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0. | NTRODUCTI ON

Thus far, the 1GS has produced clock results only for the GPS satellites
and these are tabulated and distributed at the 15-m nute intervals used
in the sp3 orbit ephenmerides files. There is nuch interest in increasing
the satellite clock interval to 30 seconds (e.g., to overcone SA effects
on interpolation) and also in producing station clock results (at sone
appropriate interval, probably 5 mnutes). |In principle, the sp3 fornmat
coul d continue to be used for both of these extensions, but it would be
wast ef ul considering that the vast mpjority of the file space is set
aside for orbit information. Also, the variety of other clock
informati on that al so needs to be exchanged does not lend itself to the
sp3 format.

Alternatively, the I GS could devise a new format specifically for
distributing clock information. It does not appear that the timng
community already uses a standard data format that is well suited for the
I GS needs.

1. CLOCK DATA TYPES

At the level of nonitoring and reporting data froma specific GPS station
(or nore generally, a "receiver", which could include | ow Earth-orbiting
satellites and other non-stationary platforns) the foll owi ng types of
observations can be expected:

calibration data (CR): tine delay neasurenents between a GPS

recei ver and sone external reference point
(e.g., local master clock)

discontinuity data (DR): a phase-tracking GPS receiver (e.g., AOA
Tur boRogue) mai ntains an internal clock that
sonetines will reset itself; in principle,
there may be nethods to nonitor such changes
whi ch could then be logged as a rel ative
change in clock state

From anal ysis of GPS data, the results for an ensenbl e of receiver and
satellite clocks can be determined differentially. Normally, all clock
val ues are estimated relative to a single clock being held fixed as a
reference. Alternatively, a linear conbination of the estinmated cl ocks
can be held fixed to sonme apriori value (nornally, zero). Either way,
all the clock values can be re-aligned after estinmation to renove the



effect of the particular choice of reference clock, which can change for
each data analysis arc. Such re-alignnent is nost commonly done using
broadcast GPS time for the satellites as an underlying tinmescale, typically
fitted to a loworder polynomial. 1In any case, the data are:

anal ysis data (AR AS): results from GPS phase/ pseudorange data
anal ysis for a network of station/receiver
(AR) and satellite (AS) clocks, all relative
to a fixed reference clock (or ensenble)
adopted in the analysis

If a tinmescale re-alignnent has been applied (e.g., to GPS tine), then
the analysis reference clock will have non-zero val ues (but should stil
be reported as the reference in the header records) and these nust be
reported together with all other estinmated clocks in the clock data
records. 1In this case, the nethod of re-alignnent should be described
in the header comment records.

In addition, the broadcast clocks of the satellites can be nonitored and
compared to a | aboratory standard:

monitor data (MS): broadcast values for satellite clocks as
compared with a |l aboratory standard via
moni tor receivers (usually timng receivers)

2. FORVAT TYPES AND FI LE NAM NG

Fol | owi ng established practice, the receiver-specific data ("CR' and "DR')
coul d be reported using an extension of the RINEX format while the analysis
data ("Ax" and "MS") could be reported using an extension to a standard
product format, such as SINEX. However, since all of these data types are
rel ated and probably need sinilar format requirenents, it seens nore
economi cal to consider a single file format type suitable for all

RI NEX seens the nobst appropriate file type, even though it is not normally
used for analysis products. Wen it becones feasible and necessary to
include clock estimates with other analysis products, then suitable

formats can be incorporated into SINEX. Until then, it is suggested that

a RINEX format extension be used for all clock/timng results. Normally,
"CR' and "DR' data types would be collected at the stations, files would be
prepared at the data centers, and the files would flow to the d obal Data
Centers naned as:

for calibration data (CR) & discontinuity data (DR

ssssdddf. yyC SSSS: 4-character station/receiver name
desi gnat or
ddd: day of the year of first record
f: file sequence nunber wi thin day

0: file contains all the existing
data of the current day
yy: year
C file type "C'" for clock infornation

The suffix "C' would be a new RINEX file type. Normally, data would be
conpiled into files by each 24-hour day (GPS tine).

The analysis results "AR', "AS", and "M5" would be formed at | GS Anal ysis
Centers or by IGS/BIPMPilot Project analysis groups and would nornally
include results for a nunmber of stations/receivers and/or satellites.



These files would be naned as:

for analysis data (Ax) & nonitor data (M)

cccwwwwd. ¢l k ccc: 3-character analysis center nane
desi gnat or
VWMWY, GPS week number
d: day within GPS week (0 - 7)
cl k: suffix to identify clock infornmation

product files
Files could be either daily (d =0,...,6) or weekly (d = 7).

However, despite the file nanes, a single format for the contents woul d
apply for all data types.

3. NUMERI CAL PRECI SI ON

Al timng quantities (units sec, sec/sec, sec/sec**2) are reported in
exponential format with a precision of 12 deci mal pl aces.

4. CLOCK DI SCONTI NUI TI ES

Clock discontinuities (in bias, rate, and/or acceleration) could be
reported in either of two ways. |If nonitored in situ and |ogged, these
could be reported as "DR' data types in .yyC station files. |If detected
in data analysis, these can be reported in .clk files as two "AR' data
records for the same station at the sane epoch but with two different
sets of clock val ues.

5. RECEI VER AND SATELLI TE NAMES

Since the clock data are nornally used in conjunction with data anal ysis
results (even for the calibration and discontinuity data types), it is
nmost convenient to use nam ng conventions for the receivers and
satellites which correspond to the sanme nanmes used in analyses. |n order
to ensure uni queness and conplete identification, it is also necesssary
to supply the receiver ID nunber (for fixed terrestrial receivers, the
DOMVES nunber issued by the Terrestrial Frame Section of the I1ERS). Thus,
receivers should be identified by:

Station nanes: I GS official 4-character receiver nane desi gnhator
Station nunber: DOVES nunber (or other unique identifier)

For satellite nanes, the follow ng designations are used in R NEX

Satellite nanes: 3-character string
"Gn": nn is the PRN nunber for GPS

satellites
"Rnn": nn is the al manac nunber for

GLONASS satellites

If other satellite transmtters becone available with suitable GPS- or
GLONASS-1i ke signals, such as the geostationary platforns currently
bei ng considered, then they can al so be included using future RI NEX
nanmi ng conventi ons.



6. RINEX CLOCK FORMAT

The header recorders should be included in the order

DEFI NI TI ONS AND EXAMPLES

required. The records below marked with * are optional

i ndi cated, when

It is recommended that each record be read into a blank buffer string
and then the informati on can be decoded afterwards fromthe buffer.

Header and data records are limted to 80 characters.

If nore than

bi as and bias signma are reported, a continuation |ine nust be used.

A data file must begin with the header records.

Data records begin

i mredi ately after the "END OF HEADER' record and conpl ete the remai nder

of the data file.

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e mm e —mm =
| TABLE Al15

| CLOCK DATA FI LE - HEADER SECTI ON DESCRI PTI ON

o e e e e oo T

| HEADER LABEL | DESCRI PTI ON

| (Columms 61-80)

o e e e e oo T

| RINEX VERSION / TYPE| - Format version (2.00)

| - File type ("C' for O ock Data)

o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ==
| - Name of programcreating current file

| - Name of agency creating current file

| - Date of file creation

o e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e ==

VWil e conmrents are generally optional,
they nust be included for the follow ng
i nfornation:

SATELLI TE ANTENNA PHASE CENTER OFFSETS
The vector offset used in data anal ysis
for the separation of the satellite

ant enna phase centers and the satellite
centers of mass rmust be known. A change
inthe Z-direction will appear as a shift
in the satellite clock estimates. By
agreenment anmong the |1 GS Anal ysis Centers,
the 1GS Z-of fsets are given below and a

be i ncl uded:

* REQUI RED for data types "Ax"

Tl MESCALE RE- ALI GNIVENT

If estimated cl ock val ues have been
uniformy shifted in tinescale, e.g., to
GPS tinme, the nmethod applied should be
noted here. 1In addition, non-zero clock
val ues shoul d be reported in the clock
data records for the anal ysis reference

COWENT record of this type should al ways|

Al, 39X

CLK ANT Z-OFFSET(M: I1/11A 1.023; IIR 0.000



| # | TYPES O DATA

| STATI ON NAME /' NUM

| STATI ON CLK REF

| ANALYSI S CENTER

clock, corresponding to the alignnent
correction applied to all the receiver
and satellite clocks. The analysis

ref erence clock should still be |isted
as "ANALYSI S CLK REF" even though it
wi | | have non-zero val ues.

* REQUI RED for data types "Ax", if
appl i cabl e

Nunber of | eap seconds since 6-Jan-1980
Recomrended as an aid to convert from
GPS tinme to UTC

- Nunber of different clock data types
stored in the file
- List of clock data types

The followi ng clock data types are
defined in RI NEX Version 2:

"AR': Data analysis results for receiver

cl ocks derived froma set of
network receivers and satellites
wt to a reference clock fixed in
the anal ysis

"AS": Data analysis results for satellite

cl ocks derived froma set of
network receivers and satellites
wt to a reference clock fixed in
the anal ysis

"CR': Calibration neasurenents for a
single GPS receiver wt an
external local reference clock

"DR': Discontinuity neasurenents for a
single GPS receiver

"MS": Mbnitor neasurenents for the
broadcast satellite clocks wt a
standard tinescal e

- 4-character receiver nanme designator

- Unique receiver identifier,
preferably the DOVES nunber for
fixed stations

* REQUI RED for data types "CR' & "DR'

Uni que identifier for external
reference cl ock being used as the
standard for calibration

* REQUI RED for data type "CR"

Nanme of Analysis Center
- 3-character I GS AC desi gnat or
- Full nane of Analysis Center
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| # OF CLK REF
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

| ANALYSI S CLK REF
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

| # OF SOLN STA / TRF
I

* REQUI RED for data types "Ax" & "M

- Nunber of analysis clock references
(satellite or receiver clocks) listed
under "ANALYSI S CLK REF"

- Start epoch (in GPS tine):

year (4 digits), nonth, day, hour, mn,
second

[default: blank start and stop tines
imply single "ANALYSI S CLK REF"
applies for entire file]

- Stop epoch (in GPS tine):

year (4 digits), nonth, day, hour, mn,
second

[default: blank start and stop tines
imply single "ANALYSI S CLK REF"
applies for entire file]

NOTE: Multiple groups of "# OF CLK REF"
"ANALYSI S CLK REF" records can be used

for changes in anal ysis clock reference
within a single analysis file.

* REQUI RED for data types "Ax"

Li st of the analysis clock references

(repeat for each reference clock

enunerated in the previous record)

- Nanme of the receiver or satellite
used as the fixed reference in data
anal ysi s

- Unique identifier for reference
clock (if a receiver), preferably
t he DOVES nunber for fixed stations

- Optionally a non-zero value for the
the apriori clock constraint can be
provided (unit: seconds).

NOTE: If all analysis clock estintes are
re-aligned (e.g., to broadcast GPS tine)
then the fixed analysis clock will have
non-zero val ues corresponding to the

al i gnment corrections applied to al

ot her clocks. The non-zero cl ock val ues
for the reference nust be reported in
the clock data records together with the
ot her clock values, but the reference
clock should still be listed here. The
met hod of re-alignnent should be

descri bed in header comrent records.

* REQUI RED for data types "Ax"

- Nunber of receivers included in the
clock data records (including the
anal ysis reference clock even if it
has zero values and is not given in
the data records) and listed in the

1 4,413,
F10. 6,

1X,
1 4,413,
F10.6

A4, 1X,

A20, 15X,

E19. 12, 1X



| fol |l owi ng header records

| - Terrestrial reference frame or

| SI NEX sol ution for the station/

| recei ver coordi nates which nmatch
| the cl ock solution

I

I

I

* REQUI RED for data types "Ax"

SOLN STA NAME / NUM | For each station/receiver included in
the clock data records, as well as the
anal ysis reference clock even if it has
zero values and is not included in the
data records (number given in the
previ ous header record), include one
record with the follow ng information
- 4-character station/receiver nane
desi gnat or
- Unique station/receiver identifier,
preferably the DOVES nunber for
fixed stations
- Geocentric XYZ station coordinates
corresponding to the anal ysis cl ock
val ues reported (in mllimeters!)

* REQUI RED for data types "Ax"

A50

15(AL, | 2,
1X)

____________________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ==
# OF SOLN SATS | - Number of different satellites in the

| clock data records and listed in

| fol | owi ng header records

I

| * REQUI RED for data types "Ax"

I
.................... o e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e ==
PRN LI ST | List of all satellites reported in this

| file. Each satellite name is a

| 3-character string:

| - "Gwn" where nn is the PRN nunber

| for GPS satellite

| - "Rnan" where nn is the al manac nunber

| for GLONASS satellite

I

| * REQU RED for data types "Ax"

I
____________________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ==
END OF HEADER | Last record in the header section
____________________ o e e e e e e e e e e e e e e e e e e e e e e e e e e mm - -

Records marked with * are optiona
TABLE Al6
CLOCK DATA FI LE - DATA RECORD DESCRI PTI ON
............. ot e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e m == =
OBS. RECORD | DESCRI PTI ON

_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e e e m == =

TYP/ EPOCH CLK| - Clock data type (AR AS, CR DR M)
I

| - Receiver or satellite nane



- Receiver nane is the I GS 4-character
desi gnat or
- Satellite nane is a 3-character string
"Gin" where nn is the PRN nunber
for GPS satellite
"Rnn" where nn is the al nanac nunber
for GLONASS satellite

Epoch in GPS tinme (not local tine!):

year (4 digits), nonth, day, hour, mn, 14,413,
second F10. 6,
- Nunber of data values to follow 13, 3X%,
- Clock data in the foll owi ng sequence:
- Cock bias (seconds) E19.12, X
- Clock bias sigma [optional] (seconds) E19. 12
S oo e o e e e e e e e e e e e e e e e e e e e e e eo oo R +
| TYP/ EPOCH CLK] - Clock rate [optional] (dinensionless) |  E19.12, X |
| ( CONT) | - Clock rate sigma [optional] (dinensionless)| E19.12, X, |
| | - Cock acceleration [optional] (per second) | E19.12, X, |
| | - Clock acceleration sigm [optional] | E19.12 |
| | (per second) | |
I I I I
| | The continuation line is necessary for nmore | |
| | than 2 data val ues | |
I I I I
| | NB: For data types "Ax", "CR', and "M5", | |
| | clock data are in the sense of | |
| | reported station/satellite clock | |
| | *m nus* reference clock val ue. | |
| | For data type "DR', clock data are | |
| | the sense of clock value after | |
| | di scontinuity *m nus* before. | |
I I I I
| | Clock data apart from bias values are | |
| | optional. However, if any optional val ues | |
| | are included, then all |ower order val ues | |
| | must be supplied even if optional (although | |
| | zero val ues may be given) | |
I I I I
S oo e o e e e e e e e e e e e e e e e e e e e e e eo oo R +
T +
| TABLE Al17 |
| CLOCK DATA FILE - EXAMPLE FOR ANALYSI S DATA |
T +
<=l === 0= ---2 0--- | ---3] 0---| ---4] 0---| ---5] 0---| ---6] 0---| ---7] 0---] ---8|
2.00 CLOCK DATA Rl NEX VERSI ON / TYPE
TORI NEXC V9. 9 USNO 3- APR-96 00: 10 PGM/ RUN BY / DATE
CLK ANT Z-OFFSET(M: 1I1/11A 1.023; 1R 0.000 COWVMVENT
EXAMPLE OF A CLOCK DATA FILE COWMMVENT
IN THIS CASE ANALYSI S RESULTS ARE | NCLUDED COVMVENT
No re-alignment of the clocks has been appli ed. COWVMVENT
10 LEAP SECONDS

2 AS AR
USN USNO USI NG d PSY/ QASI S- 11

# | TYPES OF DATA
ANALYSI S CENTER

11994 07 14 0 O 0.000000 1994 07 14 20 59 0.000000# OF CLK REF

USNO 40451S003

-.123456789012E+00 ANALYSI S CLK REF

1 1994 07 14 21 0O 0.000000 1994 07 14 21 59 0.000000# OF CLK REF



TI DB 50103ML08

-0.123456789012E+00 ANALYSI S CLK REF

4 | TRF96 # OF SOLN STA / TRF
GOLD 40405S031 1234567890 -1234567890 -1234567890SOLN STA NAME / NUM
AREQ 42202M)05 -1234567890 1234567890 -1234567890SCLN STA NAME / NUM
TI DB 50103ML08 1234567890 -1234567890 1234567890SCLN STA NAME / NUM
HARK 30302MDO7 -1234567890 1234567890 -1234567890SCLN STA NAME / NUM
USNO 404515003 1234567890 -1234567890 -1234567890SOLN STA NAME / NUM

27 # OF SOLN SATS

(01 02 D3 D4 D5 D6 D7 D8 D9 GO G113 Gl4 GI5 Gl6 G17 PRN LI ST
Gl8 Gl9 K1 &2 X3 R4 X5 &6 X7 X9 GB0 &1

AR AREQ 1994 07 14 20 59 0.000000 6

-0.123456789012E+02 -0. 123456789012E+03 - 0.
. 123456789012E+00

AS G16 1994 07 14 20 59 0.000000 2
AR GOLD 1994 07 14 20 59 0.000000 4

-.123456789012E-03 -.123456789012E-04

123456789012E+00
123456789012E+04

. 123456789012E- 01

PRN LI ST

END OF HEADER

-0.123456789012E+01

-0.123456789012E+05
-.123456789012E- 01
-.123456789012E- 02

AR HARK 1994 07 14 20 59 0.000000 2 . 123456789012E+00 . 123456789012E+00
AR TI DB 1994 07 14 20 59 0.000000 6 . 123456789012E+00 . 123456789012E+00
. 123456789012E+00 . 123456789012E+00 . 123456789012E+00 . 123456789012E+00
ceeel === 1] O] =22 2] 0=+ -] =+ 3] 0= x| <= =4[ O-- | =-5| O] === 6] 0---] === 7| 0--~ | ---§]
o o o e e o o e e e o e e e e o e e e e e e e e e e meee e +
| TABLE A18 |
| CLOCK DATA FILE - EXAMPLE FOR CALI BRATI ON/ DI SCONTI NUI TY DATA |
o o o e e o o e e e o e e e e o e e e e e e e e e e meee e +
ceeel === 1] O] <=2 2] 0=+ -] === 3] 0=- | <= =4[ O-- | == 5| O] === 6] 0---] == 7| 0--~ | ---§]
2.00 CLOCK DATA RI NEX VERSI ON / TYPE

TORI NEXC V9. 9 USNO
EXAMPLE OF A CLOCK DATA FILE

3- APR-96 00: 10

IN THI' S CASE CALI BRATI OV DI SCONTI NUI TY DATA d VEN

10
2 CR DR
USNO 404515003

UTC(USNO) MASTER CLOCK VI A CONTI NUOUS CABLE MONI TOR

CR USNO 1994 07 14 20 59 50. 000000
CR USNO 1994 07 14 22 19 30. 000000
DR USNO 1994 07 14 22 23 14.500000
CR USNO 1994 07 14 23 44 50. 000000

NNDNDN

. 123456789012E+00
. 123456789012E+00
. 123456789012E+01
. 123456789012E+02

PGM / RUN BY / DATE
COMMVENT
COMMENT
LEAP SECONDS
# | TYPES OF DATA
STATI ON NAME / NUM
STATI ON CLK REF
END CF HEADER
. 123456789012E- 01
. 123456789012E- 02
. 123456789012E+00
. 123456789012E+00

cesefes 1] 0nx ] <5< 2] O-cn<+- 3] O--= |- 4] O-- | =-=5[ O [<- 6] 0| --=7] 0= | ---8]



