PROPOSED STATE VECTOR FORMAT
The importance of having a standard method to transfer data is clearly indicated, and at present, this is incomplete within the astrodynamics community – hence this format for transferring state vector information. This constitutes an initial set of information necessary to align numerical integration programs. Depending on the level of agreement desired, more or less information will be required. Experience from the various comparisons in this paper suggests that these parameters are sufficient to gain a rough comparison between programs. These formats are not intended to be forced upon the community. Rather, they are intended to stimulate discussion, change, addition, etc., so they can become a standard vehicle through which we operate. If additional tests, integrators, force models, etc., are desired, please contact me for additional assistance. Samples are included on the web – www.CenterForSpace.com/EphemerisBaseline. 
STATE VECTOR DATA

SATELLITE NUM  : xxxxxxxxx  COMMON NAME: ____________________ INT DES: _________

ORIGIN         : _____________

EPOCH (UTC)    : yyyy mmm ddd hh:mm:ss.sssssss 

COORD SYS      : _________________  

POS KM         : ±xxxxxxx.xxxxxxxx   ±yyyyyyy.yyyyyyyy   ±zzzzzzz.zzzzzzzz

VEL KM/S       : ±xxx.xxxxxxxxxxxx   ±yyy.yyyyyyyyyyyy   ±zzz.zzzzzzzzzzzz

ACCEL KM/S2    : ±xx.xxxxxxxxxxxxx   ±yy.yyyyyyyyyyyyy   ±zz.zzzzzzzzzzzzz
GEOPOTENTIAL   : __________________________ DEGREE/ORDER: ____ x ____  

ATMOS DRAG     : ___  MODEL : ________________________  

THIRD BODY     : ___  SOURCE: ___________  BODIES: __ __ __ __ __ __ __ __ __ __

SOLAR PRESS    : ___    
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SOLID TIDES    : ___  MODEL : ________  TERMS : ________
OCEAN TIDES    : ___  MODEL : ________  TERMS : ________

EARTH ALBEDO   : ___  GRID SIZE: ____

ACCELERATIONS  : ___  DIRECTION: ____________________ MAGNITUDE : ______________  
MANEUVERS      : ___  
1/BC (M2/KG)   : ±________________ CD: ____ AREA(M2): _________ MASS (KG): _____ 
1/SRPC (M2/KG) : ±________________ CR: ____ AREA(M2): _________  
THR ACC (M/S2) : ±________________ CM OFFSET(M)     : ±________ 

ATTITUDE       : _________________ 

EOP DATA       : _________________

SOLAR WEATHER  : _________________

INTERPOLATION  : _________________

SOLAR F10.7    : _________________ AVG F10.7: ____  AVG AP: ____

SHADOW MODEL   : _________________

PREC/NUT UP (S): _________________

INTEGRATOR     : _________________ STEP MODE      : _________________  

INIT STEP (S)  : _________________ ERROR CONTROL  : _________________

REG TIME EXP   : _________________ REG TIME STEPS : _________________
COV COORD SYS  : ___

POS SIGMA (KM) : ±nnnn.nnnnnn        ±tttt.tttttt        ±wwww.wwwwww
VEL SIGMA(KM/S): ±nn.nnnnnn          ±tt.tttttt          ±ww.wwwwww
COV COORDINATES: __________________________ DIMENSION: ____ 
COV SOLVE-FORS : __________________________ 

±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx 

±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx 

±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx 

±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx 

±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx 

±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx 

±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx ±x.xxxxxE±xx 

     :            :            :            :            :            :

Many of the parameters would be optional. The format is shown as a static form, but the best implementation would be via XML so that a common form would be exchanged between organizations, but each organization could tailor the specific inputs for their programs from the XML data. In the above format, additional blank lines have been inserted to aid seeing each grouping within the data. The groupings include satellite location data, force models, physical satellite characteristics, input data, integrator controls, and covariance information. The file contains enough information to recreate the ephemeris generation in multiple programs. Also notice that the fields are separated by spaces to assist free-form reading. There may be concern about the size. Using a catalog of 20,000 satellites, each of which have an 8x8 covariance, the total file (static) size is about 50 Mb using the format above. This could easily be compressed. Even though an XML file format would be larger, comparing the uncompressed size to the file size of a recent Microsoft update for XP (95Mb), this seems pretty reasonable for accurate positional information on the entire satellite catalog. Notes for some of the fields are as follows:

Basic satellite information

ORIGIN


Text field for the location of processing 




GEODYN, GTDS, NAVSPACOM, RayTRACE, STK, etc.

COORD SYS

Coordinate system and designator (both are needed)




B1950, J2000, IAU2000




ECI, MOD, TOD, PEF, ECEF, etc. 

Force model information

GEOPOTENTIAL
Gravitational model – EGM-96, WGS-84/EGM-96, WGS-84, GGM-01, TEG-4, etc.


Although not listed, there should be a one-time transfer of the gravitational parameter, radius of the Earth, angular rotation, and possibly the gravitational coefficients themselves to ensure the same gravity model is in use

ATMOS DRAG

Atmospheric models – MSISE90, NRLMSIS00, J70, J71, JRob, DTM, etc.

TIDES


Models – IERS 2003, IERS 1996, UT, Other




Terms – nutation dependent, other




Notes about what Solar/Lunar ephemeris used – DE/LE, analytical, other

ACCELERATIONS
Duration, orientation, method, etc. for empirical accelerations  
MANEUVERS
Number, duration, orientation, method, etc. for maneuvers and thrusting profiles. This particular field may need to be expanded to include mass flow rates, engine models, Isp, etc.  

Satellite detailed information

BALLISTIC COEFF / SOLAR RAD COEFF



Reciprocal values of the coefficients entered as a combined value, or as component values. Note that the attitude and macro models may be used, and that the area for drag and solar radiation pressure are likely different. 

ATTITUDE

The attitude may not be known, or may have a file of quaternions, or something else

External Data
EOP / SOLAR WEATHER DATA






ACTUAL, CONSTANT, etc.

INTERPOLATION
Used for the EOP and solar weather data




HERMITE, LAGRANGE, etc.

SHADOW MODEL
Shadow modeling for SRP. Dual cone uses both umbra and penumbra regions




NONE, CYLINDRICAL, DUAL CONE

PREC/NUT UP

Update interval for precession nutation values

Integrator information

INTEGRATOR

Integration scheme – RKF78, GAUSSJACK, ADAMSB, other
STEPMODE

Type of integration – FIXED, RELATIVE ERROR, REGTIME
INIT STEP

Step sizes, not used if relative error is selected

ERROR CONTROL
Error control if needed by the integrator, e.g. 1.0 e-15, other
Covariance information

COV COORD SYS
Coordinates for sigma values – RSW, NTW, ECI, other
COV COORDINATES
Format of the covariance matrix – J2000 ECI, CARTESIAN, EQUINOCTIAL


DIMENSION

Size of covariance matrix

COV SOLVE-FORS
Parameters included as solve-fors in the covariance
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