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The Consultative Committee for Space Data Systems (CCSDS) Orbit Data Messages 
(ODM) Blue Book Version 1 is the existing ISO standard for the representation of 
satellite state vectors and tabular ephemerides. The ODM provides a means of 
exchanging information on spacecraft orbits in an international standard format that is 
easily read, easily processed, and does not require software produced by any other space 
agency/operator. Over the past few years, the CCSDS Navigation Working Group and 
the ISO Technical Committee 20/Subcommittee 14/Working Group 3 have worked on 
an update to the existing standard. This paper will discuss the rationale for updating the 
standard, differences between the Version 1 standard and the Version 2 standard, 
prototyping tests that were performed using the Version 2 standard, space 
agency/commercial operator infusion of the Version 2 update, and potential applications 
of the revised standard. Potential applications include enhanced analysis of collision 
avoidance, enhanced orbital debris tracking, and enhanced knowledge of uncertainties 
of the state vectors and states in the ephemeris. The collision of Cosmos 2251 and 
Iridium 33 in early 2009 has heightened interest in better, more frequent sharing of 
orbital states between space agencies and satellite operators. The Version 2 Orbit Data 
Messages also adds a new message type that can provide a bridge between existing 
applications and future applications by allowing facile conversion from an ODM state 
vector to a NORAD Two Line Elements (TLE) and from a TLE to an ODM state vector. 
Also discussed will be some caveats about the usage of some of the new features (e.g., the 
included covariance matrix, the desirability of Interface Control Documents) and the 
forthcoming availability of the messages in an Extensible Markup Language (XML) 
format. 

I. Introduction 
HE Orbit Data Messages (ODM) is an international standard for the representation of satellite state vectors 
and tabular ephemerides developed under the auspices of the Consultative Committee for Space Data 

Systems (CCSDS). The CCSDS calls such recommended standards “Blue Books”. The ODM Blue Book 
Version 11 is the existing ISO Standard for the representation of satellite state vectors and tabular ephemerides. 
The CCSDS Orbit Data Messages provides a means of exchanging information on spacecraft orbits in an 
international standard format that is easily read, easily processed, and does not require software produced by 
any other space agency/operator. 

The ODM is part of the Technical Program of the CCSDS Navigation Working Group (WG). This working 
group, which consists of membership from the world’s major space agencies, is one of approximately 30 
working groups in the CCSDS. Over the past few years, the CCSDS Navigation WG has also had significant 
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collaboration with the ISO Technical Committee 20, Subcommittee 14, Working Group 3 (ISO 
TC20/SC14/WG3) in order to prepare an ODM update.  

The CCSDS Orbit Data Messages (ODM) Version 2 update2 consists of three recommended message 
formats for exchanging spacecraft orbit information. The recommended messages are ASCII formatted text in 
either a “Keyword Value Notation” (KVN) format or an Extensible Markup Language (XML) format. These 
message formats are called: 

1) Orbit Parameter Message (OPM) 
2) Orbit Mean Elements Message (OMM) 
3) Orbit Ephemeris Message (OEM) 
Exchanges of spacecraft orbit information are used for many purposes, including pre-flight planning for 

tracking or navigation support, scheduling of tracking support, preparing antenna pointing and frequency 
predicts for tracking operations, performing orbit comparisons, assessing mutual physical and electromagnetic 
interference among satellites orbiting the same celestial body (currently primarily Earth, Moon, and Mars), 
performing orbit conjunction (collision avoidance) studies, and developing and executing collaborative 
maneuvers to mitigate interference or enhance mutual operations. The ODM establishes standard message 
formats and content, but does not constrain the means of transmission. It is thus amenable to whatever method 
of exchange is desired between exchange participants. 

II. History of the Orbit Data Messages 
 
Work on the ODM standard commenced in the 1990’s. It was under development for several years, during 

which three formal CCSDS Agency Reviews of the document were conducted before it finally became a 
CCSDS Blue Book in September 2004 (the Agency Review process is described in Restructured Organization 
and Processes for the Consultative Committee for Space Data Systems3). In January 2006, the ODM1 was 
accepted by ISO as ISO-22644:2006. Hereafter this first version of the standard will be referred to as 
“ODMV1”. The ODMV1 incorporated two of the messages named above, specifically, the OPM and the OEM. 
(For the purpose of understanding the history of the ODM, it is helpful to understand that there is a very tight 
link, nearly identity, between the ISO Technical Committee 20 Subcommittee 13 (ISO TC20/SC13) and the 
CCSDS.) 

Work on an updated ODM (hereafter “ODMV2”) began in mid-2005. Given that the ODMV1 had at that 
time only recently been confirmed as a recommended standard by the CCSDS, and was well on the way to 
becoming the ISO international standard, it is reasonable to inquire why it was necessary so soon to perform an 
update. Around mid-2005, it became apparent that a somewhat parallel effort was underway in the ISO 
TC20/SC14/WG3 that could have resulted in a duplicate ISO standard for the representation of an orbital state. 
The SC14 was initially unaware of the SC13(CCSDS) effort, and in fact had some requirements in addition to 
those that were used in developing the SC13(CCSDS) document. In the spirit of collaboration and consensus, 
SC13 and SC14 committed to work together on a modification to the existing ODM standard that would 
accommodate the augmented set of requirements. During this collaboration a third message type was added to 
the set already in the ODMV1 that can provide a bridge between existing applications and future applications 
by allowing facile conversion from an ODM orbital state to a North American Aerospace Defense Command 
(NORAD) Two Line Elements (TLE) set and from a TLE to an ODM orbital state. Some additional data 
structures that provide information regarding the uncertainty of the orbital states represented in the messages 
were also added. Such information regarding the uncertainties was one of the key new requirements that 
emerged from the collaboration. It is viewed that the new information will increase the number of applications 
for which the messages are useful. 

The draft ODMV2 document completed a joint review (CCSDS Agency Review and ISO TC20/SC14/WG3 
review) in September 2008, after which time the requisite prototype testing was completed. The ODMV2 was 
formally published by the CCSDS in November 2009.   

III. OPM, OMM, OEM Content and Structure 
The message formats described in the ODMV2 are structurally similar. Each message format is organized 

into three sections: the Header, Metadata Section, and the Data Section. For examples, see Appendix B. 
CCSDS and ISO TC20/SC14/WG3 considered collaboratively the information requirements for the 

spectrum of missions. This is illustrated in Table 1 below. 
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The blue areas are essential metadata no matter what the application. The orange areas are unique to specific 
missions, the depth of color emphasizing criticality. Yellow areas indicate that only one of the elements of 
information is necessary; both need not be provided. White areas are desirable. Deliberations led to a message 
set that is the union of all of these requirements.    

For all messages, the Header contains identification information (version, creation date, originator). For 
each message format, the ODM contains a table describing the header which specifies both obligatory and 
optional keywords, a short description of each keyword, and examples of allowed values.   

For all messages, the Metadata Section consists of a description of the data in the associated Data Section 
(i.e., “data about data”). It contains information regarding the object to which the state vector(s) or orbit state(s) 
applies, the applicable reference system, and the time system. For the OEM, the Metadata Section also contains 
information regarding data start/stop times and parameters useful for interpolating between ephemeris states and 
covariances. For each message format, the ODM contains a table describing the metadata which specifies both 
obligatory and optional keywords, a short description of each keyword, and examples of allowed values.   

The Data Section is the most variable between the various messages, as it may contain an orbital state or a 
series of states; optional maneuver definitions for the OPM; and optional covariance matrix data.  

The ODM also offers a commenting feature that allows users to provide any explanatory information that 
may be desired as part of the exchange, but does not fit into the standardized KVN paradigm. The use of 
comments is not required for successful processing of orbit information.   

All major categories of data standards are augmented with an explanatory “Green Book”. The Green Books 
unfortunately lag the standards themselves. The existing Green Book is being updated to the last instance of 
ODMV1. It will be at least a year until a Green Book for ODMV2 is drafted. This is an important revision, 
since it will be the first to discuss covariances.   

A. OPM Data Section Overview 
The Orbit Parameter Message (OPM) Data Section contains a single Cartesian state vector at a specified 

epoch that must be propagated by the recipient to determine the spacecraft position and velocity at times 
different from the specified epoch. Optional components of the Data Section include osculating Keplerian 
elements of the orbit; the spacecraft parameters necessary to calculate solar radiation pressure and atmospheric 
drag; maneuver modeling parameters, if applicable; and a 6x6 position/velocity covariance matrix which 
reflects the uncertainty of the orbit state. There is an additional optional section that may contain user defined 
parameters (see “Caveats”). 

Table 1. Information requirements for a variety of space missions. 
 

Conjunction Maneuver Collaborative Station LEOP Situational Preflight Contact 
Warning  Operations Keeping  Awareness Planning Planning

Header/Message Info

Message Identifier for Parser x x x x x x x x
Creation Date/Time x x x x x x x x
Originator x x x x x x x x

Metadata

Spacecraft Name x x x x x x x x
Spacecraft Identifier x x x x x x x x
Ref frame origin (for lunar/interplanetary) x x x x x x x x
Ref Frame/Coordinate System/Epoch x x x x x x x x
Time System x x x x x x x x

Data

Epoch of Orit Data x x x x x x x
Ephemerides (position, velocity) x x x x x x x
Osculating Orbit Elements x x x x x x
Spacecraft Parameters (Mass,Drag Area, Drag Coeff, Solar Rad Area, Solar Rad Coeff) x x x x x
Position/Velocity Covariance (6x6) and Ref Frame x x x x x x

Maneuver Parameters

Ignition Epoch x x x
Duration x x x
Delta Mass x x x
Maneuver Reference Frame x x x
Delta V's x x x

Conjunction Information

Epoch of Conjunction x x x x
Miss distance between osculating orbits x x x x
Probability of Collision x x x x
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B. OMM Data Section Overview 
The Orbit Mean Elements Message (OMM) Data Section contains a single orbital state based on mean 

Keplerian elements at a specified epoch that must be propagated by the recipient using an orbit propagator that 
is consistent with the models used to develop the orbit data. Based on the needs of heritage users, the OMM 
includes keywords and values that can be used to generate canonical NORAD TLEs. The Metadata Section 
provides a keyword which allows the user to specify which of several possible mean element theories applies to 
the data (e.g., the Draper Semi-Analytic Satellite Theory (DSST)), thus indicating to the user the proper method 
for propagating the elements. Optional components of the Data Section include the spacecraft parameters 
necessary to calculate solar radiation pressure and atmospheric drag, TLE-related parameters, and an optional 
6x6 position/velocity covariance matrix which reflects the uncertainty of the mean Keplerian elements. There is 
an additional optional section that can contain user defined parameters; it is intended to facilitate use of the 
OMM with non-TLE mean element methods (see “Caveats”). 

C.  OEM Data Section Overview 
The Orbit Ephemeris Message (OEM) Data Section consists of an ephemeris in the form of a series of 

Cartesian state vectors that specify the position and velocity of a single object at an arbitrary number of epochs 
contained within a specified time range. The OEM is suited to exchanges that require higher fidelity or higher 
precision dynamic modeling than is possible with the OPM. It allows for dynamic modeling of any number of 
gravitational and non-gravitational accelerations. The recipient must interpolate to obtain arbitrary states 
between the tabular ephemeris points. In the ODMV1, the state vectors provided position and velocity 
information; in the ODMV2 this was extended to optionally allow the exchange of accelerations at epoch. The 
Data Section contains the Cartesian state vector components of the orbit (epoch, x, y, z, x′, y′, z′) (required); 
acceleration components (x′′, y′′, z′′) (optional); and one or more 6x6 position/velocity covariance matrices 
which reflect the uncertainty of the orbit solution used to generate states in the ephemeris (optional). A 
minimum OEM must have a Header, Metadata Section, and Data Section, however, multiple occurrences of a 
metadata group followed by an ephemeris data group may be used if so desired. 

IV. Differences Between the Orbit Data Messages Version 1 and Version 2 
There are two categories of differences between the ODMV1 and the ODMV2. Some changes affected the 

content of one or more of the message formats, and some changes only affected the document. For the purposes 
of this paper, the changes that affected the content of the messages are of principal importance. There is one 
change that only affected the document that is however of note with respect to the potential uses of the 
ODMV2. Many of these changes were introduced during the joint review of the document by the CCSDS 
Agencies and the ISO TC20/SC14/WG3. 

A.  Changes in the Message Formats  
1) The Orbit Mean-Elements Message (OMM) was added for compatibility with the long-standing TLE 

format and to include covariance information for collision probability.   
2) The 6x6 covariance matrix (lower triangular form) included in the initial version of the OMM was 

added to the OPM and OEM to allow producers of these files to provide the uncertainties associated 
with the state(s) and a physical connection between measurements and state variables. 

3) Optional accelerations were added to the state vectors provided in the OEM format since important 
forces such as aerodynamic drag and radiation pressure are not conservative. Position and velocity alone 
are not sufficient to specify the state when there are non-conservative forces that cannot be represented 
as the gradient of a potential function. 

4) The option to use the Julian Date in formatting of epochs and other time fields was withdrawn, as this 
format is standardized in neither the CCSDS Time Code Formats4 nor the ISO 8601 standard Data 
elements and interchange formats — Information interchange — Representation of dates and times5. 

5) The ODMV1 requirement to put the object identifying parameter in SPACEWARN format was changed 
from a requirement (“shall”) to a recommendation (“should”) based on current operational uses of the 
OEM which did not enforce the requirement. 

6) Maximum line width for all messages was changed to 254 to be consistent with two other 
Recommended Standards in the Technical Program of the CCSDS Navigation WG. 

7) The rules for text value fields were constrained to only all uppercase or all lowercase. 
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8) The fields in the “Spacecraft Parameters” block of the OPM were changed from obligatory to optional 
parameters.  

9) The block of optional User Defined Parameters included in the initial version of the OMM was added to 
the OPM.  

10) A keyword to allow specification of the reference frame epoch was added to accommodate cases where 
the reference frame epoch is not intrinsic to the reference frame definition. 

11) Some restrictions were imposed on the placement of comment statements in order to allow easy 
conversion of ODMs from KVN format to XML format or vice versa. 

B.  Changes in the Document 
12) The ODMV1 contains an annex that describes information to be included in an Interface Control 

Document (ICD). In the ODMV2 this annex was significantly revised to suggest additional information 
that would be worthwhile to exchange. Also, a “Checklist ICD” consisting of candidate comment 
statements was added that may facilitate the exchange of essential information between partners when 
the negotiation of a formal ICD is neither required, desired, nor feasible. 

V. Prototyping Tests Performed Using the Version 2 Standard 
 

The CCSDS Restructured Organization and Processes3 states that for a Recommendation to become a Blue 
Book, “at least two independent and interoperable prototypes or implementations must have been developed 
and demonstrated in an operationally relevant environment, either real or simulated.” Thus, in order to qualify 
for publication by the CCSDS, it was necessary to design and execute a set of prototype tests. 

Planning for the required prototyping commenced during the CCSDS Fall 2008 meetings conducted in 
Berlin, Germany. An initial draft of the prototyping plan was prepared during these meetings. At the CCSDS 
Spring 2009 meetings conducted in Colorado Springs, Colorado, USA, work continued on the plan, and reports 
based on testing to date were discussed. The prototype testing and final test report were completed during 
Summer 20096. 

The tests performed using the ODMV2 covered the three message types. Nine tests of varying complexity 
were performed, starting with a simple OPM with only a spacecraft state (i.e., no Keplerian elements, no 
maneuver, no spacecraft parameters, and no covariance matrix); and progressing through tests which included 
Keplerian elements, maneuvers (impulsive and finite), covariance matrices, interpolation between states, and 
transformation between formats. Some tests focused on transformation from TLE to OMM and back, with 
checks of the information content at each transformation to ensure no data loss. Where possible, the artifacts of 
the tests were input to operational navigation software used by the agencies/companies conducting the tests 
(though none of the artifacts were used in actual operations). Some of the tests involved the exchange of the 
new “user defined parameters”, a feature that allows the exchange of data not officially part of the standard, 
though deemed important by individual sets of message exchange participants. 

Prototyping of the ODM was performed as shown inTable 2, which lists the applicable spacecraft, the 
message type, the direction of message transfer, and the participating parties in each test (Centre National 
d’Études Spatiales (CNES), Center for Space Standards and Innovation (CSSI), the European Space Agency 
(ESA), GMV, the Japan Aerospace Exploration Agency (JAXA), NASA Goddard Spaceflight Center (GSFC), 
and the Jet Propulsion Laboratory (JPL)). 
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During the testing, messages of the various types were produced by seven different organizations, and the 

ability to read/process the messages was demonstrated in five different organizations. Based on the diversity of 
agencies able to read/write the messages, numerical comparisons within tolerance, and the generally positive 
test results, the Navigation Working Group recommended that the draft ODMV2 document be promoted to a 
Blue Book CCSDS Recommended Standard. The CCSDS Engineering Steering Group and CCSDS 
Management Council supported this recommendation, and the ODMV2 was formally published in November 
2009.  

VI. Potential Applications of the Orbit Data Messages Version 2 
The messages in the ODM have a few “traditional” applications, for example, the OEM may be used for 

assessing mutual physical or electromagnetic interference among Earth-orbiting spacecraft, developing 
collaborative maneuvers, and representing the orbits of active satellites, inactive manmade objects, near-Earth 
debris fragments, etc. The OEM reflects the dynamic modeling of any user’s approach to conservative and non-
conservative phenomena. Basic applications of the OMM include directing antennas and planning contacts with 
satellites. However, the OMM is not recommended for assessing mutual physical or electromagnetic 
interference among Earth-orbiting spacecraft, developing collaborative maneuvers, or propagating precisely the 
orbits of active satellites, inactive manmade objects, and near-Earth debris fragments. It is not suitable for 
numerical integration of the governing equations unless the same mean element theory used to develop the orbit 
information is used to propagate it.  

In addition to these traditional applications, some potential additional applications of the ODMV2 involve 
space situational awareness (e.g., collision avoidance and orbital debris tracking), upgrading of TLEs to OMMs, 
increased propagation fidelity of orbit states, and the use of covariance matrices to enhance knowledge of 
uncertainties of the state vectors and states in the ephemeris.   

A. Space Situational Awareness 
The collision of Cosmos 2251 and Iridium 33 in early 2009 has heightened interest in better, more frequent 

sharing of orbital states between space agencies and satellite operators. As the world’s space agencies put more 
and more spacecraft into orbit at the Earth, Moon and Mars, there will be an increasing need to exchange 
ephemeris data on a regular basis. Because of the traits of an ODM (international standard format, easily read, 
easily processed, etc.), the ODMV2 represents a good candidate for such data exchanges. In Congressional 
Testimony before the House Committee on Science and Technology7 April 28, 2009, Dr. Scott Pace, Director of 
the Space Policy Institute and a Professor of Practice in International Affairs at George Washington 
University’s Elliott School of International Affairs, cited this prospect.   

Space situational awareness depends on diverse, distributed observations. Orbit Data Messages assure 
interoperability and clear, mutual understanding of information from many sources. It is possible to envision an 
important future for the CCSDS message specifications, accompanied by XML schemas compatible with 
service oriented architectures (SOA), distributed databases, and composable applications. As additional 
information needs emerge, schemas are extensible. If used within a future worldwide SOA paradigm, these 
messages have the potential to greatly reduce unfortunate consequences of mismatched systems of units, 
reference frames, or time systems since any element of data or metadata that does not meet the standard will 
cause the message to fail a validation check against the schema.   

Table 2. ODMV2 Prototype Test Plan 
 
Test # Spacecraft Message Type Participating Agencies, Message Flow Direction 
1 SOHO OPM NASA/GSFC => NASA/JPL 
2 SOHO OPM NASA/GSFC => NASA/JPL 
3 SOHO OPM NASA/GSFC =>NASA/JPL 
4 ISS/Zarya                                               OMM CNES => CSSI => CNES 
5 Iridium 33 debris OMM GMV => CSSI => GMV 
6 SELENE OEM JAXA => NASA/JPL 
7 MEX/ODY OEM ESA => NASA/JPL, NASA/JPL => ESA 
8 SOHO OPM NASA/GSFC => NASA/JPL 
9 ISS/Zarya                                               OMM CNES => CSSI => CNES 
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B. “Upgrading” Two Line Elements (TLE) 
One of the design principles of the OMM was to allow replication of the data content of an existing 

NORAD TLE set in a CCSDS standard format. All essential fields of the “de facto standard” TLE are included 
in the OMM in a style that is consistent with that of the OPM and OEM. The ability to generate a TLE from the 
fields in the OMM was demonstrated during the ODMV2 prototype testing. This requires that both parties to the 
exchange employ the same mean orbit or General Perturbations techniques. Without such configuration control, 
the outcomes will be different than the inputs to a degree that might matter for certain missions. Additionally, 
the message can also accommodate other mean element theories such as the Russian standard or the Draper 
Semi-Analytic Theory. Users need not and probably should not be limited to one standard orbit determination 
or propagation technique. Therefore, a rather complete set of metadata is absolutely necessary for users to adapt 
the orbit data to their operations.   

Users currently using TLEs have the option to convert to the exchange of OMMs. OMMs need only be 
reformatted to convert to TLEs. OMMs were developed in part to mitigate widely recognized deficiencies with 
TLEs. OMMs can include sufficient coordinate system and reference frame specifications, and covariances. 
There are also no field limitations on the values in the OMM. 

C. Increasing Orbit Propagation Fidelity of an OPM or OMM 
Some OPM and/or OMM users may desire/require a higher fidelity propagation of the state vector or 

Keplerian elements than is possible with a “vanilla” OPM or OMM. A higher fidelity technique may be 
desired/required in order to minimize inconsistencies in predictions generated by different operators using 
different propagation algorithms. Nominally the OPM and OMM are engineered only for a relatively lower 
fidelity orbit propagation. However, with the inclusion of additional context information, it is possible for users 
to provide data that could be used to provide a relatively higher fidelity orbit propagation. For this relatively 
higher fidelity orbit propagation, a much greater amount of ancillary information regarding spacecraft properties 
and dynamical models should be provided, either by a formal ICD or a “checklist” ICD. Higher fidelity orbit 
propagations may be useful in special studies such as orbit conjunction studies. 

Spacecraft orbit determination and propagation are stochastic estimation problems. Observations are 
inherently uncertain, and not all of the phenomena that influence satellite motion are clearly discernible. State 
vectors and Keplerian elements with their respective covariances are best propagated with models that include 
the same forces and phenomena that were used for determining the orbit. Including this information in an 
OPM/OMM allows exchange partners to better compare the results of their respective orbit propagations. 

With additional context information, the OPM/OMM may be used for assessing mutual physical or 
electromagnetic interference among Earth-orbiting spacecraft, developing collaborative maneuvers, and 
propagating the orbits of active satellites, inactive manmade objects, and near-Earth debris fragments. 

D. Using OMM Covariance Matrices  
Uncertainty data is often essential. Figure 1 below shows a hypothetical contact from Madrid to Envisat. 
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The instantaneous field of view (blue cone) is representative of the diffraction limited performance of a 

Madrid antenna. The orange ellipsoid is the hypothetical Envisat covariance ellipsoid. In principle, we do not 
know precisely where the satellite might be within that ellipsoid. Open loop pointing would be very difficult if 
we did not have covariance information. We would have to search over a volume many times that intercepted 
by the diffraction limited beam or defocus the beam, diminishing signal to noise. Covariances are absolutely 
essential to discriminate close approaches with clearance among satellites from potential collision. Covariances 
of some form are byproducts of most orbit determination and propagation schemes. However, until near Earth 
space grew crowded, these were almost never extracted or revealed. Now and in the future, covariance 
information will be absolutely essential for safe and sustainable space operations. 

 

 
 
Figure 1. Significance of covariance volumes for open loop contact with a satellite 
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Figure 2 illustrates the significance of covariance information for collision assessment. The figure shows 
both the mean locations of two satellites and their three sigma covariance volumes. The satellites are most likely 
to be at the centers of the ellipsoids that describe the probability density of trajectory excursions. Although the 
satellites are only 400 meters apart, it is extremely unlikely that they will collide. This inference is clear only by 
inspecting the graphics. An assessment based only on close approach distance would unquestionably generate a 
false alarm.   

VII. Some Caveats About Usage of the Orbit Data Messages Version 2 
While the ODMV2 represents a distinct improvement over its predecessor, there are also some issues and 

risks that should be understood. This section will discuss some of those issues. 

A. Accelerations in the Ephemeris 
There are both advantages and disadvantages to using the accelerations in the OEM data lines. Fewer 

ephemeris points, and thus less disk space, may be required if accelerations are included. However, not all 
navigation software can process the accelerations as input. 

B. Interface Control Documents 
In any exchange there are many pieces of information and points of procedure that are difficult to 

standardize. In order to supply information that is necessary to supplement the standardized orbit information, 
Interface Control Documents (ICD) between exchange participants should be negotiated. Although the Orbit 
Data Messages may at times be used in situations in which participants have not negotiated ICDs, ICDs should 
be developed and negotiated whenever possible. The ICD should be jointly produced by both participants in a 

 
 
Figure 2. ERS-2 – Iridium 33 Debris (34828) conjunction estimate, 20 Feb 2010 06:17:13.464 



 
American Institute of Aeronautics and Astronautics 

 
 

10 

cross-support involving the transfer of orbit data. Extensive comments in an ODM are recommended in cases 
where there is insufficient time to negotiate an ICD.  

C. User Defined Parameters 
A section of user defined parameters is allowed in the OPM and OMM, but they should be employed 

judiciously. The reason is to allow users to add mission-essential elements of information for which there is no 
other data exchange medium, such as radio frequency interference information. User defined fields must also 
include user developed metadata. The reader must also accept that ICDs are always best if collaborators have 
sufficient time. In that sense these messages should guide negotiating ICDs. Including optional user defined 
elements of information in the standard emphasizes that these formats may not include all information that 
should be exchanged.   

D. Converting OMMs to TLEs 
Programs that convert OMMs to TLEs must be aware of the structural requirements of the TLE, including 

the checksum algorithm and the formatting requirements for the values in the TLE. The checksum and 
formatting requirements of the TLE do not apply to the values in an OMM. For those who wish to use the 
OMM to represent a TLE, there are a number of considerations that apply with respect to precision of angle 
representation, use of certain fields by the propagator, reference frame, etc.   

NORAD TLEs are implicitly in a True Equator Mean Equinox (TEME) reference frame, which is not well 
defined, and there are subtle differences between TEME of Epoch and TEME of Date. This can be traced to the 
separation of astronomical time and atomic time. Epochs may be evolved in standard atomic seconds while 
dates are virtually by definition accumulations of time in astronomical seconds. Atomic time (TAI) can be 
accumulated only from an epoch, an event, not from a date in some “arbitrary” astronomical calendar. The 
effect is very small relative to TLE inaccuracy, and there is uncertainty regarding which of these is used by 
NORAD. Users are encouraged to specify in the ICD their assumption as to the type of TEME reference frame 
(TEME of Epoch or TEME of Date). The preferred option is TEME of Date. 

E. Using Covariances with OMM/TLEs 
While the covariance matrix in the OMM may be useful for risk assessment and establishing maneuver and 

mission margins there are several alternatives, and exchange must include sufficient metadata for participants to 
understand the origin and significance of the information.  

Users must recognize that the TLE process is almost exclusively a least squares fit of a hypothesized 
trajectory. The covariance matrix is diagonal and represents mathematical variances of the data fit over the 
update interval. It is not the causal influences of observables on state variables. These matrices can be used 
without propagation to approximate the probability that two satellites will collide. 

One approach is to use TLEs to generate osculating ephemerides and then use the covariance matrices at 
epoch to propagate with consistent physical models and use the propagated covariances to estimate collision 
probability throughout the interval of interest. The TLEs may be propagated forward and backward from epoch 
so that the synthesized covariance matrix can be propagated over a longer, statistically more significant interval. 
At the conclusion, a TLE can be constructed and an OMM transmitted for the end of the interval of interest. 
This is the process utilized by GMV during testing.    

Another approach is statistical analysis of the temporal variation of TLEs issued on the same object over a 
period of time8. One assumes that the generally unattributed variation among TLEs that should not change 
much can be assigned to the true covariance matrix. In that case, we get a different set of non-causal 
covariances.    

During the prototyping process, there was significant discussion between the participants about the meaning 
and use of covariance information in conjunction with TLE orbit states. One must reduce the TLE information 
in the OMM to at least an initial state and then propagate the initial state and the covariance matrix consistently.  

The covariance discussion is viewed as important to share. In some user communities, the consensus is that 
synthesized covariances are only good for conjunction assessment of the moment. Using them as points of 
departure for more detailed propagation is perhaps not wrong, but without measurement biases the covariances 
will grow without bound and eventually become meaningless. Use of the synthetic covariance matrix is a 
complex topic that should be addressed in a meeting among subject matter experts. It would be worthwhile to 
organize such a meeting either as a “birds of a feather” at some future meeting of the SpaceOps, AIAA, 
CCSDS, or other interested organization. This topic has broader significance than just the CCSDS Navigation 
WG. 
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VIII. Space Agency and Commercial Operator Infusion of the Version 2 Update 
Infusion of standards into operations is one of the most challenging aspects of developing standards. 

Currently the OEM is used in regular operations at the ESA/European Space Operations Center (ESOC) and 
NASA/JPL/Deep Space Network (DSN). JAXA also has the ability to produce OEMs. In industry software, the 
Satellite Tool Kit (STK)9 developed and marketed by Analytical Graphics Incorporated (AGI) can also output 
an ODMV1 OEM. The ODMV2 achieved international standard status only recently; therefore, ODMV1 is 
most widely used currently.   

The world’s space agencies have tended to produce converters to translate between the CCSDS Navigation 
WG formats and their internal formats. However, some commercial off-the-shelf (COTS) products such as 
Satellite Tool Kit have started to make the CCSDS Orbit Data Messages one of the supported input/output 
formats for a satellite state. In our opinion, it is always better to use a uniformly understood international 
standard for exchanging orbit information. Each user will only have to conceive one conversion, from the 
standard to their operational format. Otherwise each user would have to develop a converter from every 
collaborator’s potentially unique format to its own format. This also risks introducing error simply through 
misunderstanding of another’s coordinate system, reference frame, time system, or other critical factor.   

For various reasons, the user may wish to create an orbit message that is compliant with the ODMV2 and is 
also compatible with the ODMV1. The ODMV2 contains an annex that details the actions that the user should 
perform in order to create an OPM or OEM that is compatible with implementations of the ODMV1. Thus it is 
possible to “upgrade” to ODMV2 while by observing a few simple conventions that will minimize the necessity 
to modify existing ODMV1 application code. For example, if use of the new ODMV2 keywords and data 
structures is avoided by agreement between exchange partners, then very little modification of existing 
application code will be necessary. Note that because the OMM was introduced in Version 2 of the ODM, there 
is no version 1 compatible OMM. 

IX. Future Availability in XML Format 
The CCSDS Navigation Working Group is presently in the process of preparing XML schemas that encode 

the data items from the ODM (as well as two other standards developed by the CCSDS Navigation WG). 
Description of the message formats in XML is detailed in an integrated XML schema document for all 
Navigation Data Message Recommended Standards10. The work to produce the XML version of the ODM is 
expected to be completed in late 2010 or early 2011. 

In addition to the several advantages of an XML formatted ODM, one advantage is that it eliminates a 
number of exceptions that have crept into the KVN formatted messages. Such exceptions in some way diminish 
the internal consistency of the standard. For example: for the OPM and OMM, all header, metadata, and data 
lines must use KVN, however, in the OEM, the data does not use KVN. Rather, the OEM ephemeris data line 
has a fixed structure containing seven required fields (epoch time, three position components, three velocity 
components), and three optional acceleration components. As another example, OPM and OMM covariance 
matrices are expressed in KVN, while the OEM covariance matrix is WYSIWYG, easily recognizable as a 6x6 
lower triangular matrix. There are also a number of other ODM keywords for which there are exceptions to the 
KVN syntax assignment. All of these exceptions are avoided in the XML implementation.  

X. Conclusion 
Although the CCSDS has published the ODMV2 Blue Book, which makes it an international standard, there 

are still phases in the ISO process that are necessary for the ODMV2 to replace the ODMV1 as the ISO 
international standard for the representation of a state vector/tabular ephemeris. The work to accomplish this 
will be managed collectively by the Secretariats of the CCSDS and the ISO TC20/SC14. There is also much 
more work to do in the area of infusion of the new standard and conversion from ODMV1 to ODMV2. 
Agencies and operators that have already implemented code to process the ODMV1 standard may be reluctant 
to introduce change, however, it is felt that the updates available in the ODMV2 standard will make upgrade 
desirable.  

One must recognize that international standards are voluntary, consensus documents. They are developed 
because a community has a need. The consensus element means that standards are the way that stakeholders 
agree to operate for mutual benefit, not necessarily the most effective approach for any given participant’s 
operation. After years of deliberation, CCSDS and ISO have achieved that goal. We believe that the 
collaboratively developed ODMV2 represents a substantial improvement over its predecessor.   
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Appendix A 
Acronym List 

 
ASCII American Standard Code for Information Interchange 
AGI  Analytical Graphics Incorporated 
CCSDS  Consultative Committee for Space Data Systems 
CNES Centre National d’Études Spatiales 
CSSI Center for Space Standards and Innovation 
DSN Deep Space Network 
DSST Draper Semi-Analytic Satellite Theory 
EME2000 Earth Mean Equator and Equinox of J2000 (Julian Date 2000) 
ESA European Space Agency 
ESOC European Space Operations Center 
GMV A privately-owned Spanish technological business group... not an acronym 
GSFC Goddard Space Flight Center 
ICD Interface Control Document 
ISO International Organization for Standardization 
ISS International Space Station 
ITRF International Terrestrial Reference Frame 
JAXA Japan Aerospace Exploration Agency 
JPL Jet Propulsion Laboratory 
KVN Keyword = Value Notation 
MEX Mars Express 
NASA National Aeronautics and Space Administration 
NORAD North American Aerospace Defense Command 
ODM Orbit Data Messages 
ODMV1 Orbit Data Messages Version 1 
ODMV2 Orbit Data Messages Version 2 
ODY Mars Odyssey 
OEM Orbit Ephemeris Message 
OMM Orbit Mean-Elements Message 
OPM  Orbit Parameter Message 
RTN  Radial, Transverse (along-track) and Normal 
SELENE Selenological and Engineering Explorer 
SGP4  US Air Force Simplified General Perturbations No. 4 
SOA Service Oriented Architecture 
SOHO Solar and Heliospheric Observatory 
STK Satellite Tool Kit 
TEME True Equator Mean Equinox 
TLE  Two Line Element 
TOD  True Equator and Equinox of Date 
UTC  Coordinated Universal Time 
WG  Working Group 
XML  Extensible Markup Language 
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 Appendix B 
Example Orbit Data Messages 

 
All of the following example orbit data messages are drawn directly from the ODMV22. Note that this is not 

an exhaustive set representing all the possible combinations of ODM features, but it is meant to convey the 
general sense of the messages. Figure 3 consists of a simple OPM. Figure 4 shows several of the optional data 
structures in the OPM (i.e., Keplerian elements, a covariance matrix, and a user defined parameter. Figure 5 
shows a NORAD TLE and Figure 6 the OMM constructed from it; the OMM also includes a synthetic 
covariance matrix. Figure 7 shows an OEM that is compatible with the ODMV11. Figure 8 shows an OEM 
which contains the optional accelerations and covariance matrix. 

 
 

 
CCSDS_OPM_VERS = 2.0 
CREATION_DATE  = 1998-11-06T09:23:57 
ORIGINATOR     = JAXA 
 
COMMENT          GEOCENTRIC, CARTESIAN, EARTH FIXED 
OBJECT_NAME    = GODZILLA 5 
OBJECT_ID      = 1998-057A 
CENTER_NAME    = EARTH 
REF_FRAME      = ITRF-97 
TIME_SYSTEM    = UTC 
 
EPOCH =          1998-12-18T14:28:15.1172 
X =              6503.514000 
Y =              1239.647000 
Z =              -717.490000 
X_DOT =            -0.873160 
Y_DOT =             8.740420 
Z_DOT =            -4.191076 
MASS =           3000.000000 
SOLAR_RAD_AREA =   18.770000 
SOLAR_RAD_COEFF =   1.000000 
DRAG_AREA =        18.770000 
DRAG_COEFF =        2.500000 
 
 
Figure 3. Simple OPM 
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CCSDS_OPM_VERS    =  2.0 
COMMENT  Generated by GSOC, R. Kiehling 
COMMENT  Current intermediate orbit IO2 and maneuver planning data 
CREATION_DATE     =  2000-06-03T05:33:00.000 
ORIGINATOR        =  GSOC 
OBJECT_NAME       =  EUTELSAT W4 
OBJECT_ID         =  2000-028A 
CENTER_NAME       =  EARTH 
REF_FRAME         =  TOD 
TIME_SYSTEM       =  UTC 
COMMENT  State Vector 
EPOCH             =  2006-06-03T00:00:00.000 
X                 =    6655.9942        [km] 
Y                 =  -40218.5751        [km] 
Z                 =     -82.9177        [km] 
X_DOT             =       3.11548208    [km/s] 
Y_DOT             =       0.47042605    [km/s] 
Z_DOT             =      -0.00101495    [km/s] 
COMMENT  Keplerian elements 
SEMI_MAJOR_AXIS   =   41399.5123        [km] 
ECCENTRICITY      =       0.020842611 
INCLINATION       =       0.117746      [deg] 
RA_OF_ASC_NODE    =      17.604721      [deg] 
ARG_OF_PERICENTER =     218.242943      [deg] 
TRUE_ANOMALY      =      41.922339      [deg] 
GM                =  398600.4415        [km**3/s**2] 
COMMENT  Spacecraft parameters 
MASS              =    1913.000         [kg] 
SOLAR_RAD_AREA    =      10.000         [m**2] 
SOLAR_RAD_COEFF   =       1.300 
DRAG_AREA         =      10.000         [m**2] 
DRAG_COEFF        =       2.300 
COV_REF_FRAME = RTN 
CX_X =  3.331349476038534e-04 
CY_X =  4.618927349220216e-04 
CY_Y =  6.782421679971363e-04 
CZ_X =  -3.070007847730449e-04 
CZ_Y =  -4.221234189514228e-04 
CZ_Z =  3.231931992380369e-04 
CX_DOT_X =  -3.349365033922630e-07 
CX_DOT_Y =  -4.686084221046758e-07 
CX_DOT_Z =  2.484949578400095e-07 
CX_DOT_X_DOT =  4.296022805587290e-10 
CY_DOT_X =  -2.211832501084875e-07 
CY_DOT_Y =  -2.864186892102733e-07 
CY_DOT_Z =  1.798098699846038e-07 
CY_DOT_X_DOT =  2.608899201686016e-10 
CY_DOT_Y_DOT =  1.767514756338532e-10 
CZ_DOT_X =  -3.041346050686871e-07 
CZ_DOT_Y =  -4.989496988610662e-07 
CZ_DOT_Z =  3.540310904497689e-07 
CZ_DOT_X_DOT =  1.869263192954590e-10 
CZ_DOT_Y_DOT =  1.008862586240695e-10 
CZ_DOT_Z_DOT =  6.224444338635500e-10 
USER_DEFINED_EARTH_MODEL = WGS-84 
 
Figure 4. OPM with Optional Keplerian Elements, Covariance, and a User Defined Parameter 
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GOES 9 [P] 
1 23581U 95025A   07064.44075725 -.00000113  00000-0  10000-3 0  9250 
2 23581   3.0539  81.7939 0005013 249.2363 150.1602  1.00273272 43169 

 
Figure 5. Example Two Line Element Set (TLE) 

CCSDS_OMM_VERS = 2.0 
CREATION_DATE  = 2007-065T16:00:00 
ORIGINATOR     = NOAA/USA 
 
OBJECT_NAME    = GOES 9 
OBJECT_ID      = 1995-025A 
CENTER_NAME    = EARTH 
REF_FRAME      = TEME 
TIME_SYSTEM    = UTC 
MEAN_ELEMENT_THEORY = SGP4 
 
COMMENT  USAF SGP4 IS THE ONLY PROPAGATOR THAT SHOULD BE USED FOR THIS DATA 
EPOCH             = 2007-064T10:34:41.4264 
MEAN_MOTION       = 1.00273272 
ECCENTRICITY      = 0.0005013 
INCLINATION       =   3.0539 
RA_OF_ASC_NODE    =  81.7939 
ARG_OF_PERICENTER = 249.2363 
MEAN_ANOMALY      = 150.1602 
GM                = 398600.8 
 
EPHEMERIS_TYPE    = 0 
CLASSIFICATION_TYPE = U  
NORAD_CAT_ID   = 23581 
ELEMENT_SET_NO = 0925 
REV_AT_EPOCH      = 4316 
BSTAR             = 0.0001 
MEAN_MOTION_DOT   = -0.00000113 
MEAN_MOTION_DDOT  = 0.0 
 
COV_REF_FRAME = TEME 
CX_X =  3.331349476038534e-04 
CY_X =  4.618927349220216e-04 
CY_Y =  6.782421679971363e-04 
CZ_X =  -3.070007847730449e-04 
CZ_Y =  -4.221234189514228e-04 
CZ_Z =  3.231931992380369e-04 
CX_DOT_X =  -3.349365033922630e-07 
CX_DOT_Y =  -4.686084221046758e-07 
CX_DOT_Z =  2.484949578400095e-07 
CX_DOT_X_DOT =  4.296022805587290e-10 
CY_DOT_X =  -2.211832501084875e-07 
CY_DOT_Y =  -2.864186892102733e-07 
CY_DOT_Z =  1.798098699846038e-07 
CY_DOT_X_DOT =  2.608899201686016e-10 
CY_DOT_Y_DOT =  1.767514756338532e-10 
CZ_DOT_X =  -3.041346050686871e-07 
CZ_DOT_Y =  -4.989496988610662e-07 
CZ_DOT_Z =  3.540310904497689e-07 
CZ_DOT_X_DOT =  1.869263192954590e-10 
CZ_DOT_Y_DOT =  1.008862586240695e-10 
CZ_DOT_Z_DOT =  6.224444338635500e-10 
 
Figure 6. OMM with Optional Synthetic Covariance Matrix 
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CCSDS_OEM_VERS = 2.0 
CREATION_DATE = 1996-11-04T17:22:31 
ORIGINATOR = NASA/JPL 
 
META_START 
OBJECT_NAME         = MARS GLOBAL SURVEYOR 
OBJECT_ID           = 1996-062A 
CENTER_NAME         = MARS BARYCENTER 
REF_FRAME           = EME2000 
TIME_SYSTEM         = UTC 
START_TIME          = 1996-12-18T12:00:00.331 
USEABLE_START_TIME  = 1996-12-18T12:10:00.331 
USEABLE_STOP_TIME   = 1996-12-28T21:23:00.331 
STOP_TIME           = 1996-12-28T21:28:00.331 
INTERPOLATION       = HERMITE 
INTERPOLATION_DEGREE = 7 
META_STOP 
COMMENT  This file was produced by M.R. Somebody, MSOO NAV/JPL, 1996NOV 04. It is 
COMMENT  to be used for DSN scheduling purposes only. 
 
1996-12-18T12:00:00.331  2789.619 -280.045 -1746.755  4.73372 -2.49586 -1.04195 
1996-12-18T12:01:00.331  2783.419 -308.143 -1877.071  5.18604 -2.42124 -1.99608 
1996-12-18T12:02:00.331  2776.033 -336.859 -2008.682  5.63678 -2.33951 -1.94687 
 
   < intervening data records omitted here > 
 
1996-12-28T21:28:00.331 -3881.024 563.959 -682.773  -3.28827 -3.66735 1.63861 
 
 
META_START 
OBJECT_NAME          = MARS GLOBAL SURVEYOR 
OBJECT_ID            = 1996-062A 
CENTER_NAME          = MARS BARYCENTER 
REF_FRAME            = EME2000 
TIME_SYSTEM          = UTC 
START_TIME           = 1996-12-28T21:29:07.267 
USEABLE_START_TIME   = 1996-12-28T22:08:02.5 
USEABLE_STOP_TIME    = 1996-12-30T01:18:02.5 
STOP_TIME            = 1996-12-30T01:28:02.267 
INTERPOLATION        = HERMITE 
INTERPOLATION_DEGREE = 7 
META_STOP 
 
COMMENT  This block begins after trajectory correction maneuver TCM-3. 
 
1996-12-28T21:29:07.267 -2432.166 -063.042 1742.754  7.33702 -3.495867 -1.041945 
1996-12-28T21:59:02.267 -2445.234 -878.141 1873.073  1.86043 -3.421256 -0.996366 
1996-12-28T22:00:02.267 -2458.079 -683.858 2007.684  6.36786 -3.339563 -0.946654 
 
   < intervening data records omitted here > 
 
1996-12-30T01:28:02.267 2164.375 1115.811 -688.131  -3.53328 -2.88452 0.88535 
 
Figure 7. Version 1 OEM Compatible Example (No Acceleration, No Covariance) 
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CCSDS_OEM_VERS = 2.0 
 
COMMENT  OEM WITH OPTIONAL ACCELERATIONS MUST BE OEM VERSION 2.0 
 
CREATION_DATE = 1996-11-04T17:22:31 
ORIGINATOR = NASA/JPL 
 
META_START 
OBJECT_NAME         = MARS GLOBAL SURVEYOR 
OBJECT_ID           = 1996-062A 
CENTER_NAME         = MARS BARYCENTER 
REF_FRAME           = EME2000 
TIME_SYSTEM         = UTC 
START_TIME          = 1996-12-18T12:00:00.331 
USEABLE_START_TIME  = 1996-12-18T12:10:00.331 
USEABLE_STOP_TIME   = 1996-12-28T21:23:00.331 
STOP_TIME           = 1996-12-28T21:28:00.331 
INTERPOLATION       = HERMITE 
INTERPOLATION_DEGREE = 7 
META_STOP 
 
COMMENT  This file was produced by M.R. Somebody, MSOO NAV/JPL, 2000 NOV 04. It is 
COMMENT  to be used for DSN scheduling purposes only. 
1996-12-18T12:00:00.331  2789.6 -280.0 -1746.8  4.73 -2.50 -1.04  0.008 0.001 -0.159 
1996-12-18T12:01:00.331  2783.4 -308.1 -1877.1  5.19 -2.42 -2.00  0.008 0.001  0.001 
1996-12-18T12:02:00.331  2776.0 -336.9 -2008.7  5.64 -2.34 -1.95  0.008 0.001  0.159 
 
   < intervening data records omitted here > 
 
1996-12-28T21:28:00.331 -3881.0  564.0 -682.8 -3.29 -3.67  1.64  -0.003 0.000  0.000 
 
COVARIANCE_START 
EPOCH = 1996-12-28T21:29:07.267 
COV_REF_FRAME = EME2000 
 3.3313494e-04                                                                             
 4.6189273e-04  6.7824216e-04                                                              
-3.0700078e-04 -4.2212341e-04  3.2319319e-04                                               
-3.3493650e-07 -4.6860842e-07  2.4849495e-07  4.2960228e-10                                
-2.2118325e-07 -2.8641868e-07  1.7980986e-07  2.6088992e-10  1.7675147e-10                 
-3.0413460e-07 -4.9894969e-07  3.5403109e-07  1.8692631e-10  1.0088625e-10  6.2244443e-10  
 
EPOCH = 1996-12-29T21:00:00  
COV_REF_FRAME = EME2000 
 3.4424505e-04                                                                             
 4.5078162e-04  6.8935327e-04                                                              
-3.0600067e-04 -4.1101230e-04  3.3420420e-04                                               
-3.2382549e-07 -4.5750731e-07  2.3738384e-07  4.3071339e-10                                
-2.1007214e-07 -2.7530757e-07  1.6870875e-07  2.5077881e-10  1.8786258e-10                 
-3.0302350e-07 -4.8783858e-07  3.4302008e-07  1.7581520e-10  1.0077514e-10  6.2244443e-10  
COVARIANCE_STOP 
 
Figure 8. Version 2 OEM Example with Optional Accelerations and Covariance 



 
American Institute of Aeronautics and Astronautics 

 
 

18 

 

Acknowledgments 
The authors would like to acknowledge all the people at the participating space agencies and in industry that 

have contributed to the development and use of the Orbit Data Messages format. Without their contributions, 
the development of an international standard would have been impossible. 

Special thanks are extended to colleagues who reviewed an early draft of this paper and offered comments. 
They are too numerous to recognize individually.  

Part of the work described in this paper was carried out at the Jet Propulsion Laboratory, California Institute 
of Technology, under a contract with the National Aeronautics and Space Administration. Reference herein to 
any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not constitute or imply its endorsement by the United States Government or the Jet Propulsion Laboratory, 
California Institute of Technology.  Clearance number CL#10-0694 was assigned to this document by JPL 
Document Review Services. 

Part of this work was enabled by corporate support from Analytical Graphics, Inc. In the spirit of 
collaboration and international cooperation, all of this work is in the public domain and accessible to all parties. 
AGI also assumes no liability for the consequences of one employing these standards. 

 

References 
1Orbit Data Messages, Issue 1, CCSDS 502.0-B-1-S, Silver Book, Washington, D.C., September 2004, 

http://public.ccsds.org/publications/archive/502x0b1s.pdf 
2Orbit Data Messages, Issue 2, CCSDS 502.0-B-2, Blue Book, Washington, D.C., November 2009, 

http://public.ccsds.org/publications/archive/502x0b2.pdf 
3Restructured Organization and Processes for the Consultative Committee for Space Data Systems, Issue 2, CCSDS 

A02.1-Y-2, Yellow Book, Washington, D.C., April 2004. 
4Time Code Formats, Issue 3, CCSDS 301.0-B-3, Blue Book, Washington, D.C., January 2002. 
5Data elements and interchange formats - information exchange - Representation of dates and times, Edition 3, ISO 

8601:4004, International Organization for Standardization, Geneva, Switzerland, December 2004. 
6Orbit Data Messages Prototyping Test Plan/Report for CCSDS 502.0-P-1.1, Final Issue, CCSDS 502.1-Y-2, Yellow 

Book, Washington, D.C., August 26, 2009. 
7Pace, S., “Keeping the Space Environment Safe for Civil and Commercial Users,” House Committee on Science and 

Technology, Subcommittee on Space and Aeronautics Hearing, Washington, DC, 04/28/2009. 
8Peterson, G.E.; Gist, R.G.; and Oltrogge, D.L., “Covariance Generation for Space Objects Using Public Data,” AAS 

01-113, AAS/AIAA Space Flight Mechanics Meeting, Santa Barbara, CA, 2001 Feb 11–14. 
9Satellite Tool Kit, Software Package, Ver. 9.x, Analytical Graphics Incorporated, Exton, Pennsylvania, USA, January 

2010. 
10XML Specification for Navigation Data Messages. Draft Recommendation for Space Data System Standards, CCSDS 

505.0-R-2. Red Book. Issue 2. Washington, D.C.: CCSDS, May 2009. 

 


