D-02 .652112
.409904000000D+06 -.242143869400D-07 .329237
.111541663136D+01 .326593750000D+03 .206958
.307155651409D-09 .000000000000D+00 .102500
.000000000000D+00 .000000000000D+00 .000000
.406800000000D+06 .000000000000D+00

G13 1999 09 02 19 00 00 .490025617182D-03 .204636
.133000000000D+03 -.963125000000D+02 .146970
-.498816370964D-05 .200239347760D-02 .928156
.414000000000D+06 -.279396772385D-07 .243031
.110192796930D+01 .271187500000D+03 -.232757
-.785747015231D-11 .000000000000D+00 .102500
.000000000000D+00 .000000000000D+00 .000000
.410400000000D+06 .000000000000D+00

w+eo|-=-1]0--+|=-2] 0+~ ---3|0---|-~-4]0---]---5|0

Ju

w6070~~~

RINEX VERSION / TYPE
2236 UTC PGM / RUN BY / DATE

COMMENT
06 IONOSPHERIC CORR
06 IONOSPHERIC CORR

TIME SYSTEM CORR

LEAP SECONDS

END OF HEADER
783074D-10 .000000000000D+00
547840D-08 .162092304801D+00
066746D-05 .515365489006D+04
003460D+00 -.596046447754D-07
726335D+01 -.638312302555D-08
000000D+04 .000000000000D+00
000000D+00 .910000000000D+02

307899D-11 .000000000000D+00
407622D-08 .292961152146D+01
077862D-05 .515328476143D+04
939942D+01 -.558793544769D-07
915425D+01 -.619632953057D-08
000000D+04 .000000000000D+00
000000D+00 .389000000000D+03

w60} 70|~

A7 GNSS Navigation Message File — GALILEO Data Rerd Description

+
OBS. RECORD |
+
SV /EPOCH / SV CLK | - Satellite system (
| - Epoch: Toc - Time of Cloc
| - year (4 digits)
| - month,day,hour,minute,

DESCRIPTION

e e e

rinex300_2007_11_28.doc

TABLE A7 [
GNSS NAVIGATION MESSAGE FILE - GALILEO DATA RECORD DESCRIPTION

4L

+ +
FORMAT |
+ +
E), satellite number | A1,12.2, |
k GAL| |
1X,14,
second | 5(1X,12.2),|
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| | - SV clock bias (seco nds) af0|] 3D19.12 |

| | - SV clock drift ~ (sec/ sec) afl| |

| | - SV clock drift rate (sec/ sec2) af2| *) |

| | (see Br. Orbi t - 5, data source, bits 8+9)| |

+ + + +

| BROADCAST ORBIT -1 | - IODnav Issue of Data of the nav batch | 4X,4D1 9.12 |

| | - Crs (mete rs) | |

| | - Delta n (radi ans/sec) | ***) |

| | - MO (radi ans) | |

+ + + +

| BROADCAST ORBIT - 2 | - Cuc (radians) | 4X,4D1 9.12 |

| | - e Eccentricity | |

| | - Cus (radi ans) | |

| | - sqrt(a) (sart m | |

| BROADCAST ORBIT - 3 | - Toe Time of Ephemeris (sec of GAL week)| 4X,4D1 9.12 |

| | - Cic (radi ans) | |

| | - OMEGAO (radi ans) | |

| | - Cis (radi ans) | |

| BROADCAST ORBIT-4 |-i0 (radians) | 4X,4D1 9.12 |

| | - Crc (mete rs) | |

| | - omega (radi ans) | |

| | - OMEGA DOT (radi ans/sec) | |

+ + + +

| BROADCAST ORBIT -5 |- IDOT (radians/sec) | 4X,4D1 9.12 |

| | - Data sources (FLOAT --> | NTEGER) | |

[ | BitO set: IINAV E1-B | |

| | Bit 1 set: F/NAV E5a-I | |

[ | Bit 2 set: I/NAV E5b-I |

| | Bit 8 set: af0-af2, Toc a re for E5a,E1 | |

| | Bit9 set: af0-af2, Toc a re for E5b,E1 | |

| | - GAL Week # (to go with To e) | )|

I | - spare I I

+ + + +
BROADCAST ORBIT - 6 | - SISA Signal in space accuracy (meters) | 4X,4D1 9.12 |

| - SV health (FLOAT converte d to INTEGER) | |

| Bit 0:E1BDVS |
| Bits 1-2: E1B HS |
| Bit 3:E5aDVS |
| Bits 4-5: E5a HS |
| Bit 6:E5bDVS |
I |
|_

Bits 7-8: E5b HS

BGD E5a/E1l (seco nds) | |
BGD E5b/E1 (seco nds) | |
| BROADCAST ORBIT - 7 | - Transmission time of message **) | 4X,4D1 9.12 |
| | (sec of GAL week, d erived | |
| | from WN and TOW of page type 1) | |
I | - spare I I
I | - spare I I
I | - spare I I

+ + +
t t t

*) In order to account for the various compilerse, B, and d are allowed letters between the fraciod exponent of
all floating point numbers in the navigation messéigs. Zero-padded two-digit exponents are reggljihnowever.

**) Adjust the Transmission time of messalgg + or - 604800 to refer to the reported weeBROADCAST ORBIT -
5, if necessary. Set value to 0.9999E9 if not known

***) Angles and their derivatives transmitted initsnof semi-circles and semi-circles/sec have teadmverted to radi-
ans by the RINEX generator.

****¥) The GAL week number is a continuous numbeligaed to (and hence identical to) the continuoudSGrveek
number used in the RINEX navigation message filé® broadcast 12-bit Galileo System Time week hedlaver
after 4095. It started at zero at the first GP&aweér (continuous GPS week 1024). Hence GAL wedkST week +
1024 + n*4096 (n: number of GST roll-overs).
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A 8 GALILEO Navigation Message File — Example

+ +
| TABLE A8
| GALILEO NAVIGATION MESSAGE FILE - EXAMPLE |
o3[O r-2]0-wf--3{0-=-|+4{0--|---5[0 e --B]0-- =708

3.00 N: GNSS NAV DATA E: GALILEO RINEX VERSION / TYPE
XXRINEXN V3 AlUB 20060902 19 2236 UTC PGM / RUN BY / DATE
EXAMPLE OF VERSION 3.00 FORMAT COMMENT

To be supplied later

o3[O e-2]0-wf-3]0+~-|+4{0--|---5[0 e -B]0-- =708

A9 GNSS Navigation Message File — GLONASS Data Red Description

+ +

| TABLE A9 |

| GNSS NAVIGATION MESSAGE FILE — GLONASS DATA RECORD DESCRIPTION

| OBS. RECORD | DESCRIPTION | FORMAT |

| SV/EPOCH /SV CLK | - Satellite system ( R), satellite number | Al1,12.2, |

| | (slot number in sat. c onstellation) | |

| | - Epoch: Toc - Time of Cloc k (UTC)| |

| | - year (4 digits) | 1X,14, |

| | - month,day,hour,minute, second | 5(1X,12.2),|

| | - SV clock bias (sec) (-TauN)| 3D19.12 |

| | - SV relative frequency bia s (+GammaN)| |

| | - Message frame time (tk+nd*86400)] *) |

| | in seconds of the UTC wee k | |

+ + + +

| BROADCAST ORBIT -1 | - Satellite position X  (km) | 4X,4D1 9.12|
| | - velocity X dot (km/sec) | |

| | - X acceleration (km/sec2) | |

| | - health (0=0K) (Bn)| |

| BROADCAST ORBIT - 2 | - Satellite position Y  (km) | 4X,4D1 9.12 |
| | - velocity Y dot (km/sec) | |

| | - Y acceleration (km/sec2) | |

| | - frequency numbe r(-7..+12) | |

+ + + +

| BROADCAST ORBIT - 3 | - Satellite position Z  (km) | 4X,4D1 9.12|
| | - velocity Z dot (km/sec) | |

| | - Z acceleration (km/sec2) | |

| | - Age of oper. information (days) (E) | |

+ + + +

*) In order to account for the various compilerse, B, and d are allowed letters between the fraciod exponent of
all floating point numbers in the navigation messéigs. Zero-padded two-digit exponents are reggljihowever.

A 10 GNSS Navigation Message File — Example: MixgdPS / GLONASS

| TABLE A10 |

| GNSS NAVIGATION MESSAGE FILE — EXAMPLE MIXED GPS/GL ONASS |
+ +
----|---1|0---|---2|0---|---3|0---|---4]|0---|---5|0 -=-|---6|0------7|0---|---8]

3.00 N: GNSS NAV DATA  M: MIXED RINEX VERSION / TYPE
XXRINEXN V3 AIUB 20061002 00 0123 UTC PGM / RUN BY / DATE
EXAMPLE OF VERSION 3.00 FORMAT COMMENT
GPSA 0.1025E-07 0.7451E-08 -0.5960E-07 -0.5960E- 07  IONOSPHERIC CORR
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GPSB 0.8806E+05 0.0000E+00 -0.1966E+06 -0.6554E+ 05 IONOSPHERIC CORR

GPUT 0.2793967723E-08 0.000000000E+00 147456 1395 TIME SYSTEM CORR

GLUT 0.7823109626E-06 0.000000000E+00 0 1395 TIME SYSTEM CORR
14 LEAP SECONDS

END OF HEADER

G01 2006 10 01 00 00 00 0.798045657575E-04 0.227373 675443E-11 0.000000000000E+00
0.560000000000E+02-0.787500000000E+01 0.375658 504827E-08 0.265129935612E+01
-0.411644577980E-06 0.640150101390E-02 0.381097 197533E-05 0.515371852875E+04
0.000000000000E+00 0.782310962677E-07 0.188667 086536E+00-0.391155481338E-07
0.989010441512E+00 0.320093750000E+03-0.178449 589759E+01-0.775925177541E-08
0.828605943335E-10 0.000000000000E+00 0.139500 000000E+04 0.000000000000E+00
0.200000000000E+01 0.000000000000E+00-0.325962 901115E-08 0.560000000000E+02
-0.600000000000E+02 0.400000000000E+01

G02 2006 10 01 00 00 00 0.402340665460E-04 0.386535 248253E-11 0.000000000000E+00
0.135000000000E+03 0.467500000000E+02 0.478269 921862E-08-0.238713891022E+01
0.250712037086E-05 0.876975362189E-02 0.819191 336632E-05 0.515372778320E+04
0.000000000000E+00-0.260770320892E-07-0.195156 738598E+01 0.128522515297E-06
0.948630520258E+00 0.214312500000E+03 0.215165 003775E+01-0.794140221985E-08
-0.437875382124E-09 0.000000000000E+00 0.139500 000000E+04 0.000000000000E+00
0.200000000000E+01 0.000000000000E+00-0.172294 676304E-07 0.391000000000E+03
-0.600000000000E+02 0.400000000000E+01

R0O1 2006 10 01 00 15 00-0.137668102980E-04-0.454747 350886E-11 0.900000000000E+02
0.157594921875E+05-0.145566368103E+01 0.000000 000000E+00 0.000000000000E+00
-0.813711474609E+04 0.205006790161E+01 0.931322 574615E-09 0.700000000000E+01
0.183413398438E+05 0.215388488770E+01-0.186264 514923E-08 0.100000000000E+01

R02 2006 10 01 00 15 0-0.506537035108E-04 0.181898 940355E-11 0.300000000000E+02
0.155536342773E+05-0.419384956360E+00 0.000000 000000E+00 0.000000000000E+00
-0.199011298828E+05 0.324192047119E+00-0.931322 574615E-09 0.100000000000E+01
0.355333544922E+04 0.352666091919E+01-0.186264 514923E-08 0.100000000000E+01

--=-|---1/0---|---2|0---|---3|0---|---4]0---|---5|0 -=-|---6|0---|---7|0---|---8|

A 11 GNSS Navigation Message File — SBAS Data Reddbescription

+
t

| TABLE A1l |
| GNSS NAVIGATION MESSAGE FILE — SBAS DATA RECORD DESCRIPTION |

| OBS. RECORD | DESCRIPTION | FORMAT |
| SV/EPOCH /SV CLK | - Satellite system ( S), satellite number | A1,12.2, |

| | (slot number in sat. c onstellation) | |

| | - Epoch: Toc - Time of Cloc k (UTC)| |

| | - year (4 digits) | 1X,14, |

| | - month,day,hour,minute, second | 5(1X,12.2),|

| | - SV clock bias (sec) (aGf0)] 3D19.12, |

| | - SV relative frequency bia S (aGfl)| |

| | - Transmission time of mess age )

| | (start of the message) | |

| | in GPS seconds of the w eek | |

+ + + +

| BROADCAST ORBIT - 1 | - Satellite position X  (km) | 4X,4D1 9.12 |
| | - velocity X dot (km/sec) | |

| | - X acceleration (km/sec2) | |

| | - health (0=0OK) | |

+ + + +

| BROADCAST ORBIT - 2 | - Satellite position Y (km) | 4X,4D1 9.12 |
| | - velocity Y dot (km/sec) | |

| | - Y acceleration (km/sec2) | |

| | - Accuracy code (URA, meters)| |

+ + + +

| BROADCAST ORBIT - 3 | - Satellite position Z  (km) | 4X,4D1 9.12 |
| | - velocity Z dot (km/sec) | |

| | - Z acceleration (km/sec2) | |

| | - IODN (Issue of Data Navig ation, DO229, | |

| | 8 first bits after Message Type if MT9) | |

*) In order to account for the various compilerse B, and d are allowed letters between the fracaitd exponent of
all floating point numbers in the navigation messéigs. Zero-padded two-digit exponents are reggljihowever.
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A 12 SBAS Navigation Message File - Example

| TABLE A12
| SBAS NAVIGATION MESSAGE FILE - EXAMPLE |

wecfee-1|0x-x|-=-2]0-+[--3|O---|---4]0--|---5|0

3.00 N: GNSS NAV DATA S: SBAS
SBAS2RINEX 3.0 CNES 20031018 14
EXAMPLE OF VERSION 3.00 FORMAT
SBUT -.1331791282D-06 -.107469589D-12 552960 1025

13
This file contains navigation message data from a S
(geostationary) satellite, here AOR-W (PRN 122 = #

S22 20031018 0 1 4-1.005828380585D-07 6.366462
2.482832392000D+04-3.593750000000D-04-1.375000
-3.408920872000D+04-1.480625000000D-03-5.000000
-1.650560000000D+01 8.360000000000D-04 6.250000
S22 2003 10 18 0 5 20-9.872019290924D-08 5.456968
2.482822744000D+04-3.962500000000D-04-1.375000
-3.408958936000D+04-1.492500000000D-03-5.000000
-1.628960000000D+01 8.520000000000D-04 6.250000
S22 2003 10 18 0 9 36-9.732320904732D-08 4.547473
2.482812152000D+04-4.325000000000D-04-1.375000
-3.408997304000D+04-1.505000000000D-03-5.000000
-1.606960000000D+01 8.800000000000D-04 6.250000
S22 2003 10 18 0 13 52-9.592622518539D-08 4.547473
2.482800632000D+04-4.681250000000D-04-1.375000
-3.409035992000D+04-1.518125000000D-03-3.750000
-1.584240000000D+01 8.960000000000D-04 6.250000

wecfee-1|0x--|-=-2]0-+|--3|O---|---4]0--|---5|0

+
t

e -B]0----<7]0---|--8]

RINEX VERSION / TYPE

PGM / RUN BY / DATE
COMMENT
EGNOS 5 TIME SYSTEM CORR
LEAP SECONDS

COMMENT

COMMENT
END OF HEADER
912410D-12 5.184420000000D+05
000000D-07 0.000000000000D+00
000000D-08 4.000000000000D+00
000000D-08 2.300000000000D+01
210638D-12 5.186940000000D+05
000000D-07 0.000000000000D+00
000000D-08 4.000000000000D+00
000000D-08 2.400000000000D+01
508865D-12 5.189510000000D+05
000000D-07 0.000000000000D+00
000000D-08 4.000000000000D+00
000000D-08 2.500000000000D+01
508865D-12 5.192110000000D+05
000000D-07 0.000000000000D+00
000000D-08 4.000000000000D+00
000000D-08 2.600000000000D+01

0100

BAS
S22)

o]0 7]0---|--8]

A 13 Meteorological Data File - Header Section Desption

+
1

| TABLE A13
| METEOROLOGICAL DATA FILE - HEADER SECTION DESCRIPTI ON |
| HEADER LABEL | DESCRIPTION | FORMAT |
| (Columns 61-80) | | |
| RINEX VERSION / TYPE |- Format version : 211 | F9.2,11X, |
| | - File type: Mfor Meteorological Data | A1,39X |
+ + + +
| PGM/RUN BY /DATE |- Name of program creating current file | A 20, |
| | - Name of agency creating currentfile | A20, |
| | - Date of file creation |  A20 |
+ + + +
* COMMENT | Comment line(s) | A60 |*
+ + + +
| MARKER NAME | Station Name | A60 |
| | (preferably identical to MARKER NAME | |
| | the associated Observation File) | |
*| MARKER NUMBER | Station Number A20 |*
| | (preferably identical to MARKER NUMBER| |
| | the associated Observation File) | |
+ + + +
| #/TYPES OF OBSERV | - Number of different observation types | | 6, |
| | stored in the file | |
| | - Observation types | 9(4X,A2) |
I I
| | The following meteorologica | observation | |
| | types are defined in RINEX Version 2: | |
|

| PR: Pressure (mbar)
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TD: Dry temperature (deg Celsius)
HR: Relative humidity (percent)
ZW : Wet zenith path delay (mm)
(for WVR data)

|

|

|

| ZT : Total zenith path delay (mm)
| WD: Wind azimuth (deg) |
|  from where the wind bl

[ WS: Wind speed (m/s)

I

I

I

|

|

|

accumulation since las
HI : Hail indicator |
non-zero: Hail detecte
measurement

| The sequence of the types i
| must correspond to the sequ
| measurements in the data re

| If more than 9 observation
| being used, use continuatio
| format (6X,9(4X,A2))

+

SENSOR MOD/TYPE/ACGC Description of the met sensor |
Model (manufacturer)
Type

Accuracy (same units as o
Observation type

| Record is repeated for each
| type found in

SENSOR POS XYZ/H | Approximate position of the met sensor
| - Geocentric coordinates X,
| - Ellipsoidal height H
| - Observation type
| Set X,Y,Z to zero if not kn
| Make sure H refers to ITRF
| Record required for baromet
| recommended for other senso
+
END OF HEADER

| Last record in the header section. |

1 0= ity e —Ie—IEIE eI I, e eI eI e

ZD: Dry component of zen.path delay (mm)|

Al4
I I

ows | |

RI : "Rain increment" (1/10 mm): Rain | |

t measurement | |

d since last | |

n this record | |
ence of the | |
cords | |

| |
types are | |
n lines with | |

4L

| A20, |

| A20,6X, |
bs values) | F7.1,4X, |

| A2,1X |
observation | |

#/TYPES OF OBSERV record | |

| |
Y,Z (ITRF | 3F14.4, |
or WGS-84)| 1F14.4, |
| 1X,A2,1X |
own. |
or WGS-84! | |
er, I I
rs. I I

Records marked with * are optional

A 14 Meteorological Data File - Data Record Descrijpn

TABLE A14

+

OBS. RECORD| DESCRIPTION |

I

I

I

| EPOCH/MET |- Epochin GPS time (not local time!) |
| | year (2 digits, padded with O

| month,day,hour,min,sec

I
I
I
I
I
I
I
I
I

The 2-digit years are understood
80-99: 1980-1999 and 00-79:

|
I
I
| .
| - Met data in the same sequence as
| header

I

| More than 8 met data types: Use co
| lines

+ +

+
t

|
METEOROLOGICAL DATA FILE - DATA RECORD DESCRIPTION |

+
t

FORMAT |

+
t

if necessary) | 1X,12.2, |
| 5(1X,12), |
I I

to represent | |
2000-2079 | |

I I
giveninthe| mF7.1 |

I
ntinuation |4X,10F7.1,3X]|

+ +

A 15 Meteorological Data File - Example
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A15
| TABLE A15 |

| METEOROLOGICAL DATA FILE - EXAMPLE |

+ +
=-=|---1|0--+|---2|0---|---3|0---|---4]|0---|---5|0 ==[---6|0--|---7|0---|---8]

2.11 METEOROLOGICAL DATA RINEX VERSION / TYPE
XXRINEXM V9.9  AIUB 1996-04-02 00:10:12 PGM / RUN BY / DATE
EXAMPLE OF A MET DATA FILE COMMENT
A 9080 MARKER NAME

3 PR TD HR #/ TYPES OF OBSERV
PAROSCIENTIFIC ~ 740-16B 0 2 PR SENSOR MOD/TYPE/ACC
HAENNI 0 1 TD SENSOR MOD/TYPE/ACC
ROTRONIC -240W 5 .0 HR SENSOR MOD/TYPE/ACC

0.0 0.0 00 1234 5678 PR SENSOR POS XYZ/H
END OF HEADER
96 4 10015 987.1 10.6 89.5
96 4 1 0 030 987.2 10.9 90.0
96 4 1 0 045 987.1 11.6 89.0
=-=|---1|0--+|---2|0---|---3|0---|---4]|0---|---5|0 ==~[---6|0--|---7|0--|---8]
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