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STATEMENT OF INTENT

The Consultative Committee for Space Data SysteB3SPS) is an organization
officially established by the management of its rhers. The Committee meets
periodically to address data systems problemsatteatommon to all participants, and
to formulate sound technical solutions to thesélgms. Inasmuch as participation in
the CCSDS is completely voluntary, the results ointittee actions are termed
Recommended Standardsind are not considered binding on any Agency.

This Recommended Standardis issued by, and represents the consensus of, the
CCSDS members. Endorsement of tRiscommendationis entirely voluntary.
Endorsement, however, indicates the following us@edings:

0 Whenever a member establishes a CCSDS-reldtadlard, this standard
will be in accord with the relevarRecommended Standard Establishing
such astandard does not preclude other provisions which a membay m
develop.

0 Whenever a member establishes a CCSDS-redtaadard, that member will
provide other CCSDS members with the following miation:

-- Thestandard itself.
-- The anticipated date of initial operational abitity.
-- The anticipated duration of operational service

0 Specific service arrangements shall be made w@mananda of agreement.
Neither this Recommended Standardnor any ensuingstandard is a
substitute for a memorandum of agreement.

No later than five years from its date of issuartieis,Recommended Standardwill
be reviewed by the CCSDS to determine whether dulsh (1) remain in effect
without change; (2) be changed to reflect the imhpsEfcnew technologies, new
requirements, or new directions; or (3) be retwedanceled.

In those instances when a new version dRecommended Standardis issued,
existing CCSDS-related member standards and implttiens are not negated or
deemed to be non-CCSDS compatible. It is the resipiity of each member to
determine when such standards or implementatiantodse modified. Each member
is, however, strongly encouraged to direct plannfog its new standards and
implementations towards the later version of thedRemended Standard.
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FOREWORD

This document is a Recommended Standard for Attibdta Messages (ADMs) and
has been prepared by the Consultative Committe8gace Data Systems (CCSDS).
The set of attitude data messages described inRtbi®mmended Standard is the
baseline concept for attitude representation im dtatierchange applications that are
cross-supported between Agencies of the CCSDS.

This Recommended Standard establishes a commorevirark and provides a
common basis for the interchange of attitude dat#. allows implementing

organizations within each Agency to proceed cohbremith the development of
compatible derived standards for the flight andugb systems that are within their
cognizance. Derived Agency standards may impleroslyta subset of the optional
features allowed by the Recommended Standard andimoarporate features not
addressed by this Recommended Standard.

Through the process of normal evolution, it is etpd that expansion, deletion or
moadification to this document may occur. This Reazended Standard is therefore
subject to CCSDS document management and chang®icprocedures, as defined
in the Procedures Manual for the Consultative CommitteeSpace Data Systems

Current versions of CCSDS documents are maintaahéie CCSDS Web site:

http://www.ccsds.org/

Questions relating to the contents or status @f doicument should be addressed to
the CCSDS Secretariat at the address indicatecga ip
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1 INTRODUCTION
1.1 PURPOSE

1.1.1 This Attitude Data Message (ADM) Recommended Stahdaecifies two
standard message formats for use in transferriragespaft attitude information
between space agencies: the Attitude Parameterdges?®APM) and the Attitude
Ephemeris Message (AEM). Such exchanges are osed f

— preflight planning for tracking or attitude estiriogt support;
— scheduling attitude and data processing support;

— carrying out attitude operations;

— performing attitude comparisons;

— carrying out attitude propagations and/or sensediptions;

— testing to initialize sub-system simulators (cominations, power, etc.).

1.1.2 This Recommended Standard includes sets of reqeirmand criteria that
the message formats have been designed to meet. eXebanges where these
requirements do not capture the needs of the [maticg agencies, another
mechanism may be selected.

1.2 SCOPE AND APPLICABILITY

1.2.1 This document contains two attitude data messagesigrked for applications
involving data interchange in space data systehig rationale behind the design of
each message is described in ANNEX E and may Hepapplication engineer to
select a suitable message. Definition of theuattitaccuracy underlying a particular
attitude message is outside of the scope of thi®Renended Standard and should be
specified via Interface Control Document (ICD) beém data exchange participants.
Applicability information specific to each Attitudeata Message format appears in
sections 3 and 4, as well as in annex subsection E3

1.2.2 This Recommended Standard is applicable only tontessage format and
content, but not to its transmission. The transiois of the message between
agencies is outside the scope of this documenshadld be specified in an ICD or
by following a CCSDS standard on transmission.

1.2.3 Description of the message formats based on thefube eXtensible Markup

Language (XML) is available. Agencies should sfyecvia ICD, the ASCII file - { Commentaire [LA2]: Note : XML
naed (Kewword VValiie Notation TKNK XMIY 0000 0 section will be included later (when
format to be exchanged (Keyword Value Notation [K\GX XML). the KVN format is approved by the
group)
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1.3 CONVENTIONS AND DEFINITIONS

The following conventions apply throughout this Bexnended Standard:
a) the words ‘shall’ and ‘must’ imply a binding andrif@ble specification;
b) the word ‘should’ implies an optional, but desigldpecification;
c) the word ‘may’ implies an optional specificatiomda

d) the words ‘is’, ‘are’, and ‘will’ imply statements fact.

1.4 STRUCTURE OF THIS DOCUMENT

1.4.1 Section 2 provides a brief overview of the CCSD&remended Attitude
Data Message types, the Attitude Parameter Meggd®jd) and Attitude Ephemeris
Message (AEM).

1.4.2 Section 3 provides details about the structurecamdent of the APM.

1.4.3 Section 4 provides details about the structurecamdent of the AEM.

1.4.4 Section 5 provides details regarding syntax ofAR& and AEM messages.

p { Commentaire [LA3]: "ANNEX" to be
1.4.5 /ANNEX Al provides the Implementation Conformance t&taent (ICS) -~ | transformed into "Annex

requirements list.

1.4.6 ANNEX B provides a list of approved values for stéel keywords in the
ADM metadata sections.

1.4.7 ANNEX C details the conventions relative to ADM datised in this
document.

1.4.8 ANNEX D gives the complete list of changes betwd®M versions 1 and 2.

1.4.9 ANNEX E lists a set of requirements that were taikea consideration in the
design of the APM and AEM, along with tables andcdssion regarding the
applicability of the two message types to variodstuale estimation tasks and
functions.

1.4.10 ANNEX F lists a number of items that should be cedein ICDs prior to
exchanging ADMs on a regular basis. There arerabggatements throughout the
document that refer to the desirability or necgssft such a document; this annex
lists all the suggested ICD items in a single plagte document.

1.4.11 ANNEX G is a list of abbreviations and acronymslagle to the ADM.

1.4.12 ANNEX H is a list of informative references.
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1.4.13 ANNEX | is relative to security, SANA, and patertnsiderations.

1.5 REFERENCES

The following documents contain provisions whichrotigh reference in this text,
constitute provisions of this Recommended Standatithe time of publication, the

editions indicated were valid. All documents ambject to revision, and users of this
Recommended Standard are encouraged to investigatgossibility of applying the

most recent editions of the documents indicatecvbel The CCSDS Secretariat
maintains a register of currently valid CCSDS Regmnded Standards.

[1]

(2]

(3]

[4]

[5]

Information Technology—=8-Bit Single-Byte Coded GiepCharacter Sets—
Part 1: Latin Alphabet No..1 International Standard, ISO/IEC 8859-1:1998.
Geneva: 1SO, 1998.

United Nations Office of Outer Space Affairs sételldesignator/index,
searchable at<http://www.unoosa.org/oosa/osoingex

JPL Solar System Dynamics Pasadena, CA, USA: JPL.
<http://ssd.jpl.nasa.gov>

Time Code Formats Recommendation for Space Data System Standards,
CCSDS 301.0-B24. Blue Book. Issue34. Washington, D.C.: CCSDS,

January-2002November 2010

XML Specification for Navigation Data Messaged3raft Recommendation for
Space Data System Standards, CCSDS 505.0-R-1. Hee#t. Issue 1.
Washington, D.C.: CCSDS, November 2005.

[6] IEEE Standard for Binary Floating-Point ArithmeticlEEE Std 754-1985.
New York: IEEE, 1985.

[7] Orbit Data Messages Recommendation for Space Data System Standards,
CCSDS 502.0-B:2. Blue Book. Issuet2. Washington, D.C.: CCSDS,
September2004November 2009

NOTE — Alist of informative references can be fdun ANNEX H.
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2 OVERVIEW
2.1 ATTITUDE DATA MESSAGE TYPES

2.1.1 Two CCSDS-recommended Attitude Data Messages (ADdvisHescribed in
this Recommended Standard: the Attitude Parametesshyje (APM) and the
Attitude Ephemeris Message (AEM).

2.1.2 The recommended attitude data messages are ASKlifdemat. While
binary-based attitude data message formats are wtempfficient and minimize
overhead on uplinked/downlinked data streams, thare ground-segment
applications for which an ASCII character-based sage is more appropriate. For
example, when files or data objects are creatathusixt editors or word processors,
ASCII character-based attitude data format reptesiens are necessary. They are
also useful in transferring text files between hegeneous computing systems,
because the ASCII character set is nearly univgraaked and is interpretable by all
popular systems. In addition, direct human-reaslatdwnloads of text files or
objects to displays or printers are possible wittlpyaprocessing. The penalty for this
convenience is inefficiency.

2.1.3 As currently specified, an APM or AEM file is tomesent attitude data for a
single vehicle.

2.2 ATTITUDE PARAMETER MESSAGE (APM)

2.2.1 An APM specifies the attitude state of a singleecbjat a specified epoch.
This message is suited to inter-agency exchangat (i) involve automated
interaction and/or human interaction, and (2) do mguire high-fidelity dynamic

modeling (for high-fidelity dynamic modeling, se8 2Attitude Ephemeris Message).

2.2.2 The APM requires the use of a propagation techniquketermine the attitude
state at times different from the specified epdeading to a higher level of effort for
software implementation than for the AEM. Whenriia frames are specified, the
APM is fully self-contained and no additional infieation is required to specify the
attitude; if local orbital frames are specifiedenthan APM must beised—in
conjunction—withaccompanied by a correspondirg—Qrbit Parameter Messag
(referencd7]}).

2.2.3 The APM allows for modeling of any number of finitaneuvers and simple
modeling of solar radiation pressure and atmosphterique. Note that an Orbit
Parameter Message (OPM) is needed for proper satéation pressure modeling.
The attributes of the APM also make it suitabledpplications such as exchanges by
FAX or voice, or applications where the messagw ibe frequently interpreted by
humans.
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2.3 ATTITUDE EPHEMERIS MESSAGE (AEM)

2.3.1 An AEM specifies the attitude state of a singleeabjat multiple epochs,

contained within a specified time range. The AEM suited to inter-agency

exchanges that (1) involve automated interactiorg.,(ecomputer-to-computer

communication where frequent, fast, automated tivterpretation and processing are
required), and (2) require higher fidelity or higlpeecision dynamic modeling than is
possible with the APM (e.g., flexible structurespre complex attitude movement,
etc.).

2.3.2 The AEM allows for dynamic modeling of any numbdrtorques (solar
pressure, atmospheric torques, magnetics, etchje AEM requires the use of an
interpolation technique to interpret the attituthtes at times different from the tabular
epochs.

2.3.3 The AEM is fully self-contained; no additional imfoation is required when
inertial reference frames are specified. If lomddital reference frames are specified,
then an AEM must be used in conjunction with an iOEphemeris Message

(referencd7]F}).
2.4 EXCHANGE OF MULTIPLE MESSAGES

For a given object, multiple APM or AEM messagesyrba provided in a message
exchange session to achieve attitude fidelity regquénts. If attitude information for
multiple objects is to be exchanged, then multhdkM or AEM files must be used.

2.5 DEFINITIONS

Definitions of time systems, reference frames,tuaté estimation and prediction
methods and models are provided in referefieé][H4]. o= { Commentaire [LA4]: Note : reference is

OK, but link does not work.
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3 ATTITUDE PARAMETER MESSAGE (APM)
3.1 OVERVIEW

3.1.1 Attitude information may be exchanged between tadigipants by sending
the attitude state (see refererjegt][H4}) for a specified epoch using an Attitude - { Commentaire [LAS]: Note : referenc%
Parameter Message (APM). The message recipiertthraue an attitude propagator L is OK, butlink does not worl
available that is able to propagate the APM stateompute the estimated attitude at

other desired epochs. For this propagation, additi ancillary information

(spacecraft properties such as inertia matrix,uergectors, and maneuver planning

data, if applicable) shall be included with the segge.

3.1.2 The use of the APM shall be applicable under tileviong conditions:
— an attitude propagator shall be available at theiver's location;

— the receiver's modeling of satellite attitude dymesn atmospheric torque,
other internal and external torques (e.g., magngtiavitational, etc.), thrust
maneuvers, and attitude control (see refer@rd&H41) must fulfill accuracyj - *[Commentaire [LA6]: Same rema ]

requirements established via an ICD between thecgs

3.1.3 The APM shall be a text file consisting of attitudiea for a single object. It
shall be easily readable by both humans and comgpute

3.1.4 The APM file naming scheme shall be agreed to orase-by-case basis
between the participating agencies, and shouldberdented in an Interface Control
Document (ICD). The method of exchanging APMs Ishaldecided on a case-by-
case basis by the participating agencies and dauachén an ICD.

3.2 APM CONTENT

3.2.1 GENERAL

The APM shall be represented as a combinationeofdtowing:
a) a header;
b) metadata (data about the data);
c) optional comments (explanatory information); and

d) data.

CCSDS 504.0-B-1 Page 3-1 May 2008



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

3.2.2 APM HEADER

3.2.2.1Table3-13-1specifies for each header item:

a) the keyword to be used;

b) a short description of the item;

c) whether the values are normative (N) values orguatnples (E);

d) values (either the list of all normative valuesegamples);

e) whether the item is mandatory or optional.

3.2.2.20nly those keywords shown in tallel-3-1 shall be used in an APM header.

Table 3-1: APM Header

Keyword Description N/E Values Mandatory

CCSDS_APM VERS Format version in the form of ‘x.y’, where 'y’ is N .o Yes | - [ Commentaire [LA7]: Next official version}
incremented for corrections and minor changes,>ind|
is incremented for major changes.

COMVENT Comments (allowed at the beginning of the APM E This is a No
Header after the APM version number). Each comment coment
line shall begin with this keyword.

CREATI ON_DATE File creation date/time in one of the followingrfats: E 2001-11- Yes
YYYY-MM-DDThh:mm:ss[.d—d] or 06T11:17: 33
YYYY-DDDThh:mm:ss[.d—d] 2001-
where ‘YYYY' is the year, ‘MM’ is the two-digit 101T11:17:33
month, ‘DD’ is the two-digit day, ‘DDD’ is the thee
digit day of year, ‘T’ is constant, ‘hh:mm:ssfi]’ is
the UTC time in hours, minutes, seconds, and ogtior]
fractional seconds. As many ‘d’ characters toritlet
of the period as required may be used to obtain the
required precision. All fields require leadingasr

ORI G NATOR Creating agency E CNES Yes
The value for the "ORIGINATOR" keyword "should" ESCC
come from the SANA Registry. GSFC

GSCC
JPL
JAXA
O her agency
3.2.3 APM METADATA
3.2.3.1Table3-23-2specifies for each metadata item:
a) the keyword to be used;
b) a short description of the item;
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c) whether the values are normative (N) values orguatnples (E);

d) values (either the list of all normative valuessgamples);

e) whether the item is mandatory or optional.

3.2.3.20nly those keywords shown in tal#e23-2 shall be used in APM metadatla.
For some keywords (OBJECT_NAME, OBJECT_ID, CENTERME) there are no

definitive lists of authorized values maintainedaygontrol authority; the references
listed in 1.5 and annex H are the best known seuareauthorized values to date.

Table 3-2: APM Metadata

Keyword

Description

Values

Mandatory

COMMENT

Comments (allowed only at the beginninghaf
APM Metadata before OBJECT_NAME). Each
comment line shall begin with this keyword.

This is a comment

No

OBJECT_NAME

Spacecraft name of the object corregpanto the
attitude data to be given. There is no CCSDS-
based restriction on the value for this keyword, tu

it is recommended to use international designators

from the UN Office of Outer Space Affairs.

EUTELSAT W1
MARS PATHFINDER

Yes

OBJECT_ID

Spacecralft identifier of the object cepending to
the attitude data to be given. While there is no
CCSDS-based restriction on the value for this

keyword, it is recommended to use names fromthe

UN Office of Outer Space Affairs.

2000-052A

Yes

CENTER_NAME

Origin of reference frame, which mayzeatural

solar system body (planets, asteroids, comets, gnd

natural satellites), including any planet barycente
or the solar system barycenter, or another
spacecraft (in this the value for

‘CENTER_NAME’ is subject to the same rules as
for ‘'OBJECT_NAME’). There is no CCSDS-
based restriction on the value for this keyword, hu

for natural bodies it is recommended to use nanjes

from the NASA/JPL Solar System Dynamics
Group (referencg@J2H.

EARTH
EARTH BARYCENTER
MOON

No

TIME_SYSTEM

Time system used for attitude and mareudata
values is enumerated in annex B, with an excerpt
provided in the ‘Normative Values/Examples’
column. Explanations of these time systems cap
be found inNavigation Definitions and
ConventiongreferencgH4][H4}).

[CONTENTS

LAl
the names should be given on a single line, using
white space as separator. The order does not

B e e e e LI

EULER
ANGVEL
SPIN
INERTA
MANEUVER
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3.24 APM DATA

3.24.1 Table3-33-3provides an overview of the six logical blockstlire APM Data
section (attitude quaternion, attitude Euler angkgsin data, angular velocity data,
spacecraft parameters, maneuver parameters), anifiep for each data item:

a) the keyword to be used;

b) a short description of the item;

c) whether the values are normative (N) values orguatnples (E);
d) values (either the list of all normative valuesegamples);

e) whether the item is mandatory or optional.

3.2.4.2 Only those keywords shown in tabbe33-3 shall be used in APM data. Some
remarks concerning the keywords in tabl@3-3appear immediately after the table.

3.2.4.3 There shall be as many logical blocks as necessary.

3.2.4.4 Any particular type of block may be repeated sdveres.

Table 3-3: APM Data

- N/E Values / units Mandat
Keyword Description
ory
COMMENT One or more comment line(s). Each commieet $hall E This is a comment No
begin with this keyword.
EPOCH Epoch of the attitude elements & optionaidalg E 2001-11- Yes
blocksand-denotes-a-spacecrafteventtime 06T11:17:33
Block: Attitude Quaternion
All mandatory elements are to be provided if tracklis present.
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commiexet $hall E This is a comment No
begin with this keyword.
HLOCKDATA _START | Indicator of start ofjuaternion dathlock Nn/a QUATERNIONN/a Yes
DOATA _TYPE Type of data N QUATERNION Yes _ = { Commentaire [LA9]: Added to make }
Q-REFFRAME_A Name of the reference frame that defines the starti E SC_BODY_1 Yes processing easi
point of the transformation-Fhe-rame-of the-refeeen STARTRACKER
frame specifying one frame of the transformatiohose
direction-is-specified-using the keyword-Q-DTFhe full
set of values is enumerated in annex B. For aitlefi - . -
of these various frames, the reader is directeeffénence ) /{ g"f;ﬁ forme : Police :8 pt, Condensé deJ
Agitat. L= ,
*_~ " 7 Mis en forme : Police :8 pt, Couleur de ’_{
\ police : Automatique, Vérifier |'orthographe
. | et la grammaire, Condensé de 0,1 pt

Mis en forme : Police :8 pt, Condensé de
0,1 pt
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_ N/E Values / units Mandat
Keyword Description
ory
QOREF -FRAME_B Name of the reference frame that defines the eimd pq E ICRF Yes
of the transformation-—Name-of thereference-frame INSTRUMENT_A
B i e s NN
whose direction is specified using the keyword (RD|
The full set of values is enumerated in annex Br &
definition of these various frames, the readeiriscted
to Navigation Definitions and Conventiogeference
massy. ] jJ\ == { Mis en forme : Police :8 pt ]
. ] Mis en forme : Police :8 pt, Couleur
Q-BIR N A2B Ne D de police : Automatique, Vérifier
B2A S, I'orthographe et la grammaire
{ Mis en forme : Police :8 pt ]
Q-FRAME_Btothe Q_FRAME_A.
e e e e A
Q1 q *sin(6/2) n/a n/a Yes
0 = rotation angleel = 1st component of rotation axig
Q2 e *sin(6/2) n/a n/a Yes
0 = rotation angl, €2 = 2nccomponent of rotation a
Q3 e *sin(6/2) n/a n/a Yes
6 = rotation anglee3 = 3rd component of rotation axi
QC cos@/2) n/a n/a Yes
6 = rotation angle
Q1 DOT Derivative of @ n/a 1/s No
Q2_DOT Derivative of @ n/a 1/s No
Q3 _DOT Derivative of @ n/a 1/s No
QC_DOT Derivative of @ n/a 1/s No
BLOGKDATA_STOP Indicator of end ofjuaternion dathlock Nn/a | QUATERNIONN/a Yes |
Block: Euler angle elements |
All mandatory elements of the logical block aréeéoprovided if the block is present.
All obligatory elements are to be provided if thedk is present. |
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commieret $hall E This is a comment No
begin with this keyword.
DATA_STARTBLOCK | Indicator of start of data blockindicator-of staft n/aN n/aEULER YesYes
_START EULER block
DATA_TYPE Type of data N EULER Yes
REF EULERFRAME_ | Name of the reference frame that defines the starti E SC_BODY_1 Yes
A point of the transformation—Fhe-rame-of the-rafeee STARTRACKER_1
e e e e
e e e
EULER-BIR-The full set of values is enumerated in
annex B. For a definition of these various frantles,
reader is directed to refereggelfi44t. (| ] jJ\ _ - { Mis en forme : Police :8 pt J
. Mis en forme : Police :8 pt, Couleur

CCSDS 504.0-B-1
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_ N/E Values / units Mandat
Keyword Description
ory
HEF_-EULERFRAME_ | Name of the reference frame that defines the eird pq E LVLH Yes
g of the transformation--Name-of the-reference-frame SC_BODY_1
e e e e e e
whose direction is specified using the keyword
EULER-DIR-The full set of values is enumerated in
annex B.
HULER-DIR Rotation direction of the attitude Euler-angles. N A2B No
b = e e e e e e e
B e IR
EULER-_FRAME_Ato-the EULER-_FRAME-B.
e b e e
EULER-_FRAME_Bto-the EULER-_FRAME_A.
By default, the transformation direction is A2B.
HULER_ROT_SEQ Rotatioarder sequation that defines the-ef the E XYz Yes
EULERREF FRAME_A toEULERREF FRAME_B ZXZ
or vice versa, as specified using the EULER_DIR
keywerdtransformation The order of the
transformation is from left to right, where thetfebst
letter represents the rotation axis of the firsation.
ANGLE_1 Angle of the first rotatio n/e dec Yes
ANGLE_2 Angle of the second rotation n/aj deg Yes
ANGLE_3 Angle of the third rotation n/a deg Yes
ANGLE_1_DOT Time derivative of angle of the firstation n/a degls No
ANGLE_2_DOT Time derivative of angle of the secaoathtion n/a degls No
ANGLE_3 DOT Time derivative of angle of the thimtation n/a deg/s No
OATA_STOPBLOCK:- | Indicator of end of data bloekindicator-of-end of n/aN | n/aEULER YesYes
grop EULER block
Block: angular velocity vector
Il ebligatory mandatorelements are to be provided if the block is present
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commieet $hall E This is a comment No
begin with this keyword.
OATA_STARTBLOCK | Indicator of start of data bloeklndicatorof staft n/aN | n/aANGVEL Yes
START ANGVEL block
OATA_TYPE Type of data N ANGVEL Yes
HEF_-ANGVEL-FRAM | Name of the reference frame that defines the starti E SC_BODY_1 Yes
HA point of the transformatior—Fhe-rame-of the rafeee ICRF
frame specifying one frame of the transformation,
B e
ANGVEL-DIR.-The full set of values is enumerated jn
annex B. For a definition of these various frantles,
reader is directed to referengeifi4. | (] e ‘[ Mis en forme : Police :8 pt ]
‘. | Mis en forme : Police :8 pt, Couleur de

‘.| police : Automatique, Vérifier l'orthographe
\ | et la grammaire
\

{ Mis en forme : Police :8 pt J
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. N/E Values / units Mandat
Keyword Description
ory
REF_-ANGVEL-FRAM [ Name of the reference frame that defines the eird pq E ICRF Yes
E_B of the transformation-—Name-of thereference-frame INSTRUMENT_A
B i e s NN
whose direction is specified using the keyword
SPIN-DIR--The full set of values is enumerated in
annex B.
ANGVEL DIR Rotation direction of the angular velocity vector, N A2B No
B e e ] [=R2XN
B e et IR
ANGVEL-FRAME-A-to-the ANGVEL-_FRAME-B.
e e e
ANGVEL-FRAME B to-the ANGVEL-FRAME-A.
By default. the transformation direction is A2B.
ANGVEL_FRAME Reference frame in which the comporsenttthe N REF -ANGVEL-FRAME_ Yes
angular velocity vector are given. A
REF_ANGVEL-FRAME_
B
ANGVEL_X Component of the angular velocity vector on thexis n/s deg/: Yes
ANGVEL_Y Component of the angular velocity vectar the Y axis n/a deg/s Yes
ANGVEL_Z Component of the angular velocity vectortbe Z axis n/a deg/s Yes
DATA STOPRBLOCK- | Indicator of end of data bloekindicater-of-end of n/aN n/aANGVEL YesYes
STOP ANGVEL block
Block: Spin
All ebligatery mandatorelements are to be provided if the block is present |
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commieret $hall E This is a comment No
begin with this keyword.
DATA_STARTBLOCK | Indicator of start of data blockindicator-of staftSPIN n/aN n/aSPIN YesYes
_START block
DATA TYPE Type of data N SPIN Yes |
REF_-SPINFRAME_A | The name of the reference frasjeecifying-ene E SC_BODY_1 Yes
framethat defines the starting point-efthé ICRF
transformationwhese-direction-is-specified-using the
keyword-SPIN-DIR. The full set of values is
enumerated in annex B. For a definition of these
various frames, the reader is directed to reference
e o I R
\
REF_-SPINFRAME_B | The name of the reference frame that defines tte en E ICRF Yes \\
point of the transformation—-Name-of thereference SC_BODY_1
frame specifying the second portion-of the
transformation, whose direction is specified ughmey
keyword-SPIN-DIR.The full set of values is
enumerated in annex B.
CCSDS 504.0-B-1 Page 3-7 May 2008
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_ N/E Values / units Mandat
Keyword Description
ory
which frame the transformation is to: B2A
e e -
SPIN-FRAME_A to-the-SPIN-FRAME- B
B e R I
SPIN-FRAME_B-to-the-SPIN-FRAME- A
D e e e e
SPIN_ALPHA Right ascension of spin axis vector n/ deg Yes
SPIN_DELTA Declination of the spin axis vector n/a deg Yes
SPIN_ANGLE Phase of the satellite about the spin . n/e dec Yes
SPIN_ANGLE_VEL Angular velocity of llite arousgin axis n/a deg/s Yes
NUTATION Nutation angle of spin axis n/a deg Yes
NUTATION_PER Body nutation period of the spin axis n/a s Yes
NUTATION_PHASE Inertial nutation phase n/a deg Yes
OATA_STOPBLOCK- | Indicator of end of data bloeklndicator-of-end-6fiS n/aN | n/aSPIN YesYes
grop block
Block: Inertia
Il ebligatory mandatorelements are to be provided if the block is present
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commiexet $hall E This is a comment No
begin with this keyword.
OATA_STARTBLOCK | Indicator of start of data bloektrdicatorofstaft n/aN | n/aiNERTA YesYes
-START INERTHA-bloek
OATA_TYPE Type of data N INERTIA Yes
INERTIA_REF_FRAM | Coordinate system for the inertia tensor. E SC_BODY_1 Yes
E Allowed values for this keyword are enumerated in
annex B.
IXX Moment of Inertia about the X-axis n/a kg*m**2 Yes
1YY Moment of Inertia about the Y-axis n/a kg*m**2 Yes
122 Moment of Inertia about the Z-axis n/a kg*m**2 Yes
IXY Inertia Cross Product of the X & Y axes n/a kg2 Yes
IXZ Inertia Cross Product of the X & Z axes n/al Rg*2 Yes
IYZ Inertia Cross Product of the Y & Z axes n/al Rg*2 Yes
OATA_STOPRPBLOGCK- | Indicator of end of data bloekirdicaterof-end of n/aN | n/aiNERTA YesYes
grop INERTHA-bloek
Block: Maneuver Parameters
All obligatory elements are to be provided if thedk is present.
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each commieret $hall E This is a comment No
begin vith this keyword
OATA_STARTBLOCK | Indicator of start of data blockindicator-of staft n/aN n/aMANEUVER YesYes
ISTART INERTIA block
OATA_TYPE Type of data N MANEUVER Yes
MAN_EPOCH_START | Epoch of start of maneuver n/g n/a Yes
MAN_DURATION Maneuver duration n/a s Yes
MAN_REF_FRAME Coordinate system for the torque wect n/a n/a Yes
Allowed values for this keyword are enumerated in
annexB.

CCSDS 504.0-B-1
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_ N/E Values / units Mandat
Keyword Description
ory

MAN_TOR_X 1% component of the torque vector n/a| N*m Yes
MAN_TOR_Y 2" component of the torque vector n/al N*m Yes
MAN_TOR_Z 3% component of the torque vector n/al N*m Yes
DATA_STOPBLOCK- | Indicator of end of data bloekindicator-of-end-oAM n/aN | n/aMANEUVER YesYes
STOF block

3.2.5 REMARKS
3.2.5.1 DATA FORMAT

3.2.5.1.1 See ‘CREATION_DATE’ in table3-13-1 or see referencé]f4} for examples of‘
how to format the EPOCH and MAN_EPOCH_START. Ntiat any epoch specified
denotes a spacecraft event time.

3.2.5.1.2 In specifying the EPOCH of the message, care meigaken if UTC is used as
the TIME_SYSTEM. If an APM message reports atttudiring a time of leap seconds, the
system making use of the message should be albkrégnize 60 as a valid value for the
seconds (e.g., 200x-xx-xxT23:59:58.000 .. 200x%x%X23:59:59.000 .. 200x-xx-
XxT23:59:60.000 .. 200x-xx-xxT00:00:00.000)

3.2.5.2 GENERAL

3.2.5.2.1 It may become necessary to utilize particular oirfibrmation to process Euler
angle elements or a local orbit frame (e.g., LVIQEW) properly. An approach to this is to
add a ‘COMMENT’ block specifying a particular OPMessage to use in conjunction with a
particular APM.

3.2.5.2.2 Specification of Euler angle rotations around oplye or two axes may be
handled by entering the appropriate sequence fd#sired one or two axis rotation and
freely choosing the final axis of rotation and giyia value of zero for the rotation angle.

3.2.6 APM KEYWORD SET

3.2.6.1 The header shall provide a CCSDS Attitude Data Bigssversion number that
identifies the format version; this is included daticipate future changes. The version
keyword shall be CCSDS_APM_VERS and the value stwlé the form of ‘x.y’, where 'y’
shall be incremented for corrections and minor geanand ‘x’ shall be incremented for
major changes. Version 1.0 shall be reservedhieiirtitial version accepted by the CCSDS
as an official Recommended Standard (‘Blue Bool'gsting shall be conducted using APM
version numbers less than 1.0 (e.g., 0.x). Pp#ditig agencies should specify in the ICD
the specific APM version humbers they will support.
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3.2.6.2 The header shall include the CREATION_DATE keywuwith the value set to the
Coordinated Universal Time (UTC) when the file wa®ated, formatted according to
referencel4]f4}. A description of APM header keywords and valigegrovided in table

3-13-1

3.2.6.3 The first header line must be the first non-blank in the file.

3.2.6.4 Only those keywords shown in tablgd-3-1, 3-23-2 and3-33-3shall be used in an
APM. Some keywords represent obligatory items some are optional. KVN assignments
representing optional items may be omitted.

3.3 APM EXAMPLES

_- Commentaire [LA10]: List of examples %
te

\FiguresSi-ls-lthroughS;%LSare examples of Attitude Parameter Messbges. . has been reduced. Examples will be ada
”””””” to show more possibilitie:

CCSDS_APM VERS = 1.0

CREATI ON_DATE = 2003- 09- 30T19: 23: 57

ORI G NATOR = GSFC

COMMVENT GECCENTRI C, CARTESI AN, EARTH FI XED
COMVENT OBJECT_ID:  1997- 009A

COWENT $ITIM = 1997 NOV 21 22:26: 18. 40000000, $ original launch tine
OBJECT_NAME = TRW

OBJECT_I D = 1997- 009A

CENTER_NAME = EARTH

TI ME_SYSTEM = UTC

COMVENT Current attitude for orbit 335
COMVENT Attitude state quaternion

COMVENT Accuracy of this attitude is 0.02 deg RSS.
EPOCH = 2003-09-30T14: 28: 15. 1172
BLOCKDATA_START

DATA TYPE = QUATERNI ON = QUATERN-ON
REF_Q-FRAME_A A——= SC_BODY_1

REF_Q-FRAME_B —= | TRF-97

ObR——=A28

QA = 0. 00005

(07} = 0.87543

X = 0.40949

C = 0.25678

BLOCKDATA _STOP = QUATERNION

Figure 3-1: APM File containing quaternion
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CCSDS_APM VERS = 1.0

CREATI ON_DATE = 2006- 03- 13T13: 13: 33

ORI G| NATOR = GSFC

OBJECT_NAME = GCES-P

OBJECT_I D = 2006- 003A

CENTER_NAME = EARTH

TI ME_SYSTEM = UTC

COMVENT GEOSYNCHRONQUS, CARTESI AN, EARTH FI XED

COMMENT OBJECT_I D: 2006- 003A
COMMENT $I TIM = 2006 FEB 5 03:23: 45. 60000000, $ original |aunch time

COMVENT Attitude given by Euler angles

EPCCH = 2006-03-12T09: 56: 39. 4987

COMVENT Eul er angl es

BLOCKDATA_START

DATA_TYPE = EULER=—EULER

REF_EULER-FRAME A = SC BODY_1

REF_EULER-FRAME B~ —= | TRF-97

EULER DIR— = A2B

EULER ROT_SEQ = YXY

ANGLE 1 = -26.78 [deg]

ANGLE_2 = 46.26 [deg]

ANGLE 3 = 144.10 [deg]

BLOCK_STOPDATA_STOP = EULER

Figure 3-2: APM File Example with Euler Angles
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CCSDS_APM VERS = 1.0

CREATI ON_DATE = 2004- 02- 14T19: 23: 57

ORI G NATOR = JPL

OBJECT_NAME = MARS SPIRIT

OBJECT_I D = 2004- 003A

CENTER_NAME = EARTH

TI ME_SYSTEM = urc

COMMENT GEOCENTRI C, CARTESI AN, EARTH FI XED
COWMENT OBJECT_I D 2004- 003

COWENT  $ITIM = 2004 JAN 14 22:26:18.400000, $ original launch tine 14: 36
COMVENT Generated by JPL

COMVENT Current attitude for orbit 20 and attitude maneuver
COMVENT pl anni ng dat a.

EPOCH = 2004- 02- 14T14: 28: 15. 1172

COMVENT Attitude state quaternion
BLOCK-—STARTDATA_START =

DATA TYPE = QUATERNI ON

REF_Q-FRAVE_A = | NSTRUMENT_A

REF_Q-FRAVE_B = | TRF-97

e —

Q = 0.03123

Q = 0.78543

o] = 0.39158

00} = 0.47832

BLOCKDATA_STOP = QUATERNION

COMMVENT Spacecraft Paraneters
BLOCKDATA_START

DATA TYPE = I NERTI A

Hr——— XX = 6080.0 [kg*nt*2]
22— 1YY = 5245.5 [kg*nt*2]
HRB—127Z = 8067.3 [kg*nt*2]
M2 | XY = -135.9 [kg*nt*2]
H3——— I XZ = 89.3 [ kg*nm¥*2]
23— 1YZ =-90.7 [ kg*nm¥*2]
BLOCKDATA STOP = -NERTIA

COMVENT Data follows for 1 planned maneuver.
COMVENT First attitude nmaneuver for: MARS SPIRT
COMMVENT I npul sive, torque direction fixed in body frame
BLOCK—STARTDATA_START

DATA TYPE = MANEUVER

MAN_EPOCH_START = 2004- 02- 14T14: 29: 00. 5098

MAN_DURATI ON =3 [s

MAN_REF_FRAME = | NSTRUMENT_A

MAN_ TOR +———X =-1.25 [ N*nj

MAN_TOR 2—————Y =-0.5 [ N*ni

MAN. TOR 3————Z =0.5 [ N*nj
BLOCKDATA_STOP —

Figure 3-3: APM File Example with various contents
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4 ATTITUDE EPHEMERIS MESSAGE (AEM) | Code de champ modifié \

7777777777777777777777777777777777777777777777777 \ Code de champ modifié \

4.1 OVERVIEW

4.1.1 Attitude state information may be exchanged betwparticipants by sending an
ephemeris in the form of a series of attitude staiging an Attitude Ephemeris Message
(AEM). The message recipient must haveuitablemeans of interpolating across the}se
attitude states to obtain the attitude state atrhitrary time contained within the span of the
attitude ephemeris.

4.1.2 The AEM shall be a text file consisting of attitudigta for a single object. It shall be
easily readable by both humans and computers.

4.1.3 The file naming scheme shall be agreed to on a-lopsase basis between the
participating agencies, typically using an Inteef&ontrol Document (ICD). The method of
exchanging AEMs shall be decided on a case-by4gasis by the participating agencies and
documented in an ICD.

4.2 AEM CONTENT

4.2.1 GENERAL

4.2.1.1 The AEM shall be represented as a combinationefdahowing:
a) aheader;
b) metadata (data about data);
c) optional comments (explanatory information); and

d) attitude data.
4.2.1.2 AEM files must have a set of minimum required satwii some may be repeated.

4.2.1.3 Table4-14-1outlines the contents of an AEM.
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Table 4-1: AEM File Layout Specifications

Item Mandatory ?
Header Yes
Metadata 1
Segment 1 Data 1 Yes
Metadata 2
Segment 2 Data 2 No
Body
. No
Metadata n
Segment n Data n No

4.2.2 AEM HEADER

4.2.2.1 The AEM header assignments are shown in tédkld-2 which specifies for each

item:

a) the keyword to be used;

b) a short description of the item;

c) whether the values are normative (N) values orguatmples (E);

d) values (either the list of all normative valuesegamples);

e) whether the item is mandatory or optional.

4.2.2.2 Only those keywords shown shall be used in an AEsder.
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Table 4-2: AEM Header

Keyword Description N/E Values Mandatory

CCSDS_AEM VERS | Format version in the form of ‘x.y’, where ‘y’ is N .o 1 Yes
incremented for corrections and minor changes,>nd
is incremented for major changes.

COMVENT One or more comment lines. E This is a No
Each comment line shall begin with this keyword. coment .

CREATI ON_DATE File creation date/time in one of the followingrfeats: E 2001-11- Yes
YYYY-MM-DDThh:mm:ss[.d—d] or 06T11:17:33
YYYY-DDDThh:mm:ss[.d—d]
where ‘YYYY' is the year, ‘MM’ is the two-digit
month, ‘DD’ is the two-digit day, ‘DDD’ is the thee
digit day of year, ‘T" is constant, ‘hh:mm:ssfal]’ is
the UTC time in hours, minutes, seconds, and ogtion|
fractional seconds. As many ‘d’ characters torigiet
of the period as required may be used to obtain the
required precision. All fields require leadingasr

ORI G NATOR Creating agency. E CNES Yes

ESCC
GSFC
GsoC
JPL
JAXA
etc...

4.2.3 AEM METADATA

4.2.3.1 The AEM metadata assignments are shown in t&3lé-3 which specifies for eacA

item:

a) the keyword to be used;

b) a short description of the item;

c) whether the values are normative (N) values orguatnples (E);

d) values (either the list of all normative valuesegamples);

e) whether the item is mandatory or optional.

4.2.3.2 Only those keywords shown shall be used in AEM degta For some keywords

(OBJECT_NAME, OBJECT_ID, CENTER_NAME) there are miefinitive lists of /

known sources for authorized values to date.
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Table 4-3: AEM Metadata

Keyword

Description

N/E

Values

Mandato
ry

META_START

The AEM message contains both metadata an
attitude ephemeris data; this keyword is used
delineate the start of a metadata block within tl
message (metadata are provided in a block,
surrounded by ‘META_START’ and
‘META_STOP’ markers to facilitate file
parsing). This keyword must appear on a line
itself.

dn/a

ne

by

n/a

Yes

COMVENT

Comments allowed only at the beginning of th
Metadata section. Each comment line shall be|
with this keyword.

pin

This is a comment.

No

OBJECT_NAME

Spacecraft name of the object corresponding f]
the attitude data to be given. There is no
CCSDS-based restriction on the value for this
keyword, but it is recommended to use
international designators from the UN Office o
Outer Space Affairs.

b E

EUTELSAT WL

Yes

OBJECT_I D

Spacecraft identifier of the object correspondir
to the attitude data to be given. While thereds
CCSDS-based restriction on the value for this
keyword, it is recommended to use names frol
the UN Office of Outer Space Affairs.

=

n

2000- 052A

Yes

CENTER_NAME

Origin of reference frame, which may be a
natural solar system body (planets, asteroids,
comets, and natural satellites), including any
planet barycenter or the solar system barycen
or another spacecraft (in this the value for
‘CENTER_NAME' is subject to the same rules
as for ‘OBJECT_NAME’). There is no CCSDY
based restriction on the value for this keyword
but for natural bodies it is recommended to us
names from the NASA/JPL Solar System
Dynamics Group (refereng@][3}).

er,

b

EARTH
STS 106

No

~ - 7 Mis en forme : Police :8 pt, Couleur de

REF_FRANE_A

Name of the reference frame that defines the
starting point of the transformatien-Fhe-rame
the reference frame specifying one frame of th
transformation, whose direction-is-specified
using-the keyword ATTITUDE_DIR.The full
set of values is enumerated in annex B. For a|
definition of these various frames, the reader i
directed toNavigation Definitions and

=

| CRF
SC_BODY_1
| NSTRUMENT_A

Yes

police : Automatique

_ '[ Mis en forme : Police :8 pt }
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Keyword

Description

N/E

Values

Mandato
ry

REF_FRAME_B

Name of the reference frame that defines the ¢
point of the transformationName-of the-referen
frame specifying the second portion of the
transformation,-whose-direction-is-specified
using the keyword ATTITUDE_DIR The full
set of values is enumerated in annex B. For a|
definition of these various frames, the reader i

ndE
ce

SC_BODY_1
I NSTRUVENT_A

Yes

directed to referenggi4lfH4}.

Retation-direction-of the-attitude-speeifying fro|
which frame the transformation is to:
b e e
REF—FRAME_A to-the REF-FRAME- B

e e e
REF_FRAME_B tcthe REF_FRAME_A

m N

1-- [ Mis en forme : Police :8 pt ]

— - -

. ] Mis en forme : Police :8 pt, Couleur
‘.| de police : Automatique, Vérifier
\ | l'orthographe et la grammaire
\

{ Mis en forme : Police :8 pt J

TI ME_SYSTEM

Time system used for both attitude ephemeris

enumerated in annex B. Explanations of thes|
time systems can be foundNavigation
Definitions and Conventior{seference

AHAIH4Y).

| - = 1 Mis en forme : Police :8 pt, Vérifier
l'orthographe et la grammaire

I'orthographe et la grammaire

START_TI ME

Start of TOTAL time span covered by attitude
ephemeris data immediately following this
metadata block. The START_TIME time tag &
a new block of attitude ephemeris data must b
equal to or greater than the STOP_TIME time
tag of the previous block.

1996- 12-
18T14:28:15. 1172

Yes

- { Mis en forme : Police :8 pt, Vérifier }

L jl == ’[ Mis en forme : Police :8 pt

‘. | Mis en forme : Police :8 pt, Couleur
‘.| de police : Automatique, Vérifier
\ | l'orthographe et la grammaire
\

{ Mis en forme : Police :8 pt ]

USEABLE_
START_TI ME,

USEABLE_
STOP_TI ME

Optional start and end of USEABLE time span|
covered by attitude ephemeris data immediate)
following this metadata block. To allow for
proper interpolation near the ends of the attitu
ephemeris data block, it may be necessary,
depending upon the interpolation method to bg
used, to utilize these keywords with values
within the time span covered by the attitude
ephemeris data records as denoted by the
START/STOP_TIME time tags.

1996- 12-
18T14:28:15. 1172

No

STOP_TI ME

End of TOTAL time span covered by the attitu
ephemeris data immediately following this
metadata block. The STOP_TIME time tag fo
the block of attitude ephemeris data must be
equal to or less than the START_TIME time ta|

le E

of the next block.

1996- 12-
18T14. 28:15. 1172

Yes
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Keyword Description Values Mandato
N/E ry
ATTI TUDE_TYPE | The format of the data lines in the message. This N QUATERNI ON Yes
keyword must have a value from the set specified QUATERNI ON DERI VATI
at the right. See 4.2.5 for details of the data VE
contained in each line. QUATERNI ON ANGVEL
EULER_ANGLE
EULER_ANGLE/ DERI VAT
| VE
EULER ANGLE/ANGVEY | |
SPI N
SPI N NUTATI ON
[QUATERNI-ON- Theplacement-of the-scalarportion-of the N FHRST Ne
TYPE_ _quaternion{(QC)intheattitudedata—This _ | __ [&AST | [ ___
keyword shall be provided if the
ATTITUDE_TYPE used in the message denotgs
S
EULER_ROT_SEQ | The rotation sequence of the Euler angles that E ZXZ No
rotate from REF_FRAME_A to XYz
REF_FRAME_B-ervice-versa-as-speeified
using the ATTITUDE_DIR keyword This
keyword is applicable only if
ATTITUDE_TYPE specifies the use of Euler
angles. See—fordetails-onrotation-sequence
conventions.
RATE_FRAME The frame of reference in which Euler rates areg N REF_FRAME_A No
specified. The allowed values are shown at right. REF_FRAME B
This keyword is applicable only if
ATTITUDE_TYPE specifies the use of rates in|
conjunction with either quaternions or Euler
angles.
| NTERPOLATI ON | Recommended interpolation method for attitude E LI NEAR No
_METHOD ephemeris data in the block immediately HERM TE
following this metadata block. | agr ange
| NTERPOLATI ON | Recommended interpolation degree for attitude E 5 No
_DEGREE ephemeris data in the block immediately 1
following this metadata block. It must be an
integer value. This keyword must be used if tHe
‘INTERPOLATION_METHOD' keyword is
used.
META_STOP The end of a metadata block within the messapen/ a | n/ a Yes
The AEM message contains both metadata and
attitude ephemeris data; this keyword is used {o
delineate the end of a metadata block within the
message (metadata are provided in a block,
surrounded by ‘META_START’ and
‘META_STOP’ markers to facilitate file
parsing). This keyword must appear on a line py
itself.
CCSDS 504.0-B-1 Page 4-18 May 2008
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4.2.3.3 Keywords START_TIME, USEABLE_START_TIME, USEABLE_®P_TIME,
and STOP_TIME all denote a spacecraft event time.

4.2.4 AEM DATA
4.2.4.1 See 4.2.5, Attitude Ephemeris Data Lines, for djpations regarding AEM data.

4.2.4.2 The Data section of the AEM shall be delineatedthy ‘DATA_START' and
‘DATA_STOP’ keywords. These keywords are intendedacilitate parsing, and will also
serve to advise the recipient that all the attitdd& records associated with the immediately
preceding AEM Metadata section have been receitredr@tionale for including this is that
data volumes can be very large, so knowing whel#ta begins and ends is desirable). The
AEM recipient may process the ‘DATA_STOP’ keywosla'‘local’ end-of-file marker.

4.2.5 ATTITUDE EPHEMERIS DATA LINES

4.2.5.1 For AEMSs, each set of attitude ephemeris dataudicl the time tag, must be
provided on a single line. Tabfe44-4lists the allowable combinations of data itemghwj
each item following the same definition as giveriable3-33-3 The order in which the dat
items are given shall be fixed as in talilé4-4 with the exception of Euler angle data fpr
which the order of angle data must correspond witlie sequence given by
EULER_ROT_SEQ.

4.2.5.2 The choice of one of the formats in table44-4 shall be specified via th$
ATTITUDE_TYPE keyword in the metadata.
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Table 4-4: Types of Attitude Ephemeris Data Lines

ATTI TUDE_TYPE

Keyword Value Ephemeris Data Line
Quaternion Options (note that keywords and valpgear only in Metadata)
|| QUATERNI-ON-TYPE FIRST NCA
QUATERNI ON Epoch, [@C, Q, @, @ |
Epoch, QC, QI, @, @8

QUATERNI ON/ DERI VATI VE

QUATERNI ON/ |ANGVEL

Epoch, C, Q1, @, GB,
X_RATE,Y_RATE, - Z RATE

- ANGVEL- X~ ANGVEL-Y, - - - - - ==

ANGVEL Z

LAST

N-A

ATTI TUDE_TYPE

QUATERNI ON

QUATERNI ON/ DERI VATI VE

QUATERNI ON/ |ANGVEL]

Euler Angle Options (note that keywords and vakgsear only in Metadata)

ATTI TUDE_TYPE

EULER_ANGLE

Epoch,
ANGLE_1, ANGLE_2, ANGLE 3

EULER_ANGLE/ DERI VATI VE

EULER_ANGLE/ ANGVEL|

Epoch,
ANGLE_1, ANGLE_2,

ANGVEL_Y, ANGVEL Z

Spin Axis Options (note that keywords and valugseap only in Metadata)

ATTI TUDE_TYPE

SPI N

Epoch,

SPI N_ALPHA, SPI N_DELTA,
SPI N_ANGLE,

SPI N_ANGLE_VEL

SPI N/ NUTATI ON

Epoch,

SPI N_ALPHA, SPI N_DELTA,
SPI N_ANGLE,

SPI N_ANGLE_VEL, NUTATI ON,
NUTATI ON_PER,

NUTATI ON_PHASE

4.2.5.3 The units used shall be the following:
— dimensionless: EPOCH, Q1, Q2, Q3, QC;
— 1/s: Q1_DOT, Q2_DOT, Q3_DOT, QC_DOT;
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— deg:  ANGLE_1, ANGLE_2, ANGLE= 3, SPIN_ALPHA, SPINELTA,
SPIN_ANGLE, NUTATION, NUTATION_PHASE;

— deg/s: ANGVEL_X, ANGVEL_Y, ANGVEL_Z, SPIN_ANGLE_VE
— s: NUTATION_PER.

4.2.5.4 FORMAT

4.2.5.4.1 At least one space character must be used to sepghmitems in each attitude
ephemeris data line.

4.2.5.4.2 See ‘CREATION_DATE'’ in table-13-1 or see referencé]f4} for examples of
how to format the EPOCH. Note that any epoch $igelcilenotes spacecraft event time.

4.2.5.4.3 In specifying the EPOCH of the message, care maigaken if UTC is used as
the TIME_SYSTEM. If an AEM message reports attwhlring a time of leap seconds, the
system making use of the message should be albkrognize 60 as a valid value for the
seconds (e.g., 200x-xx-xxT23:59:58.000 .. 200x%x%23:59:59.000 .. 200x-xx-
xXT23:59:60.000 .. 200x-xx-xxT00:00:00.000)

4.2.5.5 TECHNICAL

4.2.5.5.1 Attitude ephemeris data lines must be ordered byeasing time, and time tags
must not be repeated, except in the case whereST@P_TIME of a set of attitude
ephemeris data lines is equal to the START_TIMEheffollowing set of attitude ephemeris
data lines. The time step duration may vary withifiven AEM.

4.2.5.5.2 The TIME_SYSTEM value must remain fixed within a&M.

4.2.5.5.3 The occurrence of a second (or greater) metadatek bhfter some attitude
ephemeris data shall indicate that interpolatiangisucceeding attitude ephemeris data with
attitude ephemeris data occurring prior to thatatiata block shall not be done. This method
may be used for proper modeling of propulsive maeeu or any other source of a
discontinuity such as eclipse entry or exit.

4.25.5.4 Details about the interpolation method should beecdied using the
INTERPOLATION_METHOD and INTERPOLATION_DEGREE keywds within the
AEM. All data blocks must contain a sufficient noen of attitude ephemeris data records to
allow the recommended interpolation method to beieth out consistently throughout the
AEM.

4.2.5.5.5 Specification of Euler angle rotations around opolye or two axes may be

handled by entering the appropriate sequence tod#sired one or two axis rotation and
freely choosing the final axis of rotation and giyia value of zero for the rotation value.
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4.2.6 AEM KEYWORD SET

4.2.6.1 The header shall provide a CCSDS Attitude Data Bligssversion number that
identifies the format version; this is included daticipate future changes. The version
keyword shall be CCSDS_AEM_VERS and the value dimle the form of ‘x.y’, where 'y’

is incremented for corrections and minor changed,'® is incremented for major changes.
Version 1.0 shall be reserved for the initial vensaccepted by the CCSDS as an official
Recommended Standard (‘Blue Book’). Testing shallconducted using AEM version
numbers less than 1.0 (e.g., 0.x). Participatipgnaies should specify in the ICD the
specific AEM version numbers they will support.

4.2.6.2 The header shall include the CREATION_DATE keywuwiith the value set to the
Coordinated Universal Time (UTC) when the file veasated, according to referenggf4t.
A description of AEM header keywords and valugsresvided in tablel-24-2

4.2.6.3 The first header line must be the first non-blank in the file.

4.2.6.4 Only those keywords shown in table4-2 and4-34-3 shall be used in an AEM.
Some keywords represent obligatory items and soreeoptional. KVN assignments
representing optional items may be skipped. The WSEABLE_START/STOP_TIME
keywords, marked as optional items, may not be ssarg depending on the recommended
interpolation method. (It is safer to use the USEEBSTART/STOP_TIME capability in
all cases.)

4.2.6.5 A single METADATA group shall precede each attitueighemeris data block.
Multiple occurrences of a METADATA group followed lan attitude ephemeris data block
may be used (e.g., METADATA, DATA, METADATA, DATAetc.).

4.2.6.6 Before each METADATA group the string ‘META_STARTEhall appear on a

separate line and after each METADATA group (anfbteethe associated DATA_START
keyword) the string ‘META_STOP’ shall appear oreparate line.
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4.3 AEM EXAMPLE

2 { Mis en forme : Condensé de 0,3 pt J

omitted.

CCSDS_AEM VERS = 1.0
CREATI ON_DATE = 2002- 11- 04T17: 22: 31
ORI G NATOR = NASA/ JPL

META_START

COWENT This file was produced by MR Sonebody, MSOO NAV/JPL, 2002 OCT 04.

COMMENT It is to be used for attitude reconstruction only. The relative accuracy of these
COMMENT  attitudes is 0.1 degrees per axis.

OBJECT_NAME = MARS GLOBAL SURVEYOR
OBJECT_I D = 1996- 062A

CENTER_NANMVE = mars barycenter
REF_FRAVE_A = EME2000

REF_FRAVE_B = SC_BODY_1
ATTITUDE IR = A2B

TI ME_SYSTEM = Urc

START_TI ME = 1996- 11- 28T21: 29: 07. 2555

USEABLE_START_TI ME
USEABLE_STCP_TI ME

1996- 11-28T22: 08: 02. 5555
1996- 11-30T01: 18: 02. 5555

STOP_TI ME = 1996- 11-30T01: 28: 02. 5555
ATTI TUDE_TYPE = QUATERNI ON
B

I NTERPOLATI ON_METHOD = herni te
| NTERPOLATI ON_DEGREE = 7
NETA_STOP

DATA_START
1996- 11- 28T21: 29: 07. 2555 0.56748  0.03146  0.45689  0.68427
1996- 11- 28722: 08: 03. 5555 0.42319  -0.45697 0.23784  0.74533
1996- 11- 28T722: 08: 04. 5555 -0.84532 0.26974  -0.06532 0.45652

< intervening data records onmtted here >
1996- 11- 30T01: 28: 02. 5555 0.74563  -0.45375 0.36875 0.31964

DATA_STOP

META_START

COWMENT  This bl ock begins after trajectory correcti on maneuver TCM 3.
OBJECT_NAME = mars gl obal surveyor
OBJECT_I D = 1996- 062A

CENTER_NAME = MARS BARYCENTER
REF_FRAVE_A = EME2000

REF_FRAVE_B = SC_BODY_1
ATTHTUDE DIR = A2B

TI ME_SYSTEM = urc

START_TI ME = 1996- 12- 18T12: 05: 00. 5555

USEABLE_START_TI ME
USEABLE_STCP_TI ME

1996- 12-18T12: 10: 00. 5555
1996- 12-28T21: 23: 00. 5555

STOP_TI ME = 1996- 12- 28T21: 28: 00. 5555
ATTI TUDE_TYPE = QUATERNI ON

QUATERNI ON_TYPE = LAST

NETA_STOP

DATA_START

1996- 12- 18T12: 05: 00. 5555 -0. 64585 0.018542  -0.23854 0.72501

1996- 12- 18T12: 10: 05. 5555 0.87451  -0.43475 0.13458 -0.16767

1996- 12-18T12: 10: 10. 5555 0. 03125 -0.65874  0.23458 -0.71418
< intervening records onmtted here >

1996- 12- 28T21: 28: 00. 5555 -0.25485 0.58745 -0.36845 0.67394

DATA_STOP
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Figure 4-1: AEM Example

4.3.2 Figure4-24-2is an example of an AEM describing a spinning epeaft. Note that
some attitude ephemeris lines were omitted.

CCSDS_AEM VERS = 1.0
CREATI ON_DATE =
ORI GI NATOR =

META_START
OBJECT_NAME
OBJECT_I D =
CENTER_NANE =
REF_FRAME_A =
REF_FRAME_B =
ATTITUDE_DIR =
TI ME_SYSTEM =
START_TI ME =
USEABLE_START_TI ME =
USEABLE_STOP_TIME =
STOP_TI ME =
ATTI TUDE_TYPE =
NETA_STOP

DATA_START

COMVENT
2006- 090T05:
2006- 090T05:
2006- 090TO5:
2006- 090T05:
2006- 090T05:
2006- 090TO05:
2006- 090TO5:
2006- 090TO05:

DATA_STOP

00:
00:
00:
00:
00:
00:
00:
00:

2008-071T17:09: 49
GSFC FDF

= ST5-224

2006224
EARTH

J2000

SC_BODY_1

A28

utc

2006- 090T05: 00: 00. 071
2006- 090TO05: 00: 00. 071
2006- 090TO5: 00: 00. 946
2006- 090TO5: 00: 00. 946

SPI N

Spi n KF ground sol ution, SPINKF rates
.071  2.6862511e+002 6.8448486e+001
.196  2.6863990e+002 6.8432197e+001
.321  2.6864591e+002 6.8412960e+001
.446  2.6863697e+002 6.8392049e+001
.571  2.6861072e+002 6.8371266e+001
.696  2.6856625e+002 6.8353279e+001
.821  2.6850631e+002 6.8340398e+001
.946  2.6843571e+002 6.8332398e+001

ONORRRRR

. 5969509e+002
. 4593720e+002
. 3218766e+002

1845280e+002

. 0473305e+002

1030304e+001

. 7341548e+001
. 3662262e+001

-1
-1
-1
-1
-1
-1
-1
-1

0996528e+002
0996493e+002
0996455e+002
0996402e+002
0996370e+002
0996339e+002
0996317e+002
0996304e+002

CCSDS 504.0-B-1
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5 ADM SYNTAX

5.1 INTRODUCTION

This section details the syntactical requiremeatsattitude messages. All APM and AEM
messages shall observe the syntax described iecidrss 5.2 through 86.

5.2 APM

The APM shall be a plain text file, using keywomrsdriptions given in 3.2.1 through 3.2.6.

5.3 AEM

The AEM shall be a plain text file, using the keydalescriptions given in 4.2.1 through
4.2.6.

5.4 LINES

5.4.1 Each APM and AEM line must not exceed 2B&CII characters and spaces
(excluding line termination character[s]).

5.4.2 Only printable ASCII characters and blanks shallubed. Control characters (such
as TAB, etc.) shall not be used, except as indichétow for the termination of lines.

5.4.3 Blank lines may be used at any position withinfttee

5.4.4 Comment lines shall be optional. See 5.8.2 fomifetegarding the placement of
comment lines in an APM. See 5.8.3 for detailardipg the placement of comment lines in
an AEM.

5.4.5 APM and AEM lines shall be terminated by a singlgriage Return or a single Line
Feed, or a Carriage Return/Line Feed pair or a Eieexd/Carriage Return pair.
5.5 KEYWORDS

5.5.1 All header, metadata, and APM data lines, with pioas as noted in 5.5.8, shall use
‘keyword = value’ notation, abbreviated as KVN.

5.5.2 Only a single ‘keyword = value’ assignment shalhib&de on a line.
5.5.3 Keywords must be uppercase and must not contaik®la

5.5.4 Any white space immediately preceding or followitlge keyword shall not be
significant.

CCSDS 504.0-B-1 Page 5-1 May 2008



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

5.5.5 Any white space immediately preceding or followithge ‘equals’ sign shall not be
significant.

5.5.6 Any white space immediately preceding the endrad 8hall not be significant.

5.5.7 The order of occurrence of obligatory and optidkisN assignments shall be fixed
as shown in table8-13-1, 3-23-2 and3-33-3for the APM, and as shown in tablés24-2
and 4-34-3for the AEM. Exceptions to this rule for the APdall be for quaternion and
Euler angle ordering, as described in 3.2.5.

5.5.8 The keywords COMMENT, META_START, META_STOP, DATAT8RT and
DATA_STOP, and AEM data lines are exceptions tok@& syntax.

5.6 VALUES

5.6.1 The range of values for angle measurements is d@§fees <= x <= 360 degrees. If
agencies wish to exchange using radians, this teistpecified in an ICD because it is
nominally outside the standard.

5.6.2 Blanks shall not appear within numeric values ame tvalues.

5.6.3 Integer values shall consist of a sequence of dddaifigits with an optional leading
sign (‘+' or *-). If the sign is omitted, ‘+' sHhbe assumed. Leading zeros may be used.
The range of values that may be expressed asegems:

-2 147 483 648 <= x <= +2 147 483 647 (i.e3' &= x <= Z11).

5.6.4 Non-integer numeric values may be expressed ireteftRed-point or floating-point
notation. Both representations may be used wahidPM or an AEM.

5.6.4.1 Non-integer numeric values expressed in fixed-poiotation shall consist of a
sequence of decimal digits separated by a period decimal point indicator, with an
optional leading sign (‘+’ or *-’). If the sign iemitted, ‘+' shall be assumed. Leading and
trailing zeros may be used. At least 1 digit iguieed before and after a decimal point. The
number of digits shall be 16 or fewer.

5.6.4.2 Non-integer numeric values expressed in floatingHpootation shall consist of a
sign, a mantissa, an alphabetic character indigdtie division between the mantissa and
exponent, and an exponent, constructed accorditigetfollowing rules:

— The sign may be ‘+’ or *-’. If the sign is omitted’ shall be assumed.

— The mantissa must be a string of no more than tBnd digits with a decimal point
‘. in the second position of the ASCII string, seating the integer portion of the
mantissa from the fractional part of the mantissa.
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— The character used to denote exponentiation skalEbor ‘e’. If the character
indicating the exponent and the following exporema omitted, an exponent value of
zero shall be assumed (essentially yielding a fixeitt value).

— The exponent must be an integer, and may haver eithe or ‘-’ sign (if the sign is
omitted, then ‘+' shall be assumed).

— The maximum positive floating-point value is approately 1.798E+308, with
precision of 16 significant decimal digits. Thenimium positive floating-point value
is approximately 4.94E-324, with precision of 1grsficant decimal digits.

5.6.5 These specifications for integer, fixed-point, dledting-point values conform to the
XML specifications for the data types four-byteeiger ‘xsd:int’, ‘decimal’ and ‘double’
respectively. The specifications for floating-powalues conform to the IEEE double
precision type (referendé]f6}). Floating-point numbers in IEEE extended-singldEEE |
extended-double precision may be represented, dueqlire an ICD between participating
agencies because of their implementation-spectfiibates (referencé6]f6}). Note that|
NaN, +Inf, -Inf, and -0 are not supported values.

5.6.6 Text value fields must be constructed using orllyippercase or all lowercase.

5.6.7 A non-empty value field must be specified for e&elyword provided, except as
noted in 5.5.8.

5.6.8 In value fields that are text, an underscore shallequivalent to a single blank.
Individual blanks between non-blank characters|dbalretained (shall be significant) but
multiple blanks shall be equivalent to a singlenkla

5.6.9 In value fields that represent a timetag or epacte of the following two formats
shall be used:

YYYY-MM-DD:Thh:mm:ss[.d—Fd][Z] ‘
or

YYYY-DDDThh:mm:ss[.d-F1d][Z] ‘

where ‘YYYY' is the year, ‘MM’ is the two-digit math, ‘DD’ is the two-digit day, ‘DDD’

is the three-digit day of year, ‘T’ is constanth!inm:ss[.d-[d] is the time in hours, minute{s
seconds, and optional fractional seconds; ‘Z’ isogtional time code terminator (the only
permitted value is ‘Z’ for Zulu, i.e., UTC). Alldlds shall have leading zeros. See reference
[4]F4}, ASCII Time Code A and B.
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5.7 UNITS
5.7.1 APM RESTRICTIONS

For clarity, units may be included as ASCII texteafa value, but they must exactly match
the units specified in table33-3(including case). If units are displayed, then:

a) there must be at least one blank character bettheevalue and the units text;
b) the units must be enclosed within square bracleets, ([deg]’);
¢) multiplication of units shall be denoted with agisasterisk * (e.g., [N*m]’).

d) exponents of units shall be denoted with a doubtersk **' (e.g., ‘[kg*m**2]").

5.7.2 AEM RESTRICTIONS

5.7.2.1 Units shall not be displayed; the applicable uaits determined by the value set for
the ATTITUDE_TYPE keyword.

5.8 COMMENTS
5.8.1 GENERAL

5.8.1.1 All comment lines shall begin with thedweNT’ keyword followed by at least one
space. This keyword must appear on every comniat ot just the first such line. The
remainder of the line shall be the comment val\éhite space shall be retained (shall be
significant) in comment values.

5.8.1.2 Comments may be used to provide provenance infawmair to help describe
dynamical events or other pertinent informationoasgted with the data. This additional
information is intended to aid in consistency cleakd elaboration where needed, but shall
not be required for successful processing of a file

5.8.1.3 There are certain pieces of information that prewithrity and remove ambiguity
about the interpretation of the information in ke, fiyet are not standardized so as to fit
cleanly into the ‘keyword = value’ paradigm. Ratltean force the information to fit into a
space limited to one line, the APM or AEM produséiould put certain information into
comments and use the ICD to provide further spetifins.

5.8.1.4 The following comment should be provided in an ARM AEM message:
information regarding the genesis, history, intetgtion, intended use, etc., of the attitude
state and any additional information that may bes# to the receiver of the APM or AEM.
Example:

COMMENT Source: File created by GSFC Flight Dynanmics Facility as part
COMMVENT of Launch QOperations Readi ness Test held on 15 July 2004.
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5.8.2 APM SPECIFIC

5.8.2.1 Comments are optional and may appear only at tgahieg of the APM Header
and APM Metadata sections, as shown in taBl€ds3-1 and 3-23-2 In the APM Data|
section, comments shall appear only at the beginofra logical block. Comments must not
appear between the components of any logical blo¢chke APM Data section. The logical
blocks in the APM Data section are indicated idg&h33-3 |

5.8.2.2 The following type of comment may be provided ast jph the APM to provide
information regarding the attitude estimation aacyr

COMMENT The 1-sigma accuracy determ ned by the GSFC Fli ght
COMMENT Dynanmics Facility for this attitude sol ution was
COVMMENT [0.02670 0.00945 0.00832] DEG

The purpose of this comment is to enable some fie@n on the quality of the attitude
estimate. The interpretation of the message ovahees placed herein should be specified in
an ICD.

5.8.3 AEM SPECIFIC
5.8.3.1 General

Comments are optional and may appear only after sghecification of the keyword
CCSDS_AEM_VERS, at the beginning of Metadata sasti@nly after META_START and
before OBJECT_NAME), and immediately following thBATA START keyword.

Comments must not appear between attitude ephenuaia lines, nor after the
DATA_STOP keyword.

5.8.3.2 AEM Accuracy vs. Efficiency

The producer of an AEM may optionally report in coent lines the expected accuracy of
the attitude ephemeris. The user may then useatiditional information to smooth or
otherwise compress the data without affecting tireueacy of the attitude, but is not required
to utilize this information to successfully proceb&® message. The AEM producer also
should strive to achieve not only the best accupassible, taking into account prediction
errors, but also consider the efficiency of thetude representation (e.g., step sizes of
fractional seconds between attitude ephemeris lmeg be necessary for precision scientific
reconstruction of an attitude, but may be excessigme cases).
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ANNEX A‘ _ - Commentaire [LA19]: Annex A will have
”””””””””””””””” to be updated

IMPLEMENTATION CONFORMANCE
STATEMENT (ICS) PROFORMA

(NORMATIVE)

Al INTRODUCTION
Al1 OVERVIEW

This annex provides the Implementation ConformaBtaement (ICS) Requirements List
(RL) for an implementation of [Specification]. TH&S for an implementation is generated- { Commentaire [LA20]: To be updated |

by completing the RL in accordance with the indinrs below. An implementation
claiming conformance must satisfy the mandatoryiregqents referenced in the RL.

Al1.2 ABBREVIATIONS AND CONVENTIONS

The RL consists of information in tabular form. eT$tatus of features is indicated using the
abbreviations and conventions described below.

Item Column
The item column contains sequential numbers fonstén the table.
Feature Column

The feature column contains a brief descriptive edor a feature. It implicitly means “Is
this feature supported by the implementation?”

Status Column

The status column uses the following notations:

- M mandatory;
- 0 optional;

- C conditional;
- X prohibited;

-1 out of scope;

- N/A not applicable.
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Support Column Symbols

The support column is to be used by the implementstate whether a feature is supported
by entering Y, N, or N/A, indicating:

Y Yes, supported by the implementation.
N No, not supported by the implementation.
N/A  Not applicable.

The support column should also be used, when apptepto enter values supported for a
given capability.

A1.3 INSTRUCTIONS FOR COMPLETING THE RL

An implementer shows the extent of compliance te Recommended Standard by
completing the RL; that is, the state of compliang#h all mandatory requirements and the
options supported are shown. The resulting comglBleis called an ICS. The implementer

shall complete the RL by entering appropriate raspe in the support or values supported
column, using the notation described in A1.2. Haaditional requirement is inapplicable,

N/A should be used. If a mandatory requiremenbissatisfied, exception information must

be supplied by entering a reference Xherei is a unique identifier, to an accompanying
rationale for the noncompliance.

A2 ICS PROFORMA FOR [SPECIFICATION]
A2.1 GENERAL INFORMATION

A2.1.1 Identification of ICS

Date of Statement (DD/MM/YYYY)

ICS serial number

System Conformance statement
cross-reference

A2.1.2 Identification of Implementation Under Test

Implementation Name

Implementation Version

Special Configuration

Other Information
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A2.1.3 Identification of Supplier

Supplier

Contact Point for Queries

Implementation Name(s) and Versions

Other information necessary for full
identification, e.g., name(s) and version(s)
for machines and/or operating systems;

System Name(s)

A2.1.4 ldentification of Specification

[CCSDS Document Number]

Have any exceptions been required? Yes[] Nol[]

NOTE - A YES answer means that the implementation does not
conform to the Recommended Standard. Non-supported
mandatory capabilities are to be identified in the ICS, with
an explanation of why the implementation is non-
conforming.

A2.2 REQUIREMENTS LIST

[See CCSDS A20.1-Y-1CCSDS Implementation Conformance Statemérgdow Book,
Issue 1, April 2014).]
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ANNEX B
VALUES FOR SELECTED KEYWORDS

(NORMATIVE)
Bl OVERVIEW

The values in this annex represent the acceptahliges for selected keywords. Each
keyword’s values delineated here are presentlireedan APM or AEM message. For details

If exchange partners wish to use different settittysy should be documented in an ICD.

B2 [TIME_SYSTEM METADATAKEYWORD &
TIME_SYSTEM Value Meaning/Description \‘\
GMST Greenwich Mean Sidereal Time \
GPS Global Positioning System

MET Mission Elapsed Time

MRT Mission Relative Time

SCLK Spacecraft Clock (receiver)

TAI International Atomic Time

TCB Barycentric Coordinated Time

TDB Barycentric Dynamical Time

T Terrestrial Time

UT1 Universal Time

UTC Coordinated Universal Time

Note that if MET or MRT are chosen as the TIME_S¥M, then the epoch of either the
start of the mission for MET, or of the event foRW, should either be given in a comment
in the message, or provided in an ICD. The timaesysfor the start of the mission or the
event should also be provided in the comment ol@i2 If these values are used for the
TIME_SYSTEM, then the times given in the file demeat duration from the mission start or
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(DO)

These timing systems are not
synchronized with the ODM, and the
ODM is not synchronized with the
NavWg Definitions doc or SANA
Suggest we move to SANA registry

Commentaire [LA22]: List should be
redefined / updated and moved to
SANA ?




CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

event. However, for clarity, an ICD should be usedully specify the interpretation of the
times if these values are to be used. Note theatithe format should only utilize three digit
days from the MET or MRT epoch, not months and ddytie months.

Note that if SCLK is chosen as a TIME_SYSTEM, thensformation of this time to one of
the other specified time systems in B2 should bergin an ICD. The intent of this keyword
is to allow for the use of SCLK as a TIME_SYSTEMi bhere is currently no standard way
to transform this time system to other time systésted in B2.

B3 INERTIAL AND LOCAL ORBITAL FRAME KEYWORD VALUES

fThe following table enumerates the allowable keylsdor inertial frames that can be used by
ADM messages. They are valid for keywords: Q_FRAN EULER_FRAME_*, and
SPIN_FRAME_*in an APM, and REF_FRAME_* in an AEMhere *' denotes ‘A’ or ‘B’L B -

Keyword Value Meaning/Description

EMEZ2000 Earth Mean Equator and Equinox of J2000

GTOD Greenwich True of Date

ICRF International Celestial Reference Frame

ITRF2000 International Terrestrial Reference Fradeo

ITRF-93 International Terrestrial Reference Frara83l

ITRF-97 International Terrestrial Reference Frard@7L

ITRF International Terrestrial Reference Frame

ITRFyyyy International Terrestrial Reference Fraassociated to year yyyy

J2000 Earth Mean Equator and Equinox of J2000

LVLH Local Vertical Local Horizontal

RTN, QSW Radial, Transverse, Normal Orbital Frame

TOD True of Date

TNW, NTW Tangential, Normal, Omega (W) Orbital Fiam

RSW Relative OrbiF Frgme desc_ribing the relative motiéitwo satellites
(Clohessy-Wiltshire Equations)
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B4 LOCAL SPACECRAFT BODY REFERENCE FRAMES

The following table enumerates the allowed values the keyword Q—FRAME—*
EULERFRAME—*—SPINFRAME_* in the APM andREFFRAME*-in—the AEM
messages, where *' denotes ‘A’ or ‘B’. These fiesnwill vary from object to object, but
provide a mechanism of denoting different referefnames than the object's BODY axes to
specify an orientation. It is the responsibilifyitiee end user to have an understanding of the
location of these frames for their particular objégpically via an ICD.

ACTUATOR x Actuator reference frame (X’ =-89): could denote reaction wheels
- solar arrays, thrusters, etc.

CSS_xy Coarse Sun Sensor (‘X' =9, 'y’ = 0—9)

DSS_x Digital Sun Sensor (‘x’ =89)

GYRO_x Gyroscope Reference Frame (‘'X'-=0)

INSTRUMENT_y Instrument 'y’ reference frame (‘'y'A—Z, 0—9)

SC_BODY_x Spacecraft Body Frame (‘X' =®)

SC_BODY_y Spacecraft Body Frame of another objgtt(A —2Z)

SENSOR_x Sensor ‘X’ reference frame (‘'x’ =&, 0—9)

STARTRACKER_x Star Tracker Reference Frame (‘'x'=9)

TAM_X Three Axis Magnetometer Reference Frame £X—9)
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ANNEX C

CONVENTIONS FOR ADM DATA

(NORMATIVE)

_ - -| Commentaire [LA25]: Normative or
informative ?

Cl OVERVIEW

This paragraph details the conventions used indb@iment for the definition of Attitude
data.

C2 QUATERNIONS

The quaternion called "from frame A to frame B'Ufined as the quaternion of the rotation
that transforms the basis vectors of frame A ih® lhasis vectors of frame B. That is to say
that the basis vectors of frame B are the respeatiages of the basis vectors of frame A by
the rotation.

The quaternion is defined by four components:
gl =sinf@2) *el
g2 = sinf/2) * e2
g3 =sinf/2) * e3
gc = cos@'2)
Where:
@is the rotation angle,

Axel, ay e2andaz e3are the coordinates of the rotation axis in eifreane A or frame B.

The quaternion is related to the frame transforomathatrix in the following way:

Let Xa be the coordinates of some vector in frame A, ¥gdhe coordinates of the same
vector in frame B.

The frame transformation matrix Mem—frame-A-toframe-B-is-defined-bythat transferm
coordinates in frame A to coordinates in frame Bafined by

XB:M*XA
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M-ean—be—written—as—a—function—of-the—guaterniomponents—aswhere M is written +s

function of the quaternion compinents

- —-a3+a: 2(q192+49349) 2(91 93 — 92 9¢)
M=12(q19:-0939:) —9i+3d5—-a5+q: 2(q293+q14c)
213+ 9200) 2(q293—q14c)  —qi — a5 + 45 + q?

The real component (qc) of the quaternion shathade non negative by convention.

C3 EULER ANGLES

The Euler angles called "from frame A to framedB& the rotation angles of the 3 successdive
rotations that transform frame A into frame B.

Let's callfl, 62, 63 the 3 rotation angles, and al, a2, a3 the raspactation axes (X-axis
Y-axis or Z-axis). The images of the basis vectdrffame A by the 3 successive rotatiohs
of anglef1 and axis al, angk2 and axis a2, angl@3 and axis a3 are the respective basis
vectors of frame B.

Example :

Let's consider the 3 successive rotations aroures @l=X, a2=Y, a3=Z of respective
angles91, 6 2,63.

Let's define the frame transformation matrixidm-frame-A-to-frame-Buch that : ‘
XB =M* XA

where X, denotes the coordinates of some vector in framandl, Xz the coordinates of the
same vector in frame B.

Then we have ‘

cosf; sinf; 0] [cosO, 0 —sinf,] [1 0 0
M= ([—sinf; cosf; 0 0 1 0 |[.[0 cosB; sin6;
0 0 11 Isinf, 0 cos6, 0 -—sinf; cosO,
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C4 ANGULAR VELOCITY VECTOR

The angular velocity vector from frame A to framadpresents the angular velocity vector
of FRAME B with respect to frame A.

The components can be defined either in Frame ffaare B.

| Commentaire [LA26]: This part still has t
/| be improved

C5 SPIN DATA |

The spin data enable the user of the message pagaite the attitude of an object using a
simple model.

The spin data from frame A to frame B are defingdo#iows:
The spin axis is the Z axi frame B.

The initial attitude is defined as the result afi@cessiveotations of respective angles
spin_alpha, spin_delta, spin_angle around the ssoeeaxes Z, Y, Z stting from frame A.

Nutation_angle is the angle between the spin axdstlae angular momentum.

Nutation -phase describe the initial orientation of the spiis in his motion around the
angular momentum vector.

The following assumption is assumed:
The angular momentum vector has components irnrémeef B:

¢ alpha, delta
« Pi/2 - delta is the nutation angle

« Alpha - pi is the offset angle B {COmmentaire [LA27]: Will have to be
777777777777777777777777777777777777777 updated

C6 INERTIA DATA
Inertia data consist of
- Moments of inertia (diagonal terms)

- Inertial cross products

111 112 113
I=1121=112 122 123
131 =113 132 =123 1I33

The cross product terms are negative.
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The inertia matrix is defined relative to a partasurame (defined by its axis and origin).
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ANNEX D
LIST OF CHANGES VERSUS ADM VERSION 1

(INFORMATIVE)

The present section gives the main changes betde&h1.0 and ADM 2.

Changes relative to APM :

Number Description \See sectidr] | L-- { Commentaire [LA28]: Will have be

updated.
1 Lemopremanesd o boop nddod L DO TSRS,

2 The 'Q* DIR" keyword have been removed—is—nqw
optional.

The quaternion block is now optional.

Any block can now be present as many times as
necessary.

5 The meaning of quaternion, Euler angles, spin, dais
now clearly defined by the standard. Any changes in
meaning with repect to the standard should be detajled
in an ICD.

6 Euler rotation sequences ("EULER_ROT_SEQ"
keyword) are specified by letter (X, Y, Z) instead
number, e.g. XYX instead of 121.

7 The logical block "Euler angles" now containsglan
derivatives rather than components of the angular
velocity vector.

8 A new block for the angular velocity vector haseb
added: ANGVEL.

9 The keywords for the moments of inertia havenged:
IXX instead of 112, etc...

10 Data blocks have been added. Data types sugh as

guaternion, Euler angles... are explicitly enclosed
between -BLOCK-—STARTDATA START
BLOCKDATA STOPblecksdelimiters
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Changes relative to AEM

Number Description See section

1 Euler rotation sequences ("EULER_ROT_SHQ"
keyword) are specified by letter (X, Y, Z) instead
number, e.g. XYX instead of 121.

2 A new value has been introduced for the
| "ATTITUDE_TYPE" keyworg——:
EULER_ANGLE/DERIVATIVE
3 The order for guaternion components (real part frs
last) is now imposed by the standard.
| 4 The ATTITUDE_DIR keyword has been removed.
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ANNEX E
RATIONALE FOR ATTITUDE DATA MESSAGES

(INFORMATIVE)

E1 OVERVIEW

This annex presents the rationale behind the desigeach message. It may help the
application engineer to select a suitable mess@getections and/or additions to these
requirements are expected during future updates.

A specification of requirements agreed to by alitipa is essential to focus design and to
ensure the product meets the needs of the Membenddgs. There are many ways of
organizing requirements, but the categorizatiomegfuirements is not as important as the
agreement to a sufficiently comprehensive setthisrannex the requirements are organized
into three categories:

a)

b)

c)

Primary Requirements: These are the most elemeatat necessary requirements.
They would exist no matter the context in which B€SDS is operating, i.e.,
regardless of pre-existing conditions within theSIXS or its Member Agencies.

Heritage Requirements: These are additional rements that derive from pre-
existing Member Agency requirements, conditionsneeds. Ultimately these carry
the same weight as the Primary Requirements. Rcommended Standard reflects
heritage requirements pertaining to some of thehrtieal participants’ home
institutions collected during the preparation of ttocument; it does not speculate on
heritage requirements that could arise from othemder Agencies.

Desirable Characteristics: These are not requingnebut they are felt to be
important or useful features of the Recommendeddaial.

CCSDS 504.0-B-1 Page E-1 May 2008



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

E2 PRIMARY REQUIREMENTS ACCEPTED BY THE ATTITUDE DATA

MESSAGES

Table E-1: Primary Requirements

Accepted | Accepted
Requirement for APM? | for AEM?

Data must be provided in digital form (computeeil Y Y
The file specification must not require of the iigt®y agency the separate N Y
application of, or modeling of, spacecraft dynamarsgravitational force
models, or integration or propagation.
The interface must facilitate the receiver of thessage to generate an Y Y
attitude state at any required epoch.
Attitude state information must be provided in derence frame that i Y Y
clearly identified and unambiguous.
Identification of the object must be clearly idéeti and unambiguous. Y Y
Identification of the center of attitude motion b clearly identified an N N
unambiguous.
NOTE - The specification of a center name is nafuired for the

unambiguous specification of attitude but may kevigled if desired.
Time measurements (time stamps, time tags, or epoctist be provided in p Y Y
commonly used, clearly specified system.
The time bounds of the attitude ephemeris mustaenbiguously specified. N Y
The standard must provide for clear specificatibarots of measure. Y Y
Files must be readily ported between, and usealithing all Member Y Y
Agency computational environments that could beluseexchange Attitude
Data Messages.
Files must have means of being uniquely identifed clearly annotated. Y Y
The file name alone is considered insufficienttfos purpose.
File name syntax and length must not violate compoonstraints for thosg Y Y
Member Agency computing environments that couldubed to exchangge
Attitude Data Messages.
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Table E-2: Heritage Requirements

Accepted | Accepted

Requirement for APM? | for AEM?
A complete attitude ephemeris, not subject to irggn or propagation b N Y
the customer, must be provided.
The standard is, or includes, an ASCII format. Y Y
The standard does not require software supplieattosr agencies. Y Y

Table E-3: Desirable Characteristics
Accepted | Accepted

Requirement for APM? | for AEM?
The standard applies to non-traditional objectsshsas landers, rovers, Y Y
balloons, and natural bodies (asteroids, comets).
The standard allows attitude states to be providedher than the traditional Y Y
EME2000 inertial reference frame; one example ig timternational
Astronomical Union (IAU) Mars body-fixed frame. n(lsuch a case,
provision or ready availability of supplemental armhation needed t
transform data into a standard frame must be aedhhg
The standard is extensible with no disruption tisting users or uses. Y Y
The standard is consistent with, and ideally a p§rattitude products ang N N
processes used for other space science purposes.
The standard is as consistent as reasonable wjthedated CCSDS attitude Y Y
standards used for earth-to-spacecraft or spatdorapacecraft
applications.
The standard allows for the specification of theumacy of the attitudg Y Y
solution.
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E3 APPLICABILITY OF CRITERIA TO MESSAGE OPTIONS

The selection of one particular message will depamthe optimization criteria in the given
| application. Tablé&-4E-4compares the two recommended messages in terthe oflevant
selection criteria identified by the CCSDS:

Table E-4: Applicability of the Criteria to Attitu de Data Messages

Applicable Applicable

Criteria Definition to APM? to AEM?
Modeling Fidelity Permits modeling of any dynamic N Y
perturbation to the attitude.
Human Readability | Provides easily readable message Y Y
corresponding to widely used attitude
representations.
Remote Body Permits use for assets on remote solar Y Y
Extensibility system bodies.
Lander/Rover Permits exchange of non-orbit attitudes. Y Y
Compatibility

E4 SERVICES RELATED TO THE DIFFERENT ATTITUDE DATA MES SAGE
FORMATS

The different attitude data messages have beemgligghed by their self-interpretability.

Both attitude data messages provide for recognittiegpoundaries of the attitude data fields

and thus can transfer each field, as a block, tth@n location. The different services that

can be achieved without special arrangements batwsers of the CCSDS attitude data
| messages are listed in taflébE-5

Table E-5: Services Available with Attitude Data Messages

Applicable to | Applicable

Service Definition APM? to AEM?
Absolute Attitude | State availability at specific times for use in iéiddal Y Y
Interpretation | computations (geometry, event detection, etc.).
Relative Attitude | Trajectory comparison and differencing for events  Only at time Y
Interpretation | based on the same time source. specified at Epoch
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ANNEX F
ITEMS FOR AN INTERFACE CONTROL DOCUMENT

(INFORMATIVE)

Table F-1: Items Recommended for an ICD

8

Section
ICD Item Trace
ADM and AEM file naming conventions. 3.14
413
Method of exchanging ADMs (transmission). 1.2.2
314
413
Definition of attitude accuracy requirements gieing to data in an ADM  1.2.1
as well as attitude dynamics modeling. 3.1.2
5.8.2.2
Specific APM and/or AEM version humbers that Wil exchanged. 3.26.1
4261
Format on values used for the ‘ORIGINATOR’ keyaor table
3-1341
table
4-24-2
Values used for the ‘OBJECT _ID’ keyword for casdeen the value is table
not publishedn the- international designators list by the UKi¢® of 3-23-2
Outer Space Affairsinthe-SPACEWARN Bulle(neferencd2]f2}). | | table |
4-34-3
Values and definition of th@—FRAME—*~“EULER FRAME* 3.24

SPIN-FRAME—* —or-REF-FRAME_* keywords to be used in ADM
exchanges, if the value is not given in annex B.
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Section
ICD Item Trace
8 3.24
9 |If floatlng-pomt numbers in extended-single stemded-double precision  5.6.5
are to be used, then discussion of implementapetific attributes is
required.
10 | Information which must appear in comments for aivgig ADM 5.8.1.3
exchange.
11 | Whether the format of the ADM will be KVN or XML 1.2.3
12 | A reference orientation should be specified in@D if a body-fixed
frame is to be used for the specification of Ealegles. For instance,
demonstrating the alignment of the body axes vhighlbcal orbit frame of
an inertial frame that gives a context to interphetEuler angle data. | |
a3y,
14 | Provisions that are made to ensure informationrigcu ANNEX |
15| Values used for those keywords listed in annex Bwihose values are B
different from those given in annex B.
16 | Specification of interpretation of MET, MRT and SICLif to be B2
exchanged, and how to transform it to a standadldinee system such as
UTC, TAI, etc. An ICD should specify that elapstal/s are to be used
for epochs, with year starting at zero.
17 | Exact specification of reference frames used insagss, if different from B4
those specified in annex B.
1 XML implementation awaiting approval as a standard
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7| Mis en forme : Couleur de police :

Automatique, Vérifier 'orthographe et la
grammaire

- Commentaire [LA29]: KEEP ?
I don't understand why it's necessary
~ 1 Commentaire [LA30]: Removed
(about units’

=4 - { Commentaire [LA31]: ANNEX TO BE }

REMOVED
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ASCII American Standard Code for Information Inteange

ADM Attitude Data Message

AEM Attitude Ephemeris Message

APM Attitude Parameter Message

CCIR International Coordinating Committee for RaBiequencies
CCsDs Consultative Committee for Space Data Systems
EME2000 Earth Mean Equator and Equinox of J2000a@@ate 2000)
GPS Global Positioning System

IAU International Astronomical Union

ICD Interface Control Document

ICRF International Celestial Reference Frame

IEC International Electrotechnical Commission

ISO International Organization for Standardization

ITRF International Terrestrial Reference Frame

KVN Keyword = Value Notation

LVLH Local Vertical Local Horizontal

NTW Normal, Tangential (to velocity vector) and Nal to Orbit Plane
ODM Orbit Data Message

OEM Orbit Ephemeris Message

OPM Orbit Parameter Message

TAI International Atomic Time

TCB Barycentric Coordinated Time

TDB Barycentric Dynamical Time

TDM Tracking Data Message

TOD True Equator and Equinox of Date

TT Terrestrial Dynamical Time

uTC Coordinated Universal Time

XML eXtensible Markup Language
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ABBREVIATIONS AND ACRONYMS

(INFORMATIVE)
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ANNEX H
INFORMATIVE REFERENCES

(INFORMATIVE)

[H1] XML Schema Part 2: Datatypes2nd ed. P. Biron and A. Malhotra, eds. W3C
Recommendation 28. n.p.: W3C, 2004.

[H2] Standard Frequencies and Time Signal&lume 7 ofRecommendations and Reports
of the CCIR: XVIIth Plenary Assemblgeneva: CCIR, 1990.

[H3] Organization and Processes for the Consultative @itae for Space Data Systen®CSDS
A02.1-Y-4. Yellow Book. Issue 4. Washington, D.GCCCSDS, April 2014rocedures

[H4] Navigation Data—Definitions and ConventionsReport Concerning Space Data
System Standards, CCSDS 500.0-G-2. Green Bookue3. Washington, D.C.:
CCSDS Nevember-2005May 2010

NOTE — Normative references are provided in 1.5.
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ANNEX |
SECURITY, SANA, AND PATENT CONSIDERATIONS

(INFORMATIVE)

Al SECURITY CONSIDERATIONS
Al1.1 ANALYSIS OF SECURITY CONSIDERATIONS

This subsection presents the results of an analfsiecurity considerations applied to the
technologies specified in this Recommended Standard

Al1.2 CONSEQUENCES OF NOT APPLYING SECURITY TO THE
TECHNOLOGY

The consequences of not applying security to tretesys and networks on which this
Recommended Standard is implemented could inclotengal loss, corruption, and theft of
data. Because these messages are used in colisimance analyses and potential
maneuvers, the consequences of not applying sgtarihe systems and networks on which
this Recommended Standard is implemented couldudecicompromise or loss of the
mission if malicious tampering of a particularlywses nature occurs.

Al1.3 POTENTIAL THREATS AND ATTACK SCENARIOS

Potential threats or attack scenarios includeabeitnot limited to, (a) unauthorized access to
the programs/processes that generate and inténgretessages, and (b) unauthorized access
to the messages during transmission between exeharaytners. Protection from
unauthorized access during transmission is espeaiaportant if the mission utilizes open
ground networks, such as the Internet, to provideumd-station connectivity for the
exchange of data formatted in compliance with féommended Standard. It is strongly
recommended that potential threats or attack simEnapplicable to the systems and
networks on which this Recommended Standard is emphted be addressed by the
management of those systems and networks.

Al.4 DATA PRIVACY
Privacy of data formatted in compliance with theed@fications of this Recommended

Standard should be assured by the systems and mstwa which this Recommended
Standard is implemented.
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Al1.5 DATA INTEGRITY

Integrity of data formatted in compliance with tepecifications of this Recommended
Standard should be assured by the systems and mkstwa which this Recommended
Standard is implemented.

Al1.6 AUTHENTICATION OF COMMUNICATING ENTITIES

Authentication of communicating entities involvedthe transport of data which complies
with the specifications of this Recommended Stashddrould be provided by the systems
and networks on which this Recommended Standandpemented.

Al1.7 DATA TRANSFER BETWEEN COMMUNICATING ENTITIES

The transfer of data formatted in compliance wis tRecommended Standard between
communicating entities should be accomplished @euse mechanisms approved by the
Information Technology Security functionaries otkange participants.

A1.8 CONTROL OF ACCESS TO RESOURCES

Control of access to resources should be managetidogystems upon which originator
formatting and recipient processing are performed.

A1.9 AUDITING OF RESOURCE USAGE

Auditing of resource usage should be handled byritaeagement of systems and networks
on which this Recommended Standard is implemented.

A1.10 UNAUTHORIZED ACCESS

Unauthorized access to the programs/processesgémdrate and interpret the messages
should be prohibited in order to minimize potentiakats and attack scenarios.

Al1.11 DATA SECURITY IMPLEMENTATION SPECIFICS

Specific information-security interoperability pisions that may apply between agencies

and other independent users involved in an exchahgiata formatted in compliance with
this Recommended Standard could be specified I€Bn

A2 SANA CONSIDERATIONS
The following ADM related items will be registeradth the SANA Operator. The
registration rule for new entries in the regissthe approval of new requests by the CCSDS
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Navigation Working Group chair. New requests fas tlegistry should be sent to SANA
(mailto:info@sanaregqistry.org).

¢ The ADM XML schema

* Atransform from the ADM XML to the ADM KVN version

A3 PATENT CONSIDERATIONS

The recommendations of this document have no pasms.
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