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                        Version 2.01 (March 24, 2005)

 INTRODUCTION

The SINEX acronym was suggested by Blewitt et al. (1994) and the first versions, 0.04, 0.05, 1.00 evolved from the work and contributions of the SINEX Working Group of the IGS. The IGS Analysis Centres and Associated Analysis Centres use the SINEX format for their weekly solutions since mid 1995. Although the SINEX format was developped by the IGS, the ILRS and IVS decided to use it for their pilot projects as well because SINEX was designed to be modular and general enough to handle GPS as well as other techniques. To meet all the requirements for SLR and VLBI solutions some new elements and more detailed specifications were added by the ILRS Analysis Working Group and by the IVS. These extensions were merged with the previous SINEX version 1.00 to get a unique format definition for all space geodetic techniques, and after an intensive discussion the new version called SINEX 2.00 could be finalized. We have to thank the IGS Reference Frame Working Group chaired by R. Ferland, the ILRS Analysis Coordinator R. Noomen and the ILRS Analysis Working Group, the IVS Analysis Coordinator A. Nothnagel and Z. Altamimi from the ITRF section of IGN for their contributions and advice concerning a new SINEX format definition.
The changes from version 1.00 to 2.00 are given in the next section of this document. The complete and detailed format definition can be seen in APPENDIX I, and the relevant least squares adjustment formulas with their relations to the SINEX format are summarized in APPENDIX II.
CHANGES FROM VERSION 2.00 TO 2.01
1) The version number in the header line changes to 2.01.

2) The list of allowed estimated parameter types has increased. As additional         parameters you can include in your solution: 

- SATA_Z    = satellite antenna Z offset [m]

- SATA_X    = satellite antenna X offset [m]

- SATA_Y    = satellite antenna Y offset [m]

3) Due to these new parameters a character defining antenna parameters ('A') was added to the field 'Solution Contents' in the HEADER LINE and in the block INPUT/HISTORY. The character 'A' may also be used for VLBI antenna parameters.
4) Two new blocks were added:

- SATELLITE/ID (Recommended for GNSS, if available)                           

- SATELLITE/PHASE_CENTER (Mandatory for GNSS, if satellite antenna offsets are not estimated)
 CHANGES FROM VERSION 1.00 TO 2.00

1) The version number in the header line changes to 2.00.

2) The list of allowed estimated parameter types has increased. As additional         parameters you can include in your solution: 

- XGC    \

- YGC    -  = coordinates of the geocenter [m]

- ZGC    /

- RS_RA     = right ascension of a radio source [rad]

- RS_DE     = declination of a radio source [rad]

- RS_RAR    = rate of right ascension of a radio source [rad/y]

- RS_DER    = rate of declination of a radio source [rad/y]

- RS_PL     = radio source parallax [rad]

- NUT_LN    = nutation total in longitude [rad]

- NUT_OB    = nutation total in obliquity [rad]

- NUTRLN    = nutation rate in longitude [rad/d]

- NUTROB    = nutation rate in obliquity [rad/d]

- TGNWET    = troposphere gradient in north for the wet part [m]  

- TGNDRY    = troposphere gradient in north for the dry part [m]

- TGNTOT    = total troposphere gradient in north (wet + dry part) [m]

- TGEWET    = troposphere gradient in east for the wet part [m]

- TGEDRY    = troposphere gradient in east for the dry part [m]

- TGETOT    = total troposphere gradient in east (wet + dry part) [m]

- AXI_OF    = VLBI antenna axis offset [m]

- RBIAS     = range bias [m]

- TBIAS     = time bias [ms]

- SBIAS     = scale bias [ppb]

- ZBIAS     = troposphere bias in zenith [m]

 The parameters LODR and UTR (LOD and UT1-UTC reduced for the short periodic terms up to 35 days) are no official SINEX parameters and should not be used.

 The coordinates of geocenter already appear in some IGS solutions, so we decided to define these parameters as officially allowed.

 The coordinates of radio sources (right ascension, declination) and their rates, the parallax of radio sources, the nutation parameters and their rates, the troposphere gradients and the antenna axis offsets are new parameters requested for VLBI solutions.

 The four bias parameters are taken from the ILRS implementation of SINEX.

3) Due to these new parameters the field 'Solution Contents' in the HEADER LINE     and in the block INPUT/HISTORY must be changed.

 All parameters belonging to the stations are summarized in only one character:

'S' = station coordinates (STAX, STAY, STAZ), 

      station velocities (VELX, VELY, VELZ), 

      all four bias parameters (RBIAS, TBIAS, SBIAS, ZBIAS),

      geocenter coordinates (XGC, YGC, ZGC).

That means, the character 'X' for station coordinates and 'V' for station velocities are dropped.

 A new character is defined for all parameters belonging to the celestial reference frame:

'C' = right ascension and declination of the radio sources (RS_RA, RS_DE),

      rates for right ascension and declination of the radio sources

      (RS_RAR, RS_DER),

      parallax of radio sources (RS_PL).

 The other new parameters can be attached easily to the existing characters of SINEX version 1.00:

'T' = for all troposphere parameters (including the new parameters for the 

      troposphere gradients TGNWET, TGNDRY, TGNTOT, TGEWET, TGEDRY, TGETOT),

'E' = for all earth orientation parameters (including the new nutation

      parameters NUT_LN, NUT_OB, NUTRLN, NUTROB).

 The orbit parameters 'O' are not changed.

4) The block SOLUTION/STATISTICS is now RECOMMENDED if the requested values are available because for a further combination of solutions it is necessary to have the complete statistical information.

 The preference is given to the original values like 'NUMBER OF OBSERVATIONS' and 'NUMBER OF UNKNOWNS' instead of 'DEGREE OF FREEDOM'.

 The 'NUMBER OF OBSERVATIONS' should represent only the number of 'real'          observations.

 A new value became necessary if unconstrained normal equations are stored because the variance factor contains the constraints of the solution. Therefore the weighted square sum of the vector 'observed minus computed' should be given in the SOLUTION/STATISTICS block to become independent of the influence of the constraints on the variance factor: (o-c)‘ P (o-c), where (o-c) represents the vector 'observed minus computed' and P denotes the weigth matrix. This new value can be stored under the name

 WEIGHTED SQUARE SUM OF O-C

5) The list of allowed parameter types in the block SOLUTION/APRIORI is extended following some IGS solutions: if you apply inner constraints to your solution you can add the constrained transformation parameters to the SOLUTION/APRIORI block. 

That means for the particular fields of this block:

- Parameter Type:

TX, TY, TZ     for translation restrictions in x, y and z direction

RX, RY, RZ     for rotation restrictions around the x, y and z axis

SC             for scale restriction

TXR, TYR, TZR  for restrictions on the rates of the translation in x, y  and z 

RXR, RYR, RZR  for restrictions on the rates of the rotation around the

               x, y and z axis

SCR            for restriction on the rate of the scale

- The fields Site Code, Point Code, Solution ID are filled with '-'

- Time:

the reference epoch of the inner constraints

- Parameter Units:

 m     for translation parameters, i.e. [m]

 mas   for rotation parameters, i.e. [mas]

 ppb   for the scale, i.e. [ppb]

 m/y   for the rates of translation parameters, i.e. [m/y]

 ma/y  for the rates of rotation parameters, i.e. [mas/y]

 pb/y  for the rate of the scale, i.e. [ppb/y]

- Constraint Code:

0 for tight constraints

- Parameter Apriori:

the value on which you constrained the transformation parameter or its rate for the transformation of your solution according to the apriori reference frame

(e.g. if the apriori reference frame represents the desired reference frame for your solution the apriori parameters are 0.0)

- Parameter Standard Deviation:

the sigma you choose for constraining the particular transformation parameter or its rate

To decide which stations were contributing to the inner constraints, the appropriate station parameters (coordinates and velocities if the rates are given as well) must be given in the block SOLUTION/APRIORI as well and should contain a '1' in the field 'CONSTRAINT CODE'.

6) With the new SINEX version the delivery of normal equations will be defined more precisely. We have now three possibilities include normal equation systems in the SINEX file:

a) In principle it was already possible in version 1.00 to store normal equation matrices in the two SOLUTION/MATRIX blocks (ESTIMATE and APRIORI) if you use matrix type INFO. And together with the two vectors in SOLUTION/ESTIMATE and SOLUTION/APRIORI you are able to reconstruct the original (reduced) normal equation system without constraints. But this procedure of removal the constraints and compute the right hand side of the normal equation system is always a little bit critical, and in addition to that problem, the procedure depends on the solution vector given in SOLUTION/ESTIMATE.

For a further combination of several solutions there would be less problems if the original normal equation system without any constraints can be stored directly in the SINEX file. In that case you have the advantage that the constraints applied in the individual solutions (SOLUTION/MATRIX_APRIORI) and the resulting solution vector (SOLUTION/ESTIMATE) have no influence on the combination. These considerations led to two other possibilities of storing normal equations in the SINEX file, but for both we had to introduce two new blocks for the original normal equation system:

- SOLUTION/NORMAL_EQUATION_VECTOR

This block contains the vector of the right hand side of the reduced normal  equation system

b = A' P l

  where 

  A'  is the transposed of the Jacobi-Matrix, 

  P   is the weight matrix of the observations and 

  l   is the vector observed minus computed with apriori values.

- SOLUTION/NORMAL_EQUATION_MATRIX

This block contains the reduced normal equation matrix WITHOUT constraints (i.e. the 'free' / original solution):

N = A‘ P A

The structure of this block is similar to the other two MATRIX blocks.

The indices of both new blocks must be consistent with the indices in SOLUTION/ESTIMATE.

With these two additional blocks the second and third possibility of storing normal equations look as follows:

b) You store the complete information about your solution in the following blocks:

- original normal equation matrix N = A‘ P A : SOLUTION/NORMAL_EQUATION_MATRIX

- vector of right hand side of original normal equation b = A‘ P l :

  SOLUTION/NORMAL_EQUATION_VECTOR

- apriori values of the unknown parameters x0: SOLUTION/APRIORI

- normal equation matrix of applied constraints in your solution dN:

  SOLUTION/MATRIX_APRIORI

- resulting unknown parameters of the constrained solution 


x = x0 + inv(N + dN) b : SOLUTION/ESTIMATE

The advantage of this method is the availability of the whole information, i.e. the original normal equation can be used for a further combination without any problems of constraints removal like in method a), and other users who are interested in the parameters of the constrained solution itself can take the vector in SOLUTION/ESTIMATE. 

A problem might occur when generating such a SINEX file because you need both, the original normal equation system as well as the solution estimate (as in case a)) and in most software packages the normal equation matrix might already be inverted at the time when you have the solution estimate available.

c) The third possibility is storing only the original normal equation system in the SINEX file, i.e.

- original normal equation matrix N = A‘ P A : SOLUTION/NORMAL_EQUATION_MATRIX

- vector of right hand side of original normal equation b = A‘ P l :

  SOLUTION/NORMAL_EQUATION_VECTOR

- apriori values of the unknown parameters x0: SOLUTION/APRIORI

For a further combination with other solutions this would be enough information and there wouldn’t be any problems with constraints removal.

On the other hand the documentation of the estimated parameters is missing.

To reconstruct the statistical information about the original solution for the last two possibilities (points b) and c)) it is necessary to store the weighted square sum of the vector observed minus computed, i.e.  l‘ P l in the SOLUTION/STATISTICS block because only this part of the variance factor is independent of the constrained solution and can be taken for a combination 

( v’ P v = l’ P l – (x – x0)‘ b ):

WEIGHTED SQUARE SUM OF O-C 

(see as well point 4) of the changes from version 1.00 to 2.00)

7) For more clearness and with regards to a good documentation how the solution in SOLUTION/ESTIMATE was created, the block SOLUTION/APRIORI is now mandatory.

The block SOLUTION/MATRIX_APRIORI is only mandatory if the matrix in SOLUTION/MATRIX_ESTIMATE contains some constraints.

 If you deliver normal equations in your SINEX file some more blocks are mandatory, depending on the method of storing normal equations: 

For method 6a)

- SOLUTION/MATRIX_APRIORI (INFO type)

- SOLUTION/MATRIX_ESTIMATE (INFO type)

- SOLUTION/STATISTICS (#observations, #unknowns, weighted square sum of o-c)

For method 6b)

- SOLUTION/MATRIX_APRIORI 

- SOLUTION/NORMAL_EQUATION_MATRIX

- SOLUTION/NORMAL_EQUATION_VECTOR

- SOLUTION/STATISTICS (#observations, #unknowns, weighted square sum of o-c)

For method 6c)

- SOLUTION/NORMAL_EQUATION_MATRIX

- SOLUTION/NORMAL_EQUATION_VECTOR

- SOLUTION/STATISTICS (#observations, #unknowns, weighted square sum of o-c)

8) Besides the new blocks for normal equations we have introduced some other new blocks in the SINEX format 2.00:

- NUTATION/DATA: 

to store the information about the nutation model used in the analysis;

This block contains two fields: one for the name of the nutation model and one for some comments.

- PRECESSION/DATA:

to store the information about the precession model used in the analysis;

This block contains two fields: one for the name of the precession model and one for some comments.

- SOURCE/ID:

to provide information about the radio sources observed with VLBI;

There are 3 fields for source names: the Source Code (used for SINEX internal referencing), the IERS designation and the ICRF designation.

- BIAS/EPOCHS:

important if bias parameters are included in the solution (from SLR solutions)

9) The matrix type SRIF (for Square Root Information Filter Matrix) in the two blocks SOLUTION/MATRIX_APRIORI and SOLUTION/MATRIX_ESTIMATE is no longer allowed.

10) The longitude sign definition in the SITE/ID block is redefined according to the ISO6709 definition (that is the way the information was already stored in most of the SINEX files):

- positive longitudes have to be used for east direction with respect to the Greenwich meridian

- following the ISO6709 specification, the range of longitude should be 

[-180° +180°[

11) The value "-----" in the field 'Antenna Serial Number' of the SITE/GPS_PHASE_CENTER block is redefined:

it signifies that the phase center offsets for L1 and L2 that are given in the following columns apply to ALL antennas of the same type that is indicated in the field 'Antenna Type'. 

As a consequence, if the phase center offsets for one antenna name and the given model are the same for all antenna serial numbers, it is enough to store only one data line (with "-----" for the 'Antenna Serial Number') in the SITE/GPS_PHASE_CENTER block for each antenna type that appears in the SITE/ANTENNA block.

SINEX SYNTAX

SINEX is an ASCII file with lines of 80chars or less. It consists  of a

number of blocks which are mutually referenced (related) through station

codes/names, epochs and/or index counters. Some blocks consist of

descriptive lines (starting in Col.2) and/or fixed format fields with

numerous headers and descriptive annotations. 

The first line is MANDATORY and must start with "%" in col 1, and contains information about the  agency, file identification, solution spans, techniques, type of solution, etc. (for more details see the Appendix I or II). The last line ends with "%ENDSNX". 

The SINEX format consists of a number BLOCKS  which start with "+" in the

first col. followed by a standardized block labels, and each block ends

with "-" and the block label. Each block data starts in the column 2 or

higher. Blocks can be in any order, provided that they start with (+) and end with (-) block labels. The first header line and most blocks are

related through epochs or time stamps in the following format:

YY:DOY:SECOD  YY-year; DOY- day of year; SECOD -sec of day;

E.g. the epoch 95:120:86399  denotes April 30, 1995 (23:59:59UT). The

epochs  00:00:00000 are allowed in all blocks (except the first header

line) and default into the start or end epochs of the first header line

which must always be coded. This is particularly useful for some blocks,

such as the ones related to hardware, occupancy, which should be centrally archived by IGSCB with 00:00:00000 as the end (current) epochs, and which should be readily usable by ACs for SINEX and other analysis/processing as official (authoritative) IGS information.
COMMENT lines starts with "*" in Col. 1 and can be anywhere within or

outside a block, though for the clarity sake, beginning and ends of blocks are preferable. For increased portability, the floating number exponent of "E" should be used rather than "D" or "d" which is not recognized by some compiler/installations. Fields not coded should be filled with "-" characters to allow efficient row and column format readings.

The most important blocks are the SOLUTION blocks. They are in fixed format (For more information on the format, see APPENDIX I). 

The mandatory SOLUTION blocks depend on the contents of the SINEX file.

If you deliver variance-covariance matrices or correlation matrices in your SINEX files the blocks

- SOLUTION/ESTIMATE

- SOLUTION/APRIORI

- SOLUTION/MATRIX_ESTIMATE

are mandatory. 

The block SOLUTION/MATRIX_APRIORI is only mandatory if the matrix in SOLUTION/MATRIX_ESTIMATE contains some constraints. 

Important but not mandatory (though STRONGLY RECOMMENDED if available for IERS purposes) is the block SOLUTION/STATISTICS, especially the information about the number of observations, the number of unknowns and the variance factor.

 If you deliver normal equations in your SINEX file the mandatory SOLUTION blocks depend on the method of storing normal equations: 

For method 6a)

- SOLUTION/APRIORI

- SOLUTION/ESTIMATE

- SOLUTION/MATRIX_APRIORI (INFO type)

- SOLUTION/MATRIX_ESTIMATE (INFO type)

- SOLUTION/STATISTICS (#observations, #unknowns, weighted square sum of o-c)

For method 6b)

- SOLUTION/APRIORI

- SOLUTION/ESTIMATE

- SOLUTION/MATRIX_APRIORI 

- SOLUTION/NORMAL_EQUATION_MATRIX

- SOLUTION/NORMAL_EQUATION_VECTOR

- SOLUTION/STATISTICS (#observations, #unknowns, weighted square sum of o-c)

For method 6c)

- SOLUTION/APRIORI

- SOLUTION/NORMAL_EQUATION_MATRIX

- SOLUTION/NORMAL_EQUATION_VECTOR

- SOLUTION/STATISTICS (#observations, #unknowns, weighted square sum of o-c)

Storing the (reduced) normal equation system in one of the possible ways described before is encouraged for combination research purposes within the IERS to avoid the critical step of constraints removal.

The scale of estimated and apriori standard deviations can, in principle, be arbitrary (note even apriori scaling is arbitrary, depending on the observation weighting). However, both estimated and apriori standard deviations (and the corresponding matrices) MUST use the same scaling (i.e. variance) factor stored in the block SOLUTION/STATISTICS. Otherwise the apriori information cannot be  rigorously removed to form free solutions (e.g. normal matrices). Scaling between different SINEX solutions is beyond the SINEX format and must be dealt with at the combination/analysis stage.
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