
Standardizing Reference Frame
Terms in Heliophysics

We describe an effort by IVOA and Heliophysics representatives 
to develop a standard for reference frames and reference system 
terms. The objective of this effort is to provide a proposal for 
additions to the existing IVOA standard for reference frames.
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Background

IVOA has 
Reference Frames 
(and also 
Coords-v1.0)

Many other similar 
lists exist (SPASE, 
TREPS, …)

 



Overall Objective

Ultimately, we want reproducibility. Many challenges:

● Although Reference Systems in Heliophysics (e.g., GEI, GSM, GSE) are 
agreed upon; acronyms are not (e.g, GEI, GEI2000, J2000).

● Reference Frames (implementations of reference systems) are needed 
for reproducibility (e.g., ICRS = reference system; ICRF1, 2, 3 = 
reference frame)

● Long history of usage of some terms. Historical assumption is that 
differences in implementations are not significant relative to other 
measurement uncertainty.

● Ambiguous terminology: Coordinate System, Reference System, 
Reference Frame use in different was in Heliophysics, SPICE, 
Astronomy and Earth Science.



Overall Objective continued

Ultimately, we want reproducibility.

Many challenges:

● Although we need a comprehensive standard for Reference 
Systems, much more is needed. Many lists exist.

● As a result of these challenges, a new list of definitions won’t have 
much impact.

● Need also reference frame implementations (similar to ICRF1, 2, 
3) and associated data for library developers and spacecraft science 
operation teams.



Examples

Survey of ephemeris from four different 
sources CDAWeb, SSCWeb, AMDA, and 
JPL/Horizons.

Results are not always the same to 
numerical precision.

Some differences are large enough that 
they must be accounted for as a part of 
uncertainty.
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Examples

We see similar issues with 
coordinate transform libraries.



Recommendations

1. A central authority maintains a citable database of reference 
data needed for common coordinate system transforms;

2. A standard set of acronyms and definitions for coordinate 
systems is developed for the reference implementations;

3. A central authority maintains the SPICE kernels for coordinate 
transforms used by space physics satellite missions to generate 
data products in different coordinate systems; and

4. Software developers provide explicit comparisons of their 
implementations with the results of 1. or 3. and documentation 
on implementation choices.



Status of Project

Circulation of draft of publication that provides justifications 
for the recommendations expected in late summer.

Documents differences in terminology, ephemeris datasets, 
and software that implements transforms.


