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STATEMENT OF INTENT

The Consultative Committee for Space Data Systed@SPS) is an organization
officially established by the management of its rhers. The Committee meets
periodically to address data systems problemsatgatommon to all participants, and
to formulate sound technical solutions to thesdlgms. Inasmuch as participation in
the CCSDS is completely voluntary, the results oim@ittee 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 thiRecommendationis entirely voluntary.
Endorsement, however, indicates the following usi@erdings:

0 Whenever a member establishes a CCSDS-redtaadard, thisstandard will
be in accord with the relevaRecommended Standard Establishing such a
standard does not preclude other provisions which a memtssr develop.

o Whenever a member establishes a CCSDS-redtdedard, that member will
provide other CCSDS members with the following mfation:

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

0 Specific service arrangements shall be made \@mananda of agreement.
Neither thisRecommended Standardhor any ensuingtandardis a substitute
for a memorandum of agreement.

No later than five years from its date of issuankis, Recommended Standardwill

be reviewed by the CCSDS to determine whetheoitilsh (1) remain in effect without
change; (2) be changed to reflect the impact of teeWwnologies, new requirements, or
new directions; or (3) be retired or canceled.

In those instances when a new versionRéaommended Standards issued, existing
CCSDS-related member standards and implementadi@nsot negated or deemed to
be non-CCSDS compatibldt is the responsibility of each member to deteenirhen
such standards or implementations are to be mddifi€ach member is, however,
strongly encouraged to direct planning for its nstandards and implementations
towards the later version of the Recommended Stdnda
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FOREWORD

This document is a Recommended Standard for AtiDdta Messages (ADMs) and
has been prepared by the Consultative CommitteSgace Data Systems (CCSDS).
The set of attitude data messages described inRtsi®mmended Standard is the
baseline concept for attitude representation i@ daterchange 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 datalt allows implementilhg
organizations within each Agency to proceed coltbrenith the development of
compatible derived standards for the flight andug systems that are within their
cognizance- Derived Agency standards may implement only a dutisine optiodal
features allowed by the Recommended Standard andimearporate features not
addressed by this Recommended Standard.

Through the process of normal evolution, it is etpé that expansion, deletion or
modification to this document may oceuiThis Recommended Standard is thedefore
subject to CCSDS document management and chang®lcprocedures, as defined
in the Procedures Manual for the Consultative CommitteeSpace Data Systelms
Current versions of CCSDS documents are maintah#te CCSDS Web site:

http://www.ccsds.org/

Questions relating to the contents or status sfdbcument should be addressed to the
CCSDS Secretariat at the address indicated onipage
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1 INTRODUCTION
1.1 PURPOSE

1.1.1 This Attitude Data Message (ADM) Recommended Stahdpecifies two
standard message formats for use in transferriragespaft attitude information
between space agencisl commercial or governmental spacecraft operdivesAttitude

Parameter Message (APM) and the Attitude Ephenddssage (AEM%_Sudh

exchanges are used for:

— preflight planning for tracking or attitude estirnast 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 (comioations, power, etc.).

1.1.2 This Recommended Standard includes sets of regeimenand criteria that the
message formats have been designed to-nfieetexchanges where these requirefnents
do not capture the needs of the participating @genanother mechanism may be
selected.

1.2 SCOPE AND APPLICABILITY

1.2.1 This document contains two attitude data messagsigrked for applications
involving data interchange in space data systeffise rationale behind the desidn of
each message is described in ANNEX E and may helppplication engineer to select
a suitable messageDefinition of the attitude accuracy underlying atjgalar attituclle
message is outside of the scope of this RecommeBidedard and should be specified
via Interface Control Document (ICD) between datechange participar||ts.
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 tontkesage format and
content, but not to its transmissiefihe transmission of the message between adencies
is outside the scope of this document and shousgbbeified 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 availableAgencies should specify, via ICD, the ASCII filerfmﬂt
to be exchanged (Keyword Value Notation [KVN] or XM
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1.3 CONVENTIONS AND DEFINITIONS

The following conventions apply throughout this Beenended Standard:
a) the words ‘shall’ and ‘must’ imply a binding andrifiable specification;
b) the word ‘should’ implies an optional, but desiegtdpecification;
c) the word ‘may’ implies an optional specificatiomch

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

+ — ‘[Formaned: Indent: First line: 0 cm ]
()] As in some attitude dynamics references, in thudent the term “nutatiom”™ — - - { Formatted: Indent: Left: 1.27 cm, No bullets or numberiTg,
is used to mean the motion of the spin axis of dytabout an inertial axis. In many Tab stops: Not at 2.54 cm

other references this motion is called “precession”

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 Message (AfM) Attitude Ephemeris
Message (AEM).

1.4.2 Section 3 provides details about the structurecamtdent of the APM.
1.4.3 Section 4 provides details about the structurecamtent of the AEM.

1.4.4 SectionError! Reference source not found5 provides details regarding
syntax of the APM and AEM messages.

1.45 ANNEX A provides the Implementation Conformance t&teent (ICS)
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 daised in this document.
1.4.8 ANNEX D gives the complete list of changes betwa&M versions 1 and 2.

1.4.9 ANNEX E lists a set of requirements that were takea consideration in the
design of the APM and AEM, along with tables andcdssion regarding the
applicability of the two message types to varioustugle 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 basisThere are several statements throughout the
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document that refer to the desirability or necgssfitsuch a document; this annex lists
all the suggested ICD items in a single place éxdbcument.

1.4.11 ANNEX G is a list of abbreviations and acronymslajgble to the ADM.
1.4.12 ANNEX H is a list of informative references.

1.4.13 ANNEX | is relative to security, SANA, and patertnsiderations.

1.5 REFERENCES

The following documents contain provisions whichrough reference in this text,
constitute provisions of this Recommended Standafd.the time of publication,| the
editions indicated were valid All documents are subject to revision, and usertisf
Recommended Standard are encouraged to investigatgossibility of applying the
most recent editions of the documents indicatedvbel_The CCSDS Secrefariat
maintains a register of currently valid CCSDS Resmnded Standards.

[1] Information Technology—8-Bit Single-Byte Coded ®GrepCharacter Sets—
Part 1: Latin Alphabet No. .1 _International Standard, ISO/IEC 8859-1:1998.
Geneva: ISO, 1998.

[2] United Nations Office of Outer Space Affairs s#telldesignator/index,
searchable at <http://www.unoosa.org/oosa/osoindex

[3] JPL Solar System Dynamies—__ Pasadena, CA, USA: PL.
<http://ssd.jpl.nasa.gov>

[4] Time Code Formats-_Recommendation for Space Data System Starndards,
CCSDS 301.0-B-4-—_Blue Book—_lIssue 4-—_Washington, D.C.: CCSDPS,
November 2010.

[5] XML Specification for Navigation Data Messagefhe XML Specification Jpr
Navigation Data Messages Recommended Standardltesan integrated XML
schema set that is suited to interagency exchaofgesvigation data messages,
CCSDS 505.0-B-1.Blue Book- Issue 1 Washington, D.C.: CCSDS, Decerhber
2010.

[6] IEEE Standard for Binary Floating-Point Arithmeti¢EEE Std 754-1985Ne!
York: IEEE, 1985.

[71[# Orbit Data Messages- Recommendation for Space Data System Standards,
CCSDS 502.0-B-2--_Blue Book—_lIssue 2—_ Washington, D.C.: CCSDS,

- { Commented [LA1]: Will have to be updated

[8]| XML Schema Part 2: Datatypegnd ed. P. Biron and A. Malhotra, eds. W3C

Recommendation 28. N.p.: W3C, 2004. - { Commented [LA2]: Will have to be updated
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[9]] XML Schema Part 1: Structure®nd ed. Henry S. Thompson, et al., eds. W3C
Recommendation.

N.p.. W3C, October 2004. <http://www.w3.0rg/TR/20RECXmIschema-1- {COmmemed [LA3]: Will have to be updated

20041028/}? 777777777777777777777777777777777777777777

NOTE ——— A list of informative references can be found in REX H.
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2 OVERVIEW
2.1 ATTITUDE DATA MESSAGE TYPES

2.1.1 Two CCSDS-recommended Attitude Data Messages (ADdvisYlescribed in
this Recommended Standard: the Attitude Parameg¢ssije (APM) and the Attitude
Ephemeris Message (AEM).

2.1.2 Therecommended attitude data messages are ASCibtmat- While binarJ/-
based attitude data message formats are compfitéer@fand minimize overhead on
uplinked/downlinked data streams, there are graeginent applications for which an
ASCII character-based message is more appropriate.example, when files or diata
objects are created using text editors or word gssars, ASCIl character-based
attitude data format representations are necessktgy are also useful in transferiring
text files between heterogeneous computing systeetguse the ASCII character set
is nearly universally used and is interpretableabiypopular systems. In additioh,
direct human-readable downloads of text files gects to displays or printers are
possible without preprocessinghe penalty for this convenience is inefficiency|

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

2.2 ATTITUDE PARAMETER MESSAGE (APM)

2.2.1 An APM specifies the attitude state of a singleeabat a specified epoeﬁ?hiL
message is suited to inter-agency exchanges thah\dlve automated interaction
and/or human interaction, and (2) do not requigh+iidelity dynamic modeling (for
high-fidelity dynamic modeling, see 2.3, Attitudplemeris Message).

2.2.2 The APM requires the use of a propagation techniguketermine the attitude
state at times different from the specified epdeading to a higher level of effort for
software implementation than for the AEMWhen inertial frames are specified[ the
APM is fully self-contained and no additional infieation is required to specify the
attitude; if local orbital frames are specifiedetthan APM must be accompanied by a
corresponding Orbit Parameter Message (refergtié¢é}).

2.2.3 The APM allows for modeling of any number of finiteaneuvers and simple
modeling of solar radiation pressure and atmospherque—_Note that an Orr::it
Parameter Message (OPM) is needed for proper sadéation pressure modeljng.
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.

CCSDS 504.0-B-1 Page 2-1 May 2008



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

2.3 ATTITUDE EPHEMERIS MESSAGE (AEM)

2.3.1 An AEM specifies the attitude state of a singleegbjat multiple epochs,
contained within a specified time rang&he AEM is suited to inter-agency exchanges
that (1) involve automated interaction (e.g., cotepto-computer communication
where frequent, fast, automated time interpreta¢iod processing are required), and
(2) require higher fidelity or higher precision dmic modeling than is possible with
the APM (e.g., flexible structures, more complekade movement, etc.).

2.3.2 The AEM allows for dynamic modeling of any numbdrtorques (solar
pressure, atmospheric torques, magnetics, -etdhe AEM requires the use of an
interpolation technique to interpret the attitutiesat 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 specifietf.local orbital reference frames are specified,
then an AEM must be used in conjunction with anitphemeris Message (reference

[71 ).

2.4 EXCHANGE OF MULTIPLE MESSAGES

For a given object, multiple APM or AEM messages/rha provided in a message
exchange session to achieve attitude fidelity megoénts- If attitude information for
multiple objects is to be exchanged, then multdRM or AEM files must be used.
2.5 DEFINITIONS

Definitions of time systems, reference frames,tudg estimation and prediction

methods and models are provided in referefieR]{H4}. { Field Code Changed
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3 ATTITUDE PARAMETER MESSAGE (APM)
3.1 OVERVIEW

3.1.1 Attitude information may be exchanged between tadigipants by sending

Parameter Message (APM)The message recipient must have an attitude prégraga
available that is able to propagate the APM stateoimpute the estimated attitude at

other desired epochd-or this propagation, additional ancillary inforrinat(spacecg[aft

momentum exchange devicesmaneuver planning data, if applicab)eshall be
included with the message.

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

— the receiver's modeling of satellite attitude dymesnatmospheric torque, other
internal and external torques (e.g., magnetic, itaonal, etc.), thrust

maneuvers, and attitude control (see refer@rgd{H4}) must fulfill accuraty { Field Code Changed

requirements established via an ICD between thecee

3.1.3 The APM shall be a text file consisting of attitudta for a single objeet:
shall-be easily readable by both-humans-and commpute

3.1.4 The APM file naming schenwkat shoulde agreed to on a case-by-case|basis
between the participating agencies, and shouldberdented in an Interface Control
Document (ICD)-_The method of exchanging APMs shall be decided oase-b[y-
case basis by the participating agencies and dauahén an ICD.

3.2 APM CONTENT

3.2.1 GENERAL

The APM shall be represented as a combinationeofdlowing:
a) aheader;
b) metadata (data about the data);

c) optional comments (explanatory information); and

d) data.

3.2.2 APM HEADER

3.2.2.1The header shall provide a CCSDS Attitude Data Bigssersion number that
identifies the format version; this is includedhttticipate future changes. The version keyword
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shall be CCSDS APM_VERS and the value shall hagddim of ‘x.y’, where ‘y’ shall be
incremented for corrections and minor changes, ‘ahéhall be incremented for major
changes. Version 1.0 shall be reserved for th@iniersion accepted by the CCSDS as an
official Recommended Standard (‘Blue Book’). Tegtsihall be conducted using APM version
numbers less than 1.0 (e.qg., 0.x). Participatirenaigs should specify in the ICD the specific
APM version numbers they will support.

3.2.2.2The header shall include the CREATION DATE keywwith the value set to
the Coordinated Universal Time (UTC) when the filas created, formatted according to
reference [4]. A description of APM header keywoadsl values is provided in table 3-1.

3.2.2.3The first header line shall be the first non-bléink in the file.

S <+ - — - — - Formatted: Normal, Indent: Left: 0 cm, Space Before: 0|pt,
Tab stops: Not at 2.54 cm

32.2-13.2.2.4Table3-13-1 specifies for each header item:

a) the keyword to be used;

b) a short description of the item;

¢) whether the values are normative (N) values orguamples (E);
d) values (either the list of all normative valueeramples);

e) whether the item is mandatory or optional.

3:2.2-23.2.2.50nly those keywords shown in taliel3-1 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 2.0 Yes
incremented for corrections and minor changes,»ind
is incremented for major chanc

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

CREATI ON_DATE File creation date/time ibTC. E 2001-11- Yes

For format specification, see 7.6.9. 06T11:17:33

-one-of the following formats: 2001-

B e T 101T11:17:33

YYYY-DDDThh:mm:ss[.d—d]

where-YYYY'is the year, MM is-the two-digit

digit day of year, ‘T'is constant, ‘hh:mm:ssfell] is
L i ’ ’ i
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of the period-as-required-may-be used-to-obtain the

reauired 1 Hfieldsregui
9 154 o 9 i)
ORI G NATOR Creating agency. E CNES Yes
The value for the "ORIGINATOR" keywortshould" ESCC
come-from-the-SANA-Registryshould come from the GSFC
‘Abbreviation' column in the ‘Organizations' regigif GsoC
the SANA Registry JPL
(https://sanaregistry.org/r/organizations).. JAXA
O her agency
MESSAGE_ID | JD that uniquely identifies a message from a given | E 01113719185 | ngMEssAcED] _ - { Formatted: Font: (Default) Courier New, 8 pt
= VT~
32 N ANN ‘[ Formatted: Font: 8 pt
identifier value are at the discretion of the aragbr. ABC L H NN -
LA \{ Formatted: Font: (Default) Courier New
12 3 VAN N

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;

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

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

e) whether the item is mandatory or optional.

3.2.3.20nly those keywords shown in tat8e23-2 shall be used in APM metag

For some keywords (OBJECT_NAME, OBJECT_ID, CENTERNE) there are no

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

Table 3-2- APM Metadata

attitude data to be givenThere is no CCSDS-
based restriction on the value for this keyword, tu
it is recommended to usmmes-nterrational
designaterfrom the UN Office of Outer Space
Affairs (Ref.[[2]).

Keyword Description N/E Values Mandatory
COMWENT | Comments (allowed only at the beginning ofthe] ~ E_ | Thisisacomment | No_ |
APM Metadata before OBJECT_NAME). Each
comment line shall begin with this keyword.
OBJECT_NAME Spacecraft name of the object corresponding tojthe E EUTELSAT W1 Yes

CCSDS 504.0-B-26E6SBS-504-0-P-1.x
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OBJECT_ID _Spacecraft identifier of the object correspondimg|t ~ E 2000-052A Yes | { Formatted: Font: (Default) Courier New ]

the attitude data to be giverwhile there is no
CCSDsS-based restriction on the value for this
keyword, it is recommended to uséernational
designators-ramdom the UN Office of Outer

Space Affair(Refll). | | | ______ -~ { Commented [LA7]: Link to be added ]
CENTER NAME | Origin of reference frame, whichmay beanaturpl E | EARTH_ | | No__ | _ O { Commented [LAS]: ]

solar system body (planets, asteroids, comets, gnd EARTH BARYCENTER P S

natural satellites), including any planet barycente MOON N \{ Commented [LA9]: ]

or the solar system barycenter, or another N N

spacecraft (in this the value for { Formatted: Font: (Default) Courier New ]

‘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 names
from the NASA/JPL Solar System Dynamics

| Group (Referenegllfet). [ |\ | | - *[ Formatted: Font: 8 pt, Font color: Auto ]
JIME_SYSTEM _ | Time system used for attitude and maneuverdafa E _ | UTC _ _ | _ _ ) Yes _ | __ - ‘[ Formatted: Font: (Default) Courier New ]

(also see tabjg-33-3.- The full setof allowed | | T1AL | | : :
values is enumerated in annex B, with an excerpt - ‘[ Formatted: Font: 8 pt, Check spelling and grammar ]

provided in the ‘Normative Values/Examples’
| column-- Explanations of these time systems cal
be found inNavigation Definitions and

F -~ [ Field Code Changed ]
\\\ \\‘[ Formatted: Font: 8 pt ]
\\ TFormatted: Font: 8 pt, Font color: Auto, Check spelling aTd
\
\

grammar

3.2.4 APM DATA { Formatted: Font: 8 pt ]

3.24.1 Table3-33-3provides an overview of the six logical blockstlie APM Data
section (attitude quaternion, attitude Euler anglegular velocity dataspin datagrgutar
velocity-dataspacecraftnertiaparameters, maneuver parameters), and specifieatbr
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 valueeramples);

e) whether the item is mandatory or optional.

3.2.4.2 Only those keywords shown in tali#e33-3 shall be used in APM data.Some
remarks concerning the keywords in tabl@3-3appear immediately after the table.

3.2.4.3 Fhere The APM messagshall contain at least-be-as—+ranyological blocls—as
Hecessany

3.2.4.4 Any particular type of block may be repeated sevérees.

| CCSDS 504.0-B-1CCSDS504.0-P-1.x  Page 3-4 May 2008August 2018



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

Table 3-3— APM Data |

- N/E Values / units Mandat
Keyword Description ory
COWENT | One or more comment line(s). Each comment lindshal E_ | Thisisacomment | J\{OJ 1 -- ‘[Formatted: Font: (Default) Courier New ]
begin with this keywor:
EPCCH | Epoch of the attitude elemerisand optional logical | ~ E_ | 2001-11- | Yes | | - - { Formatted: Font: (Default) Courier New ]
blocks. 06T11:17: 33
Block: Attitude Quaternion
All mandatory elements are to be provided if trecklis present.
See ANNEX C for conventions and further detail.
COMMENT One-or-mor line(sy—Each lind shhal E Fhis-is-a-comment Ne
begin with this keyword.
QUAT_START Indicator of start of data block nal__na ved | -~ { Formatted: Font: (Default) Courier New ]
LOMENT ] One or more comment line(s). Each commentlindshal E_ _| Thisisacomment _ _ _ | _ _ No 11 - ‘[ Formatted: Font: (Default) Courier New ]
begin with this keyword.
| | _ — -| Commented [LA10]: Proposed simplification
REF_FRAME A | Name of the reference frame that definesthestarti | € | | = ves || (new syntax inspired by OCM)
point of the transformation. The full set of valigs ICRF - ‘[Formatted: Font: (Default) Courier New ]
enumerated in annex-Bror a definition of these variou: INSTRUMENT_A
frames, the reader is directed to referghtafH4}. == ‘[ Formatted: Font: 8 pt, Condensed by 0.1 pt ]
REF_FRAMEB | Name of the reference frame that definestheemtpq ~E_ | | __ Yes | | \\ - Formatted: Font: 8 pt, Font color: Auto, Check spelling and
of the transformation. The full set of values is SC_BODY_1 N grammar, Condensed by 0.1 pt
. N AT
enL.Jmerated in annexBFor?dgflnltlon of the.se STARTRACKER | N \{ Formatted: Font: 8 pt, Condensed by 0.1 pt ]
various frames, the reader is directetNawigation \\ —
Definitions and Conventior(seferencgH2li44). | | | J ] \ [ Field Code Changed ]
DN { Formatted: Font: (Default) Courier New ]
AR
A \\\\\‘\[ Field Code Changed ]
*gj v
R ’%*sLn@_/g)**************i ***** ma a1 Yes 1] \ \\{Formatled: Font: 8 pt ]
0 = rotation angl, el = 1st cmponent of rotation ax oL -
3 le*siney | na | na | Xe,S‘I | \\\\\\ { Formatted: Font: 8 pt, Font color: Auto, Check spelling aTd
_ X _ — grammar
0 = rotation angle, e2 = 2nd component of rotatixis a AR
\ . .
L8 | ¢*sin@2) | na | na | Xe§4 1\ N \{ Formatted: Font: 8 pt ]
6 = rotation angle, e3 = 3rd component of rotatigis a \ \\\\{ Formatted: Font: (Default) Courier New ]
\
QLo lcose2) | na | na_ 1 X9§4 i1 \\{ Formatted: Font: (Default) Courier New ]
6 = rotation angle \ \\ {F ted Font. (Dafauld Gourior N ]
Q1_Dor Derivative of ¢ n/e 1/ No \\ \  formatted: Font: (Defauly) Courier New
@ por Derivative of Q n/a 1s No N \\{ Formatted: Font: (Default) Courier New ]
\
Q8_DOT Derivative of Q nla Us No | |'<'+ { Formatted: Font: (Default) Courier New )
. . \
QC Dor Derivative of ¢ n/e L No g { Formatted: Font: (Default) Courier New ]
QUAT_STOP Indicator ofenc of datz block n/e n/e Yes A N
\ \\{ Formatted: Font: (Default) Courier New ]
. A
Block: Euler angle elements N { Formatted: Font: (Default) Courier New ]
All mandatory elements of the logical block arééoprovided if the block is present. \\\{ " - P ]
See ANNEX C for conventions and further detail. \ Formatted: Font: (Default) Courier New
{ Formatted: Font: (Default) Courier New ]
COMMENT One or more comment line(s). Each E This is a comment No T-- - n -
commentline-shall begin- with- this keywe Formatte_d. Bulleted + Level: 1 + Aligned at: 0.63 cm +
- Indent at: 1.27 cm
FULER START Indicator of start of data block n/a n/a Yes | -
COMENT | One or more comment line(s). Each comment linelsffal E_ | Thisisacomment | No || [ Formated: Font (Defauly Courier New )
begin with this keyword. B { Formatted: Font: (Default) Courier New ]
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T
|
|
|
|
|
)

o )

) L)

J
|
T

d

- N/E Values / units Mandat
Keyword Description ory
REF_FRAME A | Name of the reference frame that defines thestarti | E | SC BODY_1 | _ Yes | - ‘[ Formatted: Font: (Default) Courier New
point of the transformation. The full set of valigs STARTRACKER_1
enumerated in annex-BFor a definition of these
various frames, the reader is directed to reference
=4y _ Lo ___________L_____ |~ -~ | Formatted: Font: 8 pt, Font color: Auto, Check spelling and
N grammar
AN
REF_FRAMEB | Name of the reference frame that definestheemtpq E _ | LVIH_ | _ Yes_ _ \\\ \\[ Field Code Changed
of the transformation. The full set of values is SC_BODY_1 \\ \ { Formatted: Font: 8 pt
enumerated inannex B. Y - :
\\{ Formatted: Font: 8 pt
A N
[EULER ROT_SEQ _ | Rotation sequence that defines the REF_FRAME Alto E _ | Xyz | Yes. (| __ "~ { Formatted: Font: (Default) Courier New
REF_FRAME_B transformation.The order of the ZXZ AN \{ Formatted: Font: (Default) Courier New
. . N
transformation is from Ief't. to nght, where.thet.lnbst { Formatted: Font: (Default) Courier New
letter represents the rotation axis of the firsation.
ANGLE 1 Angle of the first rotation n/a deg Yes | - { Formatted: Font: (Default) Courier New
ANGLE 2 Angle of the second rotati nle dec Yes . { Formatted: Font: (Default) Courier New
GLE_3 Angle of the third rotation n/a de Yes N
N - 4 —— - - 9 ~ il { Formatted: Font: (Default) Courier New
ANGLE 1_DOT Timederivative of angle of the first rotati nle deg/: No _ -
ANGLE 2 DOT Time derivative of angle of the second rotation n/ deg/s No __ { Formatted: Font: (Default) Courier New
ANGLE _3_DOT Time derivative of angle of the third rotation n/al deg/s No _ - ‘[ Formatted: Font: (Default) Courier New
EULER STOP Indicator of end odatz block nle nle Yes o oo \[ Formatted: Font: (Default) Courier New
Block:- angular velocity vector h ‘[ Formatted: Font: (Default) Courier New
All mandatory elements are to be provided if theeklis present.
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each comment lind shal E This is a comment No
ANGVEL_START Indicator of start odatz block nls nls Yes - ’[Formatled: Font: (Default) Courier New
LOMENT | One or more comment line(s). Each commentlindshal_E _ | Thisisacomment _ _ | _ No_ _| __ __ ‘[ Formatted: Font: (Default) Courier New
begin with this keyword.
DATA TYPE Type of data N ANGVEL Yes - { Formatted: Font: (Default) Courier New
REF_FRAME A_ || Name of the reference frame that defines thestarti | E _ | SC BODY_1 _ | _ Yes. | _ _ _ - ‘[ Formatted: Font: (Default) Courier New
point of the transformation. The full set of valugs ICRF
enumerated in annex-BFor a definition of these
various frames, the reader is directed to reference
e P I S E [ - < - \ [ Field Code Changed
NN ‘[ Formatted: Font: 8 pt
REF FRAMEB | Name of the reference frame that definestheemtpq E _ [ ICRE _ [ Yes . \YE tted: Font: 8 bt. Font color: Auto. Check spell
of the transformation. The full set of values is INSTRUMENT_A \\ \\ Iggnn’?ria? : Font: S pt, Font color: Auto, &heck spefling al
enumerated in annex B. N
\\{ Formatted: Font: 8 pt
A N
ANGVEL_FRAME | Reference frame in which the componentsofthe | N _ | REF_FRAME.A | AT N { Formatted: Font: (Default) Courier New
angular velocity vector are give REF_FRAME_B AN ‘{ Formatted: Font: (Default) Courier New
- N
ANGVEL_X Component of the angular velocity vector on thed$al  n/a deg/s Yes __X { Formatted: Font: (Default) Courier New
ANGVEL_Y Component of the angular velocity vector on thex¥al n/a deg/s Yes N - =
ANGVEL_Z Component of the angular velocity vector on theid nle deg/: Yes _ ﬁ\ S { Formatted: Font: (Default) Courier New
ANGVEL_STOP Indicator of end odatz block niz | niz Yes __0~ { Formatted: Font: (Default) Courier New

CCSDS 504.0-B-26E€SBS-504-0-P-1.x
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)
)
)
)
)
)
]
)
)
)
)

- N/E Values / units Mandat
Keyword Description
ory
Block: Spin
All mandatory elements are to be provided if trecklis present.
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each comment lind shal E This is a comment No
SPIN_START Indicator of start odatz block nle nle Yes - ’[ Formatted: Font: (Default) Courier New
LCOWENT | One or more comment line(s). Each commentlindshal E_ _| Thisisacomment _ _ | __No_ | - - ‘[ Formatted: Font: (Default) Courier New
begin with this keywort
REF_FRAME A | The name of the reference frame that defines the | _Yes [ ] - - { Formatted: Font: (Default) Courier New
starting point of the transformation. The full sét
values is enumerated in annex Bor a definition of |
these various frames, the reader is directed eveete
J e S I RN R 1|~ - {Field Code Changed )
I ‘[ Formatted: Font: 8 pt ]
REF_FRAMEB | The name of the reference frame that definestteen, E | ICRF_ [ Yes J 1 "
- - - \ | Formatted: Font: 8 pt, Font color: Auto, Check spelling al
point of the transformation. The full set of valies SC_BODY_1 A | grammar
enumerated in annex B. N
\\{ Formatted: Font: 8 pt
A
SPIN_ALPHA Right ascension of spin axis vector n/g deg Yes| ~ < { Formatted: Font: (Default) Courier New
SPIN DELTA Declination of the spin axis vector n/a deg Yei \\ N ‘{ Formatted: Font: (Default) Courier New
N - N
SPI N ANGLE Phase of the satellite about the spin n/e deg Yes \\ N { Formatted: Font: (Default) Courier New
SPIN_ANGLE_VEL Angular velocity of satellite around spin axis n/a deg/s Yes N \{ Font. (Defaull) Courier N
NUTATI ON Nutation angle of spin & n/e deg Yes \\\ N Formatted: Font: (Defaul) ourfer ew
NUTATI ON_PER Body nutation period of the spin axis n/a s Yes |\ \{ Formatted: Font: (Default) Courier New
\
NUTATI ON_PHASE Inertial nutation phat n/e dec Yes \ N \\{ Formatted: Font: (Default) Courier New
" \
SPIN_STOP Indicator of end of data block n/a n/a Ye \\ \\{ Formatted: Font: (Default) Courier New
NN
Block: Inertia \ \\{ Formatted: Font: (Default) Courier New
. . . \
All mandatory elements are to be provided if trecklis present. \ { Formatted: Font: (Default) Courier New
See ANNEX C for conventions and further detail. » -
{ Formatted: Font: (Default) Courier New
COMMENT One-or-more-commentline(s). Each-commentlind shal E This-is-acomment No
begin with this keyword.
A NERTI A_START Indicator of start of data block n/a n/a Ye = ‘[ Formatted: Font: (Default) Courier New
LOMENT ] One or more comment line(s). Each commentlindshal E_ _| Thisisacomment _ _ _ | _ _ No |4 - ‘[ Formatted: Font: (Default) Courier New
begin with this keywort
A NERTI A REF_FRAM | Coordinate system for the inertiatensor. | E_ [ SCBODY 1 | Yes || - - ‘[ Formatted: Font: (Default) Courier New
E Allowed values for this keyword are enumerated in
annex B.
A XX Moment of Inertia about the X-axis n/a kg*m**2 Yeg | - - ‘[ Formatted: Font: (Default) Courier New
Yy Moment of Inertia about the-axis n/e kg*m**2 Yes _ 4[ Formatted: Font: (Default) Courier New
zZ Moment of Inertia about the Z-axis n/a kg*m**2 Yeq N
A . g - { Formatted: Font: (Default) Courier New
A XY Inertia Cross Product of the&-anc Y axes n/e kg*m**2 Yes o -
Xz Inertia Cross Product of the &and Z axes n/a kgrm*2 Yes { Formatted: Font: (Default) Courier New
1Yz Inertia Cross Product of the&-anc Z axe: nle kg*m*+2 Yes - ‘[ Formatted: Font: (Default) Courier New
J NERTI A STOP Indicator of end of data block n/a n/a Ye

Block: Maneuver Parameters
All ebligatery mandatorglements are to be provided if the block is present
See ANNEX C for conventions and further detail.
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- N/E Values / units Mandat
Keyword Description
ory
COMMENT One or more commentline(s). Each commentiind shal E Thisis-a comment No
JMANEUVER_START Indicator of start of data block n/a n/a Yes | -~ ‘[Formal‘ted:
LOWENT | One or more comment line(s). Each commentlindshal E _ | Thisisacomment | _ | No _} - { Formatted:
beqin with this keyword.
JMAN_EPOCH_START Epoch of start of maneuy nle nle Yes _ = ‘[ Formatted:
JMAN_DURATI ON Maneuver duration n/a 5 Yes . ,{ Eormatted:
REF_FRAVE Coordinate system for the torque vector. n/a n/a Yes
MBNREF_FRAVE | Coordinate y***i***q‘*******i *********************** ’****{Formatled:
Allowed values for this keyword are enumerated in
annex B.
MAN_TOR X 1% component of the torque vec n/e N*m Yes . - ‘[ Formatted:
MAN TOR Y 2" component of the torque vector n/a| N*m Yes| 7{ Eormatted:
TR Z 3 component of the torque vec nle N*m Yes
LAN comp 4 = ****{Formatled:
JMANEUVER STOP Indicator of end of data block n/a n/a Yes |
- ‘[ Formatted:

3.2.5 REMARKS

3.25.1 DATA FORMAT

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

(D D/ W S W

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

o

3.2.5.1.1 See ‘CREATION_DATE' in tablg-13-1 or see referendg]f4} for examples of
how to format the EPOCH and MAN_EPOCH_STARTNote that any epoch specified
denotes a spacecraft event time.

3.2.5.1.2 In specifying the EPOCH of the message, care nautaken if UTC is used as the
TIME_SYSTEM—_If an APM message reports attitude during a timéeap seconds, the
system making use of the message should be abkcognize 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)

3.25.2 GENERAL

3.2.5.2.1 It may become necessary to utilize particular oifidormation to process Euler
angle elements or a local orbit frame (e.g., LVIGEW) 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 ahg or two axes may be handled
by entering the appropriate sequence for the dkgiree or two axis rotation and freely
choosing the final axis of rotation and giving &ueaof zero for the rotation angle.

3.2.6 APM KEYWORD SET
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3.2.6-43.2.6.10nly those keywords shown in tablgg-3-1, 3-23-2 and3-33-3shall be usied
in an APM—_Some keywords represealbligatery mandatorjtems and some are optignal.

KVN assignments representing optional items magrhited.

3.3 APM EXAMPLES

_ { Field Code Changed

o [ Field Code Changed

CCSDS_APM VERS =, —12. 0

CREATI ON_DATE— = 2003- 09- 30T19: 23: 57
ORI G NATOR— — = GSFC
COMVENT— — — — — | GEOCENTRI C, CARTESI AN, EARTH FI XED
COMWENT— — — — — OBJECT_I D. — 1997- 009A
COMMENT $I TI M— = 1997 NOV 21 22: 26: 18. 40000000, $ original launch tinme
OBJECT_NAME— — = TRW
OBJECT_I D— — — = 1997- 009A
CENTER_NAME— — = EARTH
TI ME_SYSTEM— — = UTC
COMWENT— — — — — Current attitude for orbit 335
COMWENT— — — — — Attitude state quaternion
COMMENT— — — — — Accuracy of this attitude is 0.02 deg RSS.
EPOCH— — — — — : = 2003- 09- 30T14: 28: 15. 1172
QUAT_START
REF_FRAME_A— — = SC BODY_1
REF_FRAME_B = | TRF-97
aAd—— — — — — = 0. 00005
e— — — — — — = 0.87543
— — — — — — = 0. 40949
fffff = 0.25678
QUAT_STOP

== ‘[ Formatted: French (France)

N { Formatted: French (France)

) L)

Figure 3-1:— APM File containing quaternion
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CCSDS_APM VERS — = 12.0

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

ORI G NATCR = GSFC

OBJECT_NAME— — = GOES-P

OBJECT_ID— — — = 2006- 003A

CENTER_NAME— —— "= EARTH

TINE_SYSTEM— — = UTC

COWENT— — — — —  GEOSYNCHRONOUS, CARTESI AN, EARTH FI XED

COMMENT OBJECT_I D: 2006- 003A
COMMENT $I Tl M— = 2006 FEB 5 03:23:45. 60000000, $ original |aunch tine

COMMENT— — — — — Attitude given by Euler angles
EPOCH— — — — — = 2006- 03- 12T09: 56: 39. 4987
EULER_START

COWENT— — — — — Euler angles
BPATA-TFYPE———=-SC-BEBY—1

REF_FRAME_A— — = EULER

REF_FRAME B— — = | TRF-97

EULER ROT_SEQ— = YXY

ANGLE_1 -~ — = -26.78 [deg]

ANGLE_2 — — =— 46.26 [deg]

ANGLE_3 T = 144.10 [deg]

EULER_STOP

Figure 3-2:— APM File Example with Euler Angles
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CCSDS_APM VERS
CREATI ON_DATE:

12.0
2004- 02- 14T19: 23: 57

ORIG NATOR— — — = JPL

OBJECT_NAME— — = MARS SPIRIT

OBJECT_ID— —— -~ = 2004-003A

CENTER_NAME— — = EARTH

TI ME_SYSTEM— — = UTC

COMWENT— — — = GEOCENTRI C, CARTESI AN, EARTH FI XED

COMVENT OBJECT_I D: 2004- 003
COWENT— $I Tl M— = 2004 JAN 14 22:26: 18. 400000, $ ori gi nal

BATAI NERTI A_START
Spacecraft Inertia Paraneters

COMMVENT— — — — — Generated by JPL

COMWENT— — — — — Current attitude for orbit 20 and attitude naneuver
COMMVENT— — — — — pl anni ng data.

EPCCH - = 2004-02-14T14: 28: 15. 1172
COMVENT Attitude state quaternion
QUAT_START

COWENT— — — — — Attitude state quaternion
REF_FRAME_A— — = | TRF-97 FNSTRUMENT-A
REF_FRAVE_B = | NSTRUVMENT_A }TFRF-97

A — — — — = 0.03123

e — — — — — —=0.78543

B— — — — — — — =0.39158

L—— — — - . — = 0.47832

DATAQUAT_STOP

COMENT ft Daranmtar

launch tine 14: 36

MANEUVER_STGP

= 6080.0— [kg*nt*2]

= 5245.5— [kg*nt*2]

= 8067.3—_ [kg*nt*2]

= -135.9— [kg*nt*2]

=89.3— — [kg*nr*2]

=.90.7 [ kg*nt*2]
| NERTI AQUAT_STOP
COMVENT Nat fall £ 1 pl d
COMENT Firct ttitud maneuver f ra MARS SDIL DI T
MANEUVER_START
COWENT— — — — — Data follows for 1 planned maneuver.
COMWENT— — — — — _First attitude nmaneuver for: MARS SPIRI T
COWENT— — — — — Inpulsive, torque direction fixed in body frane
MAN_EPCCH_START = 2004- 02- 14T14: 29: 00. 5098
MAN_DURATI ON— — = 3— — — — [s]
MAN_REF_FRAME— = NSTRUMENT-AI CRF
MAN TOR X— — — = -1.25— — [Nnj
MAN TOR Y— — — = -0.5— — [N*n]
MANTORZ— — — =0.5— — — [Nn]

Figure 3-3:— APM File Example with various contents
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4 ATTITUDE EPHEMERIS MESSAGE (AEM)

4.1 OVERVIEW

4.1.1 Attitude state information may be exchanged betwgarticipants by sending an
ephemeris in the form of a series of attitude statging an Attitude Ephemeris Message
(AEM).—_The message recipient must have a suitable meaimtegpolating across these
attitude states to obtain the attitude state arhitrary time contained within the span of the
attitude ephemeris.

4.1.34.1.2  The file naming schemshall- shouldbe agreed to on a case-by-case basis
between the participating agencies, typically usingnterface Control Document (ICBY.he
method of exchanging AEMs shall be decided on &-bgscase basis 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 combinationefdhowing:
a) aheader;
b) metadata (data about data);
c) optional comments (explanatory information); and

d) attitude data.

4.2.1.34.2.1.2Table4-14-1outlines the contents of an AEM.
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Table 4-1- AEM File Layout Specifications

Iltem 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 header shall provide a CCSDS Attitude Data Kgssversion number
identifies the format version; this is included dnticipate future changes.The versi
keyword shall be CCSDS_AEM_VERS and the value dimale the form of ‘x.y’, where

hat
n
V'

is incremented for corrections and minor changed,'® is incremented for major chan
Version 1.0 shall be reserved for the initial vensaccepted by the CCSDS as an o

pes.
fficial

Recommended Standard (‘Blue Book®)Testing shall be conducted using AEM version

numbers less than 1.0 (e.g., 0-Participating agencies should specify in the ICB®ghecific

AEM version numbers they will support.
4.2.2.2 The header shall include the CREATION DATE keywuwiith the value set to

Coordinated Universal Time (UTC) when the file veasated, according to referenddf4}.

A description of AEM header keywords and valugsrevided in tablel-24-2.
4.2.2.3 The first header line must be the first non-blank n the file.

A2

4.2.2.14.2.2.4The AEM header assignments are shown in tdkitd-2 which specifies
each 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 valueseramples);

e) whether the item is mandatory or optional.

4.2.2.24.2.2.50nly those keywords shown shall be used in an AEster.

the

- - - ‘[Formatted: Normal, Space Before: 0 pt

or
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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 2.0 Yes
incremented for corrections and minor changes,>ind
is incremented for major chanc
COMVENT One or more comment lines. E This is a No
Each comment line shall begin with this keyword. comment .
. - { Formatted: Font: (Default) Courier New, 8 pt ]
CREATI ON_DATE File creation date/time in UTC. E 2001-11- Yes
For format specification, see 7.6.9-—File-creation 06T11:17: 33
date/time-in-one-of the following formats:
YYYY-DDDTFhh:mm:ssf-d-d}
here VY'Y is the year MM is the two-digit
digit day of year, ‘T"is constant, ‘hh:mm:ssfl] is
the UTC time-in-hours,-minutes,-seconds,-and-option|
of the period as required may be used to obtain the
ORIGINATOR _ _ | Creatingagency. _ _ _ _ _ _ _ _ _ _ _ _ _ __ _E JONES_ ) Yes | *C-o - {Commented [LA11]: Message ID missing ]
The value for the "ORIGINATOR" keyword should ESCC \\\ \{ Formatted: Font: (Default) Courier New ]
come from the 'Abbreviation' column in the GSFC \{ - - ]
‘Organizations' registry of the SANA Registry GSCC Formatted: Keep with next
(https://sanaregistry.org/r/organizations). JPL
JAXA
_E E [201113719185 | ~ NoYes | + - Q- ’[ Formatted: Font: (Default) Courier New, 8 pt ]
Ny o
B — BN NN \[ Formatted: Font: 8 pt ]
identifier value are at the discretion of the 34CNES ‘\“ \\\\ \\\{ - . ]
originator-Creating-agency. ESCC WA Formatted: Keep with next
GSFC \\\\\\‘:\{ Formatted: Space After: 3 pt, Keep with next ]
esee \\\\\\\\{ Formatted: Font: (Default) Courier New J
PL
J \\\\\{ Formatted: Table Normall ]
JAXA \
\\‘\{ Commented [LA12]: Message ID missing ]
\ | Formatted: Default Paragraph Font, Font: (Default) Courier
| New
4.2.3 AEM METADATA {Formatted: Font: 8 pt ]

4.2.3.1 A single METADATA group shall precede each attituelghemeris data block.

Multiple occurrences of a METADATA group followed/lan attitude ephemeris data block
may be used (e.g., METADATA, DATA, METADATA, DATAetc.).

Before each METADATA group the string ‘META STARThall appear on a separate line
and after each METADATA group (and before the asded DATA START keyword) the

string ‘META_STOP’ shall appear on a separate line.

4.2.34.2.3.2 - — - {Formatled: Paragraph 4, Space Before: 0 pt J
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4.2.3-14.2.3.3The AEM metadata assignments are shown in &3é-3 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 orguatnples (E);
d) values (either the list of all normative valueeramples);

e) whether the item is mandatory or optional.

4.2.3:24.2.3.40nly those keywords shown shall be used in AEM oheti=—_ For sonLe
keywords (OBJECT_NAME, OBJECT_ID, CENTER_NAME) thare no definitive lists of
authorized values maintained by a control authptitg references listed in 1.5 are the best
known sources for authorized values to date.

Table 4-3- AEM Metadata

- Mandato
Keyword Description N/E Values ry

META_START The AEM message contains both metadata an|dn/a | n/a Yes
attitude ephemeris data; this keyword is used {o
delineate the start 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
by itself.

COMVENT Comments allowed only at the beginning of th¢ E This is a conment. No
Metadata section. Each comment line shall bepi
with this keyword.

E}

OBJECT_NAME Spacecraft name of the object correspondingtp E EUTELSAT WL Yes
the attitude data to be giveriThere is no
CCSDsS-based restriction on the value for this
keyword, but it is recommended to usemes

international-designatefrom the UN Office of

Outer Space AffairgRef.[2]) _ { Commented [LA13]: Link to be added

OBJECT_ID Spacecraft identifier of the object correspondirlg E 2000- 052A Yes \\\\ { Commented [LA14]:
N

to the attitude data to be giveWhile there is I

no CCSDS-based restriction on the value for thi { Commented [LA15]:

@

keyword, it is recommended to usgéernational
designators-ramdom the UN Office of Outer

Space AffairgRet.|[2]) == ‘[ Commented [LA16]: Link to be added

N \[ Commented [LA17]:
N

{ Commented [LA18]:
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o Mandato
Keyword Description N/E Values y
CENTER_NAME Origin of reference frame, which may be a E EARTH No
natural solar system body (planets, asteroids, STS 106
comets, and natural satellites), including any
planet barycenter or the solar system barycenfer,
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, but for natural bodies it is
recommended to use names from the NASA/JPL
Solar System Dynamics Grougdfreference
PBey. - ‘[ Formatted: Font: 8 pt, Font color: Auto ]
REF_FRAME_A Name of the reference frame that defines the E | CRF Yes
starting point of the transformation. The full se SC_BCDY_1
of values is enumerated in annex Bor a | NSTRUMENT_A
definition of these various frames, the reader i
directed toNavigation Definitions and
ConventiongreferencgH2][H4}). | R R I - ‘[ Formatted: Font: 8 pt ]
. { Field Code Changed )
REF_FRAME_B Name of the reference frame that defines the ¢nd E SC_BODY_1 Yes A - - - N
point of the transformation.The full set of | NSTRUVENT_A \\ [ F:)arrwr?]t;?d. Font: 8 pt, Font color: Auto, Check spelling aTd
values is enumerated in annex Bor a 9
definition of these various frames, the reader i: { Formatted: Font: 8 pt ]
directed to referenggi)i4y. (| 4 - [ Field Code Changed ]
S ‘[ Formatted: Font: 8 pt ]
TI ME_SYSTEM Time system used for both attitude ephemeris| E urc Yes D ~Font: 8 pt. Font color: Auto. Check spelling and
data and metadata (also see tggé¢-3and | | TtTAl | | N Ig;)arrt;]n;t;erd. -8 PL ’ ! peting T
A44-9-The full setofallowedvalvesis _ _ | | ____________ | ____ | _____ N
enumerated in annex-B.Explanations of these \\\ AN { Formatted: Font: 8 pt ]
time systems can be foundlifavigation Data - \\ { Formatted: Font: 8 pt, Check spelling and grammar ]
Definitions and Conventions-Navigation \\{ Field Code Changed ]
JEZB:Z;S and-Conventiorseference { Formatted: Font: 8 pt, Check spelling and grammar ]
START_TI ME Start of TOTAL time span covered by attitude | E | 1996- 12- Yes j\?\ \\1 ( Field Code Changed ]
ephemeris data immediately following this 18T14: 28: 15. 1172 \ \\\{ Formatted: Font: 8 pt ]
metadata block.The START_TIME time-tag-at \\ I Formatted: Font: 8 pt, Font color: Auto, Check spelling aTd
anew block of attitude ephemeris data must bp \\ grammar
W'me { Formatted: Font: 8 pt ]
For format specification, see 7.6.9.
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Keyword

Description

N/E

Values

Mandato
ry

USEABLE_
START_TI ME,

USEABLE

STCP-_THME

Optional starerd-enebf USEABLE time span
covered by attitude ephemeris data immediate
following this metadata blockTo allow for
proper interpolation near thesrds beginning/end|
of the attitude ephemeris data block, it may be|
necessarylepending-upon-the-interpelation
rethod-to-be-useth utilize thisesekeywords
with values within the time span covered by th
attitude ephemeris data records as denoted b
START/ STOP_TIME time tags.

The USEABLE_START_TIME time tag

of a new block of ephemeris data must be
greater than or equal to the
USEABLE_STOP_TIME time tag of the
previous block.

For forma specificationse€7.6.¢.

ly

b

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

No

USEABLE_STOP_
TIVE

Optional stop of USEABLE time span covered
by attitude ephemeris data immediately
following this metadata block. See also
USEABLE_START_TI ME.

For format specification, see 7.6.9.

1996- 12-

STOP_TI NE

End of TOTAL time span covered by the attitu
ephemeris data immediately following this
metadata blockFhe-STOP—TIME time-tag-for
the block of attitude ephemeris data must be
equalto-orlessthanthe START-TIME time ta]
of the next block.

For forma specificationse€7.6.¢.

fle E

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

ATTI TUDE_TYPE

The format of the data lines in the message. T|
keyword must have a value from the set speci
at the right- See 4.2.5 for details of the data
contained in each line.

his N
ied

QUATERNI ON
QUATERNI ON/ DER! VATI
VE

QUATERNI ON/ ANGVEL
EULER_ANGLE
EULER_ANGLE/ DERI VAT
I VE

EULER_ANGLE/ ANGVEL
SPIN

SPI N/ NUTATI ON

Yes

EULER_ROT_SEQ

The rotation sequence of the Euler angles that
rotate from REF_FRAME_A to
REF_FRAME_B- This keyword is applicable
only if ATTITUDE_TYPE specifies the use of
Euler anglet

Xz

No

RATE_FRAMVE

ratesangular velocity dagae specified. The
allowed values are shown at righThis

keyword is applicable only if
ATTITUDE_TYPE specifies the use of rates in|
conjunction with either quaternions or Euler

angles.
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o Mandato
Keyword Description N/E Values y

| NTERPOLATI ON | Recommended interpolation method for attitude E LI NEAR No
_METHOD ephemeris data in the block immediately HERM TE

following this metadata block. Lagr ange

Propagate / | _____ | _____
Ki nemati ¢

| NTERPOLATI ON | Recommended interpolation degree for attitudg 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 th

‘INTERPOLATION_METHOD’ keyword is

used.
META_STCOP 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

by itself.

and STOP-TIME all denote a spacecraft event time.

4.2.4 AEM DATA

4.24-24.2.4.1The Data section of the AEM shall be delineatedhey'DATA_START’ and
‘DATA_STOP’ keywords-_These keywords are intended to facilitate parsamgl will also
serve to advise the recipient that all the attitdd&a records associated with the immediately
preceding AEM Metadata section have been receitredlrétionale for including this is that
data volumes can be very large, so knowing whe#t@ begins and ends is desirabléhe
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 AEMs, each set of attitude ephemeris dataudicl the time tag, must be
provided on a single line.Table4-44-4lists the allowable combinations of data itemshwi

e

each item following the same definition as givenable3-33-3- The order in which the data

which the order of angle data must correspond witle sequence given by
EULER_ROT_SEQ.
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ATTITUDE_TYPE keyword

Table 4-4- Types of Attitude Ephemeris Data Lines

in the metadata.

Keyword

Value

Ephemeris Data Line

Quaternion Options (note that keywords and valppear only in Metadata)

{ Field Code Changed

- ‘[ Formatted Table

Epoch,—Q6—Q1,—Q2,—QB;
AFH-FUBE—TFYRE
4 -- {Formaned: English (United States)
QUATERNION- ANGVEL
T |- /{ Formatted: English (United States)
QUATERNI ON Epoch, QI, @, @, QC
Epoch, Q, @, @, C,
QUATERNI ON/ DERI VATI VE Q1_DOr, @_DOr, @_DOrT,
ATTI TUDE_TYPE QC_DOT
Epoch, QI, @, @, QC
QUATERNI ON/ ANGVEL ANGVEL_X, ANGVEL_Y,
ANGVEL_Z

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

EULER_ANGLE

Epoch,
ANGLE_1, ANGLE_2, ANGLE_{

ATTI TUDE_TYPE

EULER_ANGLE/ DERI VATI VE

Epoch,

ANGLE_1, ANGLE_2,
ANGLE_3, ANGLE_1_DOT,
ANGLE_2_DOT, ANGLE_3_DOT

EULER_ANGLE/ ANGVEL

Epoch,

ANGLE_1, ANGLE_2,
ANGLE_3, ANGVEL_X,
ANGVEL_Y, ANGVEL_Z

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

SPI'N

Epoch,

SPI N_ALPHA, SPI N _DELTA,
SPI N_ANGLE,

SPI N_ANGLE_VEL

ATTI TUDE_TYPE

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:

CCSDS 504.0-B-26E6SBS-504-0-P-1.x

Page4-19

May 2008August2d18



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

— dimensionless:EPOCH, Q1, Q2, Q3, QC; - = ‘{Formatted: Left, Indent: Left: 0.63 cm, Tab stops: Not at}
0.63 cm
— 1/s-Q1_DOT, Q2_DOT, Q3_DOT, QC_DOT;
— deg:-ANGLE_1, ANGLE_2, ANGLE-_3, SPIN_ALPHA, SPIN_DELTA,
SPIN_ANGLE, NUTATION, NUTATION_PHASE;
— deg/s-ANGLE_1 DOT, ANGLE 2 DOT, ANGLE 3 DOBNGVEL_X, - { Formatted: Left, Indent: Left: 0.63 cm, Tab stops: 1.27}
ANGVEL_Y, ANGVEL_Z, SPIN_ANGLE_VEL; cm, List tab + Not at 0.63 cm
— S—NUTATION_PER. - — - { Formatted: Left, Indent: Left: 0.63 cm, Tab stops: Not at
0.63 cm
- Note: The units do not appear in the AEM data lifiée data lines only contain values.— - - { Formatted: No bullets or numbering, Tab stops: Not at }
1.27 cm

4.2.5.4 FORMAT

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

4.2.5.4.2 See ‘CREATION_DATE’ in table-13-1 or see referendd]f4} for examples of
how to format the EPOCHNote that any epoch specified denotes spacecreifit ¢évne.

4.2.5.4.3 In specifying the EPOCH of the message, care nautaken if UTC is used as the
TIME_SYSTEM~— _If an AEM message reports attitude during a timdeap seconds, the
system making use of the message should be abkcognize 60 as a valid value for the
seconds (e.g.—200x-xx-xxT23:59:58.000 .. 200x-xx-xxT23:59:59.000..— 200x-Xx-
XxT23:59:60.000..- 200x-xx-xXT00:00:00.000)

4.2.5.5 TECHNICAL

4.25.5.1 It may become necessary to utilize particular omffidormation to process Euler
angle elements or a local orbit frame (e.qg., LVIG}EW) properly. An approach to this is to
add a ‘COMMENT’ block specifying a particular OPMessage to use in conjunction with a

particular APM.

4.2554255.2 Specification of Euler angle rotations around aore or two axes—— - - { Formatted: Paragraph 5, Space Before: 0 pt

may be handled by entering the appropriate sequendke desired one or two axis rotation
and freely choosing the final axis of rotation ajiving a value of zero for the rotation angle.

425514.255.3 Attitude ephemeris data lingsa given data blociust be ordered

by mcreasmg time, and tlme tags must not be

4255242554 The TIME_SYSTEM value must remain fixed within arEM
segment.

CCSDS 504.0-B-26E€SBS-504-0-P-1.x Page 4-20 May 2008August2018



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

425534.25.5.5 The occurrence of a second (or greater) metadat lffter some
attitude ephemeris data shall indicate that infetfm using succeeding attitude ephemeris
data with attitude ephemeris data occurring podhat metadata block shall not be deﬁﬁ'élib
method may be used for proper modeling of propalshaneuvers or any other source of a
discontinuity such as eclipse entry or exit.

4.255.44.2.5.5.6 Details about the interpolation method should lezsied using the
INTERPOLATION_METHOD and INTERPOLATION_DEGREE keywds within the AEM.

All data blocks must contain a sufficient numbegatitude ephemeris data records to allow the
recommended interpolation method to be carriecconsistently throughout the AEM.

425554.25.5.7 Specification of Euler angle rotations around amg or two axes
may be handled by entering the appropriate sequendke desired one or two axis rotation
and freely choosing the final axis of rotation @ixing a value of zero for the rotation value.
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4.3 AEM EXAMPLE S

omltted.

LCCSDS_AEM VERS = 21.0

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

META_START

COMMVENT— This file was produced by M R Sonebody, MSOO NAV/JPL, 2002 OCT 04.
- The relative accuracy of these

COWENT— It is to be used for attitude reconstruction only.

COWENT—  attitudes is 0.1 degrees per axis.
OBJECT_NAME— — — — — = MARS GLOBAL SURVEYOR
OBIECT_ID— — — — —— —— = 1996- 062A

CENTER_NAME— — - = mars barycenter
REF_FRAME_A— — — — — = EME2000

REF_FRAME B— — — — — = SC BODY_1
TIME_SYSTEM— — — — — = UTC

START_TIME— — — — — = 1996- 11-28T21: 29: 07. 2555
USEABLE_START_TI ME— = 1996- 11- 28T22: 08: 02. 5555
USEABLE_STOP_TI ME— — = 1996-11- 30T01: 18: 02. 5555
STOP_ TIME— — — — — — = 1996-11-30T01: 28: 02. 5555
ATTI TUDE_TYPE— — = QUATERNI ON

| NTERPOLATI ON_METHOD hernmite

| NTERPOLATI ON_DEGREE 7
META_STOP
DATA_START
1996- 11- 28T21: 29: 07. 2555 0.56748— 0. 03146 0.45689— 0. 68427
1996- 11- 28T22: 08: 03. 5555 0. 42319 -0.45697— 0.23784— 0.74533
1996- 11- 28T22: 08: 04. 5555 -0.84532— 0. 26974—_ -0.06532— 0. 45652
< intervening data records onitted here >
1996- 11- 30T01: 28: 02. 5555 0. 74563 -0.45375— 0.36875— 0.31964
DATA_STOP
VETA_START
COMVENT This bl ock begins after trajectory correction maneuver TCM 3.
OBJECT_ NAME— — — = mars gl obal surveyor
OBJECT_ID— — — — — — = 1996- 062A
CENTER_ NAME— — — — — = MARS BARYCENTER
REF_FRAME_A— — — = EME2000
REF_FRAME_B — T =sc BODY_1
TI ME_SYSTEM— — — — — = UTC
START_TIME— — — — — = 1996- 12- 18T12: 05: 00. 5555
USEABLE_START_TI ME—_ = 1996-12-18T12: 10: 00. 5555
USEABLE_STOP_TI ME— — = 1996- 12- 28T21: 23: 00. 5555
STOP_TIME— — _— — = 1996- 12- 28T21: 28: 00. 5555
ATTI TUDE_TYPE— — — — = QUATERNI ON
QUATERNI-ON-TYPE = LAST
META_STOP
DATASTART _
1996- 12- 18T12: 05: 00. 5555— .- 0. 64585 Q 018542— , -0.23854— 0.72501

.43475— , 0.13458— , 0. 16767

1996 12 18T12: 10: 10. 5555 -707675§7747 -, 0.23458— , -0.71418
< intervening records omtted here >
1996- 12- 28T21: 28: 00. 5555— - 0. 25485— 0.58745— -0.36845— 0.67394

DATA_STOP

Figure 4-1:— AEM Example

CCSDS 504.0-B-26E€SBS-504-0-P-1.x Page 4-22

May 2008August 2018

{ Formatted:

Condensed by 0.3 pt

= ‘[ Formatted:

French (France)

{ Formatted:

English (United States)

{ Formatted:

English (United States)

/ / { Formatted:

English (United States)

/// { Formatted:

English (United States)

11/

/// / { Formatted:

English (United States)

e /[Formatted:

,,,,,,,,,,,,, - 4////

English (United States)

H— J > { Formatted:

English (United States)

{ Formatted:

English (United States)

\
NN ‘[ Formatted:

W\ N

English (United States)

\\ \ Formatted:

English (United States)

\\ .
. \{ Formatted:

English (United States)

\\{ Formatted:

English (United States)

{ Formatted:

English (United States)

o U L )




CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

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

LOCSDS AEMVERS = 12.0 o ______| 4 -- {Formatted: French (France)
CREATI ON_DATE— — — = 2008-071T17: 09: 49

ORI G NATOR— — — — = GSFC FDF

MESSAGE_| D = 7077456

META_START

OBJECT_NAME— — — — = ST5-224

OBJECT_ID— — — — — = 2006224

CENTER_NAME— — — — = EARTH

REF_FRAME_A— — — — = J2000

REF_FRAME_B— — — — = SC_BODY_1

TI ME_SYSTEM = urc

START_TIME— — — — = 2006- 090T05: 00: 00. 071

USEABLE_START_TI ME = 2006- 090TO05: 00: 00. 071

USEABLE_STOP_TI ME— = 2006- 090T05: 00: 00. 946

STOP_TIME— — — — — = 2006-090T05: 00: 00. 946

ATTI TUDE_TYPE— — — = SPIN

META_STOP

DATA_START

COMMENT— — — — — — — Spin KF ground sol ution, SPINKF rates

=4 2006- 090T05: 00: 00. 071— 2. 6862511e+002 —6. 8448486e+001— 1.5969509e+002 - 1. 0996528e+003 | _ - { Formatted: Italian (Italy)

—~ 72006- 090T05: 00: 00. 196 2. 6863990e+002 — 6. 8432197e+001— 1. 4593720e+002 - 1. 0996493e+00! - -
. 6864591e+002 — 6. 8412960e+001— 1.3218766e+002 - 1. 0996455e+00 {Formaﬂedi Italian (Italy)

2
— 2006-090T05: 00: 00. 321— 2
2006- 090T05: 00: 00. 446 2.6863697e+002_ —6. 8392049e+001— 1. 1845280e+002 - 1. 0996402e+00.
— 2006-090T05: 00: 00. 571— 2.6861072e+002 —6. 8371266e+001— 1. 0473305e+002 - 1. 0996370e+00.
— 2006-090T05: 00: 00. 696— 2. 6856625e+002 —6. 8353279e+001— 9. 1030304e+001 - 1. 0996339e+00.
2006- 090T05: 00: 00. 821 2.6850631e+002 —6. 8340398e+001— 7. 7341548e+001 - 1. 0996317e+00.
2006- 090T05: 00: 00. 946 2.6843571e+002_—6. 8332398e+001— 6. 3662262e+001 - 1. 0996304e+00.

DATA_STOP

Figure 4-2:— AEM Spinner Example
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5 ACM <+~ — -~ ~ | Formatted: Outline numbered + Level: 1 + Numbering
- Style: 1, 2, 3, ... + Start at: 1 + Alignment: LeftAigned at:
0 cm + Tab after: 0.76 cm + Indent at: 0 cm
CM text to be included here -~
LS =S { Formatted: Highlight ]
\[ Formatted: Normal, No bullets or numbering ]
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6 CONSTRUCTING AN ADM/XML INSTANCE

6.1 OVERVIEW

6.1.1 This section provides more detailed instructionglie user on how to create an

ML

message based on one of the ASCII-text KVN-forndatteessages described in Secti

bns 3

through 5 of this document.

6.1.2 This section applies only to the XML representatminthe ADM messages.

rhe

ADM/XML schemas are available on the SANA Web sBANA is the registrar for

he

protocol registries created under CCSDS. The ADM IXbthemas explicitly define

the

permitted data elements and values acceptablé&déoXmML versions of the ADM messa

jes.

The location of the ADM/XML schemas is:

APM: https://sanareqistry.org/r/ndmxml/ndmxmil-1 & 2.0.xsd

AEM: https://sanaregistry.org/r/ndmxml/ndmxml-1.6ra-2.0.xsd

ACM: https://sanaregqistry.org/r/ndmxml/ndmxml-1.6r&2.0.xsd

6.1.3 Where possible these schemas use simple types amglex types used by

the

constituent schemas that make up Navigation Datsshtges (see Reference [5]).

6.2 ADM/XML BASIC STRUCTURE

6.2.1 Each ADM shall consist of eheader > and a<body>.

6.2.2 The<body> shall consist of one or mogsegnment > constructs (one for the AR

PM,

one or more for the AEM, one for the ACM).

6.2.3 Each<segnent > shall consist of ongnet adat a>/ <dat a> pair, as shown|i

Figure 6-1

NOTE: An AEM may have more than one segment, inctvitiase the metadata/data p|

air is

repeated in each segment.

<header >

</ header >

<body>
<segnent >

<met adat a>
</ et adat a>
<dat a>

</ dat a>

</ segnent >
</ body>

Figure 6-1: ADM XML Basic Structure
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6.3 ADM/XML TAGS

6.3.1 An ADM XML tag shall be all uppercase if it correspls directly to a KVN keyword
from the Header, Metadata, or Data sections.

6.3.2 The 'CCSDS A*M_VERS' keyword and value shall apmesaiXML attributes of the
root element rather than as XML elements. Thisnisrception where there is not a strict
correspondence between keywords in the KVN and taghe XML implementations,
specifically, the ‘CCSDS A*M_VERS'’ keywords fromehHeaders for the APM, AEM, and

ACM respectively.

6.3.3 ADM XML tags related to the XML message structuire.( that do not correspond
directly to a KVN keyword) shall be in ‘lowerCamel§e’ (e.g.<header >, <segnent >,
<met adat a>,<attitudeSt at eType>, etc.).

6.4 CONSTRUCTING AN ADM/XML INSTANCE

6.4.1 OVERVIEW

This subsection provides more detailed instructifmsthe user on how to create an XML
message based on the ASCII-text KVN-formatted neEssdescribed in Sections 1 through 5.

6.4.2 XML VERSION

6.4.2.1 The first line in the instantiation shall specihetXML version:
<?xm version="1.0" encodi ng="UTF-8"?>

This line must appear on the first line of eacliansation, exactly as shown.

6.4.3 BEGINNING THE INSTANTIATION: root element TAG

6.4.3.1 Each instantiation shall have a 'root elementttad'identifies the message type and
other information such as where to find the applieschema, required attributes, etc.

6.4.3.2 The root element tag in an ADM/XML instantiationaitbe one of those listed in
Table 6-1

Table 6-1: ADM/XML Root Element Tags

Root Element Tag Message Type

<apne</ apnp Attitude Parameter Message
<aenp</ aenp Attitude Ephemeris Message
<acne</ acnp Attitude Comprehensive Message
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6.4.3.3 The XML Schema Instance namespace attribute mustaapn the root element

tag

of all ADM/XML instantiations, exactly as shown:

xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"

6.4.3.4 Ifitis desired to validate an instantiation agithe CCSDS Web-based schem

A, the

xsi:noNamespaceSchemal ocation attribute must bedcad a single string of non-b

ank

characters, with no line breaks, exactly as shown:

xsi : noNanmespaceSchenaLocati on="http://sanaregistry.org/r/ndnxm / ndnxm -
1. 0-mast er. xsd"

NOTE — The length of the value associated with xeenoNamespaceSchemal.oc

htion

attribute can cause the string to wrap to a new; lmowever, the string it

self

contains no breaks.

6.4.3.5 There are two attributes that are required in twt element tag of an ADM/XN

L

single message instantiation, specifically, the DESxxx_VERS keyword that is also pa

rt of

the standard KVN header, and the Blue Book versignber.

6.4.3.6 The final attributes of the root element tag sbaltid’ and ‘version’.

6.4.3.7 The ‘id’ attribute shall be ‘id="CCSDS xxx_ VERSWhere xxx = AEM, APM, pr
ACM.

6.4.3.8 The ‘version’ attribute shall be ‘version="2.0"".

NOTE - The following example root element tag forAPM instantiation combineq all

the directions in the preceding several subsections

<?xm_version="1.0" encodi ng="UTF-8"2> |
<apm xm ns: xsi ="http://ww. w3. or g/ 2001/ XMLSchena- i nst ance
Xsi : noNanespaceSchenmalLocat i on=
"http://sanaregistry.org/r/ndnxm /ndnmxm - 1. 0- mast er . xsd"

i d=" CCSDS_APM VERS" version="2.0">

6.4.4 THE ADM/XML HEADER SECTION

6.4.4.1 The ADMs (APM, AEM, ACM) shall share a standard demaformat, with ta

- {Formatted: French (France)

|~ Field Code Changed

\\\\ ‘[Formatted: French (France)

{ Formatted: French (France)

L

gS

<header > and</ header > (see [5]).

6.4.4.2 Immediately following the<header tag the message may have any numier of

<COVWMENT></ COMVENT > tag pairs.

6.4.4.3 The standard ADM header shall contain the follonétement tags:
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a) <CREATI ON_DATE>
b) <ORI Gl NATOR>

) <MESSAGE | D>

NOTE — The rules for these keywords are specifiedables 3-1, 4-2, 5-?. An example
<header > section is shown immediately below:

<header >
<COWENT>This is the conmon ADM XM. Header . </ COWENT>
<COMMENT>l can put as nmmny comments here as |
want , </ COWENT>
<COMMENT>i ncl udi ng none. </ COMMENT>
<CREATI ON_DATE>2010- 03- 12T22: 31: 12. 000</ CREATI ON_DATE>
<ORI G NATOR>AGENCYX</ ORI G NATOR>
<MESSAGE | D>AGENCYX- 1234</ MESSACE | D>
</ header >

6.4.5 THE ADM/XML BODY SECTION

6.4.5.1 After coding the<header >, the instantiation must include<body></ body>
tag pair.

6.4.5.2 Inside the <body></body> tag pair must appear at least one
<segnent ></ segnent > tag pair, depending on the particular ADM (APM, MEACM).

6.4.5.3 Each<segmert must be made up of oraret adat a></ net adat a> tag pair
and one<dat a></ dat a> tag pair.

6.4.6  THE ADM/XML METADATA SECTION

6.4.6.1 All ADMs must have at least one Metadata section.

6.4.6.2 The Metadata Section shall be set off by #iiet adat a></ net adat a> tag
combination.

6.4.6.3 Immediately following the<net adat a> tag, the message may have any number of
<COWMENT></ COMVENT> tag pairs.

NOTE: The <COMVENT></ COMVENT> placement is requlated by the XML schema.
Standard XML comments, i.e. of the forh- - comment cont ent --> may be placed
anywhere in the Metadata Section because theygaoead by the XML schema validator.

6.4.6.4 Between the <metadata> and </metadata> tags, thveokds shall be the same as
those in the Metadata sections in Sections 3 thrdugf this document, with exceptions as
noted in the subsections that discuss creatingntistions of the specific messages.
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6.4.7 THE ADM/XML DATA SECTION

6.4.7.1 All ADMs must have at least one data section.

6.4.7.2 The Data Section shall follow the Metadata Sectmd shall be set off by

the

<dat a></ dat a> tag combination.

6.4.7.3 Immediately following the<dat a> tag, the message may have any num

ber of

<COWMENT></ COMVENT > tag pairs.

NOTE: The <COMVENT></ COWENT> placement is regulated by the XML sch

ema.

Standard XML comments, i.e. of the forrh- - comment cont ent --> may be plag

ed

anywhere in the Data Section because they areddrny the XML schema validator.

6.4.7.4 Between thecdat a> and</ data> tags, the keywords shall be the same as th

ose in

the data sections in Sections 3 through 5 of tbmuchent, with exceptions as noted in the

subsections that discuss creating instantiatioriseo§pecific messages.

6.5 LOCAL OPERATIONS

6.5.1 Foruse in a local operations environment, the NKMI.L schema set (which inclu

Hes

the ADM schemas) may be downloaded from the SANA gite to a local server that m

eets

local requirements for operations robustness. &feréhce [5].

6.5.2 If a local version is used, the value associated th wi th

e

xsi:noNamespaceSchemal ocation attribute must begeldeto a URL that is accessible t

D the

local server.

6.6 CREATING AN APM INSTANTIATION

6.6.1 An APM instantiation shall be delimited by tk@pn></ apn®> root element t3

gs

using the standard attributes documented in 6.4.3.

NOTE - Figures <<TBD>> provide example APM instatitins.

6.6.2 The final attributes of theapn® tag shall be ‘id’ and ‘version’; the order in w

nic

these attributes are specified is not significant.

6.6.3 The ‘id’ attribute shall bei ‘d=" CCSDS APM VERS".

6.6.4 The ‘ver si on’ attribute for the version of the APM shall heef si on="2. 0"".

6.6.5 The standard ADM/XML header shall follow tkapn® tag (see 6.4.4).

6.6.6 The APM<body> shall consist of a singkesegnent >.

6.6.7 The keywords in thenet adat a> and<dat a> sections shall be those specifi

ed in

Section 3.
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6.6.8 Tags for keywords shall be all uppercase, as itiGe8Error! Reference source not
found..

6.6.9 Several of the APM/XML keywords may have a unitibttte, if desired by the APM
producer, as illustrated in the following table:

Table 6-2 APM XML Units

Keyword Units | Example

QL_DOT 1/s <Ql_DOT units="1/s">nuneric-val ue</ QL_DOT>

Q_DOor 1/s <@ _DOT units="1/s">nuneric-val ue</ 2 DOT>

3_DOoT 1/s <@_DOT units="1/s">nuneri c-val ue</ (3_DOT>

QC_DOT 1/s <QC DOT uni ts="1/s">nuneri c-val ue</ QC_DOT>

ANGLE_1 deg <ANGLE_ 1 units="deg">nuneri c-val ue</ ANGLE 1>

ANGLE_2 deg <ANGLE 2 uni ts="deg" >nuneri c-val ue</ ANGLE 2>

ANGLE 3 deg <ANGLE_3 uni t s="deg" >nuneri c- val ue</ ANGLE_3>

ANGLE 1 DOT deg/s <ANGLE_1_DOT uni t s="deg/s" >nuneri c-val ue</ ANGLE_1_DOT>
ANGLE 2 DOT degl/s <ANGLE_2_DOT uni t s="deg/s" >nuneri c- val ue</ ANGLE_2_DOT>
ANGLE_3_DOT degls <ANGLE_3_DOT uni t s="deg/s" >numneri c- val ue</ ANGLE_3_DOT>
ANGVEL_X deg/s <ANGVEL_X uni ts="deg/s" >nuneri c- val ue</ ANGVEL_X>
ANGVEL_Y degls <ANGVEL_Y uni ts="deg/s" >nuneri c- val ue</ ANGVEL_Y>
ANGVEL_Z degls <ANGVEL_Z uni ts="deg/s" >nuneri c- val ue</ ANGVEL_Z>

SPI N_ALPHA deg <SPI N_ALPHA uni t s="deg" >nuneri c- val ue</ SPI N_ALPHA>

SPI N_DELTA deg <SPI N_DELTA uni t s="deg" >nuneri c- val ue</ SPI N_DELTA>

SPI N_ANGLE deg <SPI N_ANGLE uni t s="deg" >nuneri c- val ue</ SPI N_ANGLE>
SPIN_ANGLE_VEL |deg/s <SPI N_ANGLE_VEL uni ts="deg/s" >nuneri c-

val ue</ SPI N_ ANGLE_VEL>

NUTATI ON deg <NUTATI ON uni t s="deg" >nuner i c- val ue</ NUTATI O\N>
NUTATI ON_PER s <NUTATI ON_PER uni t s="s" >nuner i c- val ue</ NUTATI ON_PER>
NUTATI ON_PHASE | deg <NUTATI ON_PHASE uni t s="deg" >nuneri c-
val ue</ NUTATI ON_PHASE>
I XX kg*m**2 | <I XX uni t s="kg*nt*2" >nuneri c- val ue</ | XX>
1YY kg*m**2 | <I YY units="kg*nt*2" >nuneri c-val ue</1YY>
| ZZ kg*m**2 | <I ZZ uni t s="kg*nt**2" >nuneri c-val ue</ | ZZ>
| XY kg*m**2 | <I XY units="kg*nt*2" >nuneri c-val ue</ | XY>
| XZ kg*m**2 | <I XZ uni t s="kg*nt*2" >nuneri c- val ue</ | X2>
1YZ kg*m**2 | <I YZ units="kg*nt*2" >nuneri c- val ue</1YZ>
VAN _DURATI ON s <MAN_DURATI ON uni t s="s" >nuneri c- val ue</ MAN_DURATI ON\>
MAN TOR X N*m <MAN TOR X units="N"ni>nuneri c-val ue</ MAN TOR X>
VAN TOR_ Y N*m <MAN TOR_Y uni t s="N*ni' >nuneri c-val ue</ MAN_TOR_Y>
MAN TOR Z N*m <MAN TOR Z uni t s="N*ni' >nuneri c-val ue</ MAN_TOR Z>

6.6.10 SPECIAL TAGS IN the APM/xml BODY

NOTE — In addition to the APM keywords specifieddaction 3, there are several special
tags associated with the APM body as describedamext few subsections. The
information content in the APM is separated intastaucts referred to as ‘logical
blocks’. Special tags in the APM are used to endaps the information in the
logical blocks of the APM.

6.6.11 The APM/XML tags used to delimit the logical bloakisthe APM shall be drawn from
the following table:
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Table 6-3 Special Tags in the APM/XML Body

APM Logical Block Associated APM/XML Tag
Attitude Quaternion <quat er ni onSt at e>

<quat er ni on>
<quat er ni onDeri vative>

The<quat er ni onSt at e> consists of the
<quat er ni on> tag that contains the
components of the quaternion itself, and the

<quat er ni onDeri vat i ve> tag that containg
the rate of change of the quaternion componehts

Euler Angle Elements <eul er Angl eEl enent s>
Angular Velocity Vector <angul ar Vel oci ty>
Spin <spi n>

Inertia <inertia>

Maneuver Parameters <maneuver Par anet er s>

6.6.11.1 Between the begin tag and end tag (e.g., betweeh er Angl eEl enent s> and

</ eul er Angl eEl enent s>), the user shall place the keywords required leyspbecif

o

logical block as specified in Section 3.

6.6.12 DISCUSSION

This non-normative subsection discusses and prewigamples of the use of quaternion tags

in the APM.

The XML representations of quaternions in the ADdhstituent messages share a conmon

quaternion definition. However, there are some edéices in those definitions in

the

underlying KVN definitions of the APM and AEM. THellowing examples are meant to

illustrate the standard for representing guatesniorthe APM.

Here is an example APM quaternion construct:

<quat er ni onSt at e>
<EPOCH>2004- 100T00: 00: 00Z</ EPOCH>
<REF_FRAME_A>| CRF</ REF_FRAMVE_A>
<REF_FRAME_B>| CRF</ REF_FRAME_B>
<qguat er ni on>
<Q1>0. 00005</ Q1>
<Q@>0. 87543</ 2>
<(B>0. 40949</ (B>
<QC>0. 25678</ QC
</ quat er ni on>
</ quat er ni onSt at e>

Here is an example APM quaternion construct withdhtional derivative:
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<qguat er ni onSt at e>
<EPOCH>2004- 100T00: 00: 00Z</ EPOCCH>
<REF_FRAME_A>| CRF</ REF_FRAME_A>
<REF_FRAME_B>I CRF</ REF_FRAME_B>
<quat er ni on>
<Q1>0. 00005</ Q1>
<@>0. 87543</ >
<(@3>0. 40949</ B>
<QC>0. 25678</ QC>
</ quat er ni on>
<quat er ni onDeri vative>
<Ql DOr>0. 002</ Q1 _DOT>
<@ DOr>0. 003</ @ DOT>
<@_DOr>0. 004</ @3_DOT>
<QC _DOT>0. 001</ QC_DOT>
</ quat er ni onDeri vati ve>
</ quat er ni onSt at e>

6.7 CREATING AN AEM INSTANTIATION

6.7.1 An AEM instantiation shall be delimited with tk@aent</ aen root element tags
using the standard attributes documented in 6.4.3.

NOTE - Figures <<TBD>> provide example AEM instatibns.

6.7.2 The final attributes of theaen® tag shall be ‘id’ and ‘version’; the order in whic
these attributes are specified is not significant.

6.7.3 The ‘id’ attribute shall be 'id="CCSDS_AEM_VERS".

6.7.4 The ‘version’ attribute for the version of the AEMall be ‘version="2.0".

6.7.5 The standard ADM/XML header shall follow tkeen® tag (see 6.4.4).

6.7.6 The AEM <body> shall consist of one or moresegnent > constructs (see [5],

section 3.4).

6.7.7 The keywords in thenet adat a> and<dat a> sections shall be those specified in
Section ERROR! REFERENCE SOURCE NOT FOUND..

6.7.8 Tags for keywords shall be all uppercase as ini@edError! Reference source not
found..

6.7.9 Although units are not specified in the KVN reprsdéion of the AEM, several of the
AEM/XML keywords may have a unit attribute, if desi by the AEM producer, as illustrated
in the following table:
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Table 6-4 AEM XML Units

Keyword Units | Example

QL_DOr 1/s <QL DOT uni ts="1/s">nuneri c-val ue</ QL_DOT>

Q_DOr 1/s <2_DOT uni ts="1/s">nuneri c-val ue</ 2_DOT>

Q3_DOr 1/s <B_DOT uni ts="1/s">nuneri c-val ue</ Q3_DOT>

QC _DOT 1/s <QC DOT uni ts="1/s">nuneri c-val ue</ QC_DOT>

ANGLE 1 deg <ANGLE 1 units="deg">nuneri c-val ue</ ANGLE 1>

ANGLE 2 deg <ANGLE 2 uni ts="deg">nuneri c-val ue</ ANGLE 2>

ANGLE 3 deg <ANGLE 3 uni ts="deg">nuneri c-val ue</ ANGLE_3>
ANGLE_1_DOT deg/s <ANGLE_1_DOT uni ts="deg/s">nuneri c-val ue</ ANGLE_1_DOT>
ANGLE_2_DOT deals <ANGLE_2_DOT uni t s="deg/ s" >nuneri c- val ue</ ANGLE_2_DOT>
ANGLE_3_DOr deg/s <ANGLE_3_DOT uni t s="deg/ s" >nuneri c- val ue</ ANGLE_3_DOT>
ANGVEL_X deals <ANGVEL_X uni t s="deg/ s">nuneri c- val ue</ ANGVEL_X>

%
m
jul
<
[=8

- eqgl/s <ANGVEL_Y uni ts="deg/s"

>nuneri c- val ue</ ANGVEL Y>

ANGVEL Z deg/s <ANGVEL_Z uni t s="deg/ s" >nuneri c- val ue</ ANGVEL_Z>
SPI N_ALPHA deg <SPI N_ALPHA uni t s="deg" >nuneri c- val ue</ SPI N_ALPHA>
SPI'N_DELTA deg <SPI' N _DELTA uni ts="deg" >nuneri c-val ue</ SPI N DELTA>
SPI'N_ANGLE deg <SPI' N_ANGLE uni ts="deg" >nuneri c-val ue</ SPI N ANGLE>
SPIN_ANGLE VEL |deg/s <SPI N_ANGLE_VEL uni ts="deg/ s">nuneri c-

val ue</ SPI N ANGLE VEL>

NUTATI ON

<NUTATI ON uni t s="deg" >nuneri c- val ue</ NUTATI O\>

NUTATI ON_PER <NUTATI ON_PER uni t s="s"

>nuner i c- val ue</ NUTATI ON_PER>

NUTATI ON_PHASE <NUTATI ON_PHASE uni t s="

deg" >nuneri c-

val ue</ NUTATI ON_PHASE>

6.7.10 SPECIAL TAGS IN the AEM BODY

NOTE - In_addition to the AEM keywords specified $ection £&rror! Reference

source not found, there are several special tags

associated vatAEM body as descrilped

in the next few subsections.

6.7.10.1 The <attitudeState tag shall be used to

encapsulate the keywordsiatsd with

the structure of one of the attitude ephemeris litagaypes.

6.7.10.2 The ADM/XML tags used within theat t i t udeSt at e> structure shall be drgwn

from the following table:

Table 6-5 Special Tags in the AEM/XML Body
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AEM ‘ATTITUDE TYPE’ Associated ADM/XML Tag in the
Metadata Value <attitudeSt at e>
QUATERNION <quat er ni onSt at e>
QUATERNION/DERIVATIVE <quat er ni onDeri vati ve>
QUATERNION/ANGVEL <quat er ni onAngvel >
EULER_ANGLE <eul er Angl e>

EULER ANGLE/DERIVATIVE <eul er Angl eDeri vati ve>
EULER_ANGLE/ANGVEL <eul er Angl eAngvel >

SPIN <spi n>

SPIN/NUTATION <spi nNut at i on>

6.7.10.3 Between the beqin tag and end tag (e.q., betwepmt er ni onSt at e> and
</ quat er ni onSt at e>), the user shall place the values required bgpeeific ephemeris
data line type as specified in Sectidirrbr! Reference source not found, Table 4-4.

6.7.10.4 In the XML representation of the AEM, the compomsarftthe<at ti t udeSt at e>
ephemeris data line must be represented with kelsvde., a tag).

6.7.10.5The<at ti t udeSt at e> keywords shall be the same as those defined éosdame
construct in the APM.

NOTE — In the KVN representations of the ephemdsta lines, keywords are not used.
Rather, the components of the ephemeris data fipea in an order defined by
the specific ephemeris data line type. In the XMhresentation, the tags described
are fundamental to the format.

6.7.11 DISCUSSION

This non-normative subsection discusses and prswégamples of the use of quaternion tags
in the AEM.

The XML representations of quaternions in the ADbhstituent messages share a common
quaternion definition. However, there are some edéffices in those definitions in the
underlying KVN definitions of the APM and AEM. As ithe KVN representation of the
quaternion, it is possible to code the tags forirtldévidual components of the quaternion (Q1,
Q2, Q3, QC) in either of the standard orders @&alar component first or last). The following
examples are meant to illustrate the standardefmesenting quaternions in the AEM.

Here is an example AEM quaternion for a ‘QUATERNIGH®hemeris data line:

<attitudeState>
<guat er ni onSt at e>
<EPOCH>2004- 100T00: 00: 00</ EPOCH>
<guat er ni on>
<Q1>0. 00005</ QL>
<@>0. 87543</ @>
<(@>0. 40949</ (B>
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<QC>0. 25678</ QC>
</ quat er ni on>

</ quat er ni onSt at e>
</attitudeState>

Here is an example AEM guaternion for a ‘QUATERNIDERIVATIVE’ ephemeris d4g

ta

line:

<attitudeStat e>
<quat er ni onDeri vati ve>
<EPOCH>2004- 100T00: 00: 00</ EPOCH>
<quat er ni on>
<Q1>0. 00005</ Q1>
<@@>0. 87543</ 2>
<@B>0. 40949</ B>
<QC>0. 25678</ QC>
</ quat er ni on>
<quat er ni onDeri vati ve>
<Ql_DOT>0. 002</ Q1_DOT>
<2_DOT>0. 003</ @2_DOr>
<@ _DOT>0. 004</ @3 _DOT>
<QC_DOT>0. 001</ QC_DOT>
</ quat er ni onDeri vati ve>
</ quat er ni onDeri vative>
</attitudeStat e>

6.8 CREATING AN ACM INSTANTIATION

6.8.1 SECTION FORTHCOMING AS THE ACM IS DEFINED... NOTHIBITO ADD AT

THIS TIME.
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57 ATTITUDE DATA MESSAGES KVN SYNTAX |

5:17.1 INTRODUCTION

This section details the syntaeticequirements for attitude messageall APM and AEI‘LI
messages shall observe the syntax described iecidrs 5.2 through 5.8.

5:27.2 APM

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

5:37.3 AEM

The AEM shall be a plain text file, using the keyai@escriptions given in 4.2.1 through
1.1.1426

547 4LINES

54417.4.1 _Each APM and AEM line must not exceed 258CI| characters and spaces
(excluding line termination character[s]).

5.4.27.4.2 _ Only printable ASCII characters and blanks shalubed--_Control charactlzrs
(such as TAB, etc.) shall not be used, exceptdisated below for the termination of lines.

5.4.37.4.3 __ Blank lines may be used at any position withinfttee

placement of comment lines in an ARMSee7.8.35-8-3for details regarding the placement
of comment lines in an AEM.

54.47.4.4  Comment lines shall be optional.See7.8.25-8-2for details regarding ’Lhe

54.57.4.5 APM and AEM lines shall be terminated by a singéeriaige Return or a single
Line Feed, or a Carriage Return/Line Feed pairldna Feed/Carriage Return pair.
5.57.5 KEYWORDS

5547.5.1  All header, metadata, and APM data lines, with pkoes as noted in
7.5.85:5-8 shall use ‘keyword = value’ notation, abbreviatsdKVN.

5.5.27.5.2 __ Only a single ‘keyword = value’ assignment shallhbede on a line.
5.5.37.5.3  Keywords must be uppercase and must not contaik$la

5547.5.4 _ Any white space immediately preceding or followthg keyword shall not be
significant.
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5.5.57.5.5  Any white space immediately preceding or followthg ‘equals’ sign shall not
be significant.

5.5:67.5.6 ___Any white space immediately preceding the endref 8hall not be significant.

5577.5.7 The order of occurrence obbligatery— mandatoryand optional KVN
assignments shall be fixed as shown in taBlés-1, 3-23-2 and3-33-3for the APM, and as

shown in tableg-24-2and4-34-3for the AEM+-_Exeeptions-to-thisrule-forthe ARPM-shall be
forguaternion-and-Eulerangle-ordering;as-desdrib-3-2.5.

5.5.87.5.8  The keywords COMMENT, META_START, META_STOP, DATATART
and DATA_STOP, QUAT START, QUAT STOP, EULER_START, EULER_STOP,
ANGVEL_START, ANGVEL_STOP, SPIN_START, SPIN_STOPNHRTIA_START,
INERTIA_STOPand AEM data lines are exceptions to the KVN syntax

5.67.6 VALUES

56-17.6.1 Anqle measurements shall be qlven in deqrees waiiilies between -360 and
360 degrees- ‘

If agencies WISh to exchange using radlans thlstr‘ue specmed in an ICD because it is
nominally outside the standard.

5.6.27.6.2 __ Blanks shall not appear within numeric values ame tvalues.

5.6.37.6.3 ___Integer values shall consist of a sequence of d#aifigits with an optional
leading sign (‘+" or *-")— If the sign is omitted, ‘+’ shall be assumedleading zeros may be
used-_The range of values that may be expressed asegeins:

S

42 147 483 648 <= x <= +2 147 483 647 (.31 2= x <= 2L1). ~ -| Commented [LA20]: Comma not added because | found thi

5:6:47.6.4 _ Non-integer numeric values may be expressed irrefiked-point or floating- | N TR mE S o T S o A R
point notation-_Both representations may be used within an APMhohBM. \ more readable by separating them into groups, raiefie
W groups of three, separated by a small space. Forethson,

5.6.4.17.6.4.1Non-integer numeric values expressed in fixed-poiation shall consistof a " | SO 31-0 specifies that such groups of digits stioaver be
— . S . . . L . R W separated by a comma or point, as these are reskenvase
sequence of decimal digits separated by a periaddasimal point indicator, with an optional ' | as the decimal sign.
leading sign (‘+’ or ‘-")—._If the sign is omitted, ‘+' shall be assumed.eading and trailing m
o el . . . \ - ki i iKi, -
zeros may be usedAt least 1 digit is required before and after ainhet point.- The number \,| Souree https:/ien.wikipedia.org/wikiSO_31-0
of digits shall be 16 or fewer. o —
\{ Formatted: Highlight ]
5.6.4.27.6.4.2Non-integer numeric values expressed in floatingHpootation shall consist [ Formatted: Highiight )
of a sign, a mantissa, an alphabetic charactetatidg the division between the mantissa and {Formaﬂed: Highlight ]

exponent, and an exponent, constructed accorditigetfollowing rules:

— The sign may be ‘+’ or *-= If the sign is omitted, '+’ shall be assumed.
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— The mantissa must be a string of no more than téndé digits with a decimal point
‘.’ in the second position of the ASCII string, segting the integer portion of the
mantissa from the fractional part of the mantissa.

— The character used to denote exponentiation skalEbor ‘e’.— If the characJer
indicating the exponent and the following exporemet omitted, an exponent value of
zero shall be assumed (essentially yielding a fixeiht value).

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

— The maximum positive floating-point value is appmately 1.798E+308, with
precision of 16 significant decimal digitsThe minimum positive floating-point vdlue
is approximately 4.94E-324, with precision of 1@rsficant decimal digits.

5.6.57.6.5 _ These specifications for integer, fixed-point, flodting-point values conform
to the XML specifications for the data types foytebinteger ‘xsd:int’, ‘decimal’ and ‘double’
respectively—_The specifications for floating-point values comfoto the IEEE double
precision type (referendé]fé}).— Floating-point numbers in IEEE extended-single B
extended-double precision may be represented, dueglire an ICD between participating
agencies because of their implementation-specifitoates (referencgs]f6}).— Note thht
NaN, +Inf, -Inf, and -0 are not supported values.

5.6.67.6.6___ Text value fields must be constructed using orllyabercase or all lowercase.

5.6.77.6.7 A non-empty value field must be specified for eaelgword provided, except
as noted ir7.5.85-5-8

5.6.87.6.8___In value fields that are text, an underscore dfmkquivalent to a single blank.
Individual blanks between non-blank characters|dbmlretained (shall be significant) but
multiple blanks shall be equivalent to a singlenkla

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

YYYY-MM-DD:Thh:mm:ss[.d-d][Z]

or

YYYY-DDDThh:mm:ss[.d-d][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 constant, ‘himmss[.d-d] is the time in hours, minutes
seconds, and optional fractional seconds; ‘Z’' isoptional time code terminator (the only

permitted value is ‘Z’ for Zulu, i.e., UTG)AIl fields shall have leading zeresSee refererjce
[4]F4}, ASCII Time Code A and B.
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5.77.7 UNITS
5717.7.1 _APM RESTRICTIONS

For clarity, units may be included as ASCII textaf value, but they must exactly match the
units specified in tabld-33-3(including case}. If units are displayed, then:

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

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

5+427.7.2  AEM RESTRICTIONS

5.7.2.17.7.2.1Units shall not be displayed; the applicable uaits determined by the value
set for the ATTITUDE_TYPE keywordsee 4.2.5.3.

5.87.8 COMMENTS
5.8.17.8.1 GENERAL

5-8-1-17.8.1.1All comment lines shall begin with thedWENT’ keyword followed by at least
one space.This keyword must appear on every comment linejusathe first such line.The
remainder of the line shall be the comment valM/hite space shall be retained (shall be
significant) in comment values.

5.8.14-27.8.1.2Comments may be used to provide provenance infasmat to help describe
dynamical events or other pertinent informationoagged with the data. This additional
information is intended to aid in consistency cleeakd elaboration where needed, but shall
not be required for successful processing of a file

in provided ADM data does not fit well into the gia comment line paradigm, it is
recommended that the APM or AEM producer convey &eynents of that information in
comments and use an ICD to provide further details.

COMMENT  of Launch Operations Readi ness Test held on 15 July 2004.
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5:827.8.2  APM SPECIFIC

5.8.2-17.8.2.1Comments are optional and may appear only at tiginbieg of the APM

Header and APM Metadata sections, as shown ing8kl&-1and3-23-2— In the APM Data
section, comments shall appear only at the beginoiira logical block: Comments must pot
appear between the components of any logical hilothke APM Data section.The logical
blocks in the APM Data section are indicated inag&bh33-3

vide

COWMENT  Dynamics Facility for this attitude solution was
COWMENT [ 0.02670 0.00945 0.00832] DEG

5:837.8.3 AEM SPECIFIC

5.8.3.17.8.3.1General

Comments are optional and may appear only after siiecification 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 keyworh.
Comments must not appear between attitude ephedwedines, nor after the DATA_STOP
keyword.
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8 ATTITUDE DATA MESSAGES XML SYNTAX

NOTE: Could be put in Section 7 also (i.e., onetayrsection, divided between KVN

and

XML.
8.1 OVERVIEW

8.1.1 XML instantiations of an ADM shall observe the sgmtescribed in this chapter.

8.2 ADM LINES IN XML

8.2.1 Each ADM file shall consist of a set of ADM lindsach ADM line shall be one of

the

following:

— XML version line;

— an XML-formatted line; or

— ablankline.

8.2.2 Each ADM line must not exceed 254 ASCII charactard spaces (excluding

line

termination character[s]). [Question: Differemhif for ACM?]

8.2.3 Only printable ASCII characters and blanks shalubed. Control characters (su

h as

TAB, etc.) shall not be used, with the exceptiorthaf line termination characters speq

ified

below. [Note: Frank has recommended as stateregotfement regarding XML "escay

ed"

characters such as &amp; &It; &gt; &quot; &aposutht is not yet clear what

the

statement/requirement should be.]

8.2.4 Blank lines may be used at any position within filee Blank lines shall have

assignable meaning, and may be ignored.

8.2.5 All lines shall be terminated by a single Carrid&gturn or a single Line Feed,

or a

Carriage Return/Line Feed pair or a Line Feed/@ge&iReturn pair.

8.3 VALUES IN THE ADM/XML

8.3.1 Each mandatory XML tag must be present and cort&alid value.

8.3.2 Integer values shall follow the conventions of tlwteger data type

per

Reference [reference here to XML datatypes docuf8éfgee above)]. Additional restricti

ons

on the allowable range of values permitted for iabgger data element may also be defin

edin

the ADM XML Schema.

NOTE — Examples of such restrictions may includiefined range (e.g., 0 - 100, 1

10,

etc.), a set of enumerated values (e.g., 0,1,2 4 Bje-defined specific varia

ion

such as positivelnteger, or a user-defined data vgpiation.
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8.3.3 Non-integer numeric values may be expressed irreftked-point or floating-point
notation. Numeric values shall follow the convensioof the double data type per
Reference [reference here to XML datatypes docuiféiiee above)]. Additional restrictions
on the allowable range of values permitted for anmeric data element may also be defined
in the ADM XML Schema.

NOTE — Examples of such restrictions may includiefined range (e.g., 0.0-100.0, etc.),
or a user-defined data type variation.

8.3.4 Text values shall follow the conventions of the ingir data type per
Reference [reference here to XML datatypes docuiféiiee above)]. Additional restrictions
on the allowable range or values permitted for data element may also be defined in the
ADM XML Schema.

NOTE — Examples of such restrictions may includset of enumerated values (e.g.,
‘YES'I'NQ’) or other user-defined data type variii

8.3.5 Text values in ADM/XML instantiations (i.e., the luas between the opening and
closing tags), shall consist of either all uppeecasall lowercase characters; an exception is
made for values between tiEQVVENT> and</ COMVENT> tags, which may be in any case
desired by the user. Otherwise, instantiationd sleamix uppercase and lowercase characters
in values.

8.3.6 In value fields that represent a time tag, valuesl gollow the conventions of the
ndm:epochType data type used in all CCSDS NDM/XMhesnas.

8.4 UNITS IN THE ADM/XML

The units in the ADM/XML shall be the same unitsedisin the KVN-formatted ADM
described in SectionsHrror! Reference source not foundthrough 5. XML attributes shall
be used to explicitly define the units or other aripnt information associated with the given
data element (see Annex C for examples).

8.5 COMMENTS IN ADM/XML

Comments are optional and must be displayed assdhetween theCOMWVENT> and
</ COVMENT> tags. Comments may be in any case desired bystre u

NOTE to Alain: Examples forthcoming...

- — - - ‘[Formatted: Normal, No bullets or numbering
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ANNEX A, ~_ { Formatted: English (United States)

IMPLEMENTATION CONFORMANCE
STATEMENT (ICS) PROFORMA

(NORMATIVE)

Al INTRODUCTION
Al.1 OVERVIEW

This annex provides the Implementation ConformaBteement (ICS) Requirements List
(RL) for an implementation othe Attitude Data MessagefSpecification]The ICS for an
implementation is generated by completing the Radoordance with the instructions below.
An implementation claiming conformance must satiefymandatory requirements referenced
in the RL.

Al.2 ABBREVIATIONS AND CONVENTIONS

The RL consists of information in tabular fornThe status of features is indicated using the
abbreviations and conventions described below.

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

The feature column contains a brief descriptive @&on 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;

- 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 apgptepto enter values supported for a
given capability.

Al1.3 INSTRUCTIONS FOR COMPLETING THE RL

An implementer shows the extent of compliance éoRBcommended Standard by completing
the RL; that is, the state of compliance with akndatory requirements and the options
supported are shown. The resulting completed Rtalled an ICS. The implementer shall
complete the RL by entering appropriate respomrs#sei support or values supported column,
using the notation described in AL ¥.a conditional requirement is inapplicable, NMo&Ik:I

be used. If a mandatory requirement is not satisBeception information must be supplied
by entering a reference Xvherei is a unique identifier, to an accompanying ratierfar the
noncompliance.

A2 ICS PROFORMA FOR THE ATTITUDE DATA MESSAGE[%E@&F&GAI&QN}—‘

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 Identification of Specification

204.0-B-2

o - ‘[ Formatted: Font: (Default) Arial, 10 pt

Have any exceptions been required?

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.

Yes [-]-——No[-]

A2.2 REQUIREMENTS LIST

[See CCSDS A20.1-Y-1CCSDS Implementation Conformance Statem@rgtiow Book,

Issue 1, April 2014).]
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ANNEX B
VALUES FOR SELECTED KEYWORDS

(NORMATIVE)
B1 OVERVIEW

The values in this annex represent the acceptadllees for selected keywords. Eagh
keyword’s values delineated here are presentfireedn APM or AEM messagek-or detalls
and descriptions of the keyword interpretations, ésader is directed to refererfe2]fH4}. - { Field Code Changed ]
If exchange partners wish to use different settitigsy should be documented in an ICD.  ~~ {Formaned; Font color: Auto, Check spelling and gramma}

B2 TIME_SYSTEM METADATA KEYWORD

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

UTl Universal Time

uTC Coordinated Universal Time

Note that if MET or MRT are chosen as the TIME_S¥®, then the epoch of either the start
of the mission for MET, or of the event for MRT csiid either be given in a comment in the
message, or provided in an ICD. The time systerthfostart of the mission or the event should
also be provided in the comment or the IEDthese values are used for the TIME_SYSJEM,
then the times given in the file denote a durafiom the mission start or eventHowever,
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for clarity, an ICD should be used to fully spedifi interpretation of the times if these values
are to be usedNote that the time format should only utilize thobgit days from the MET or
MRT epoch, not months and days of the months.

Note that if SCLK is chosen as a TIME_SYSTEM, tlensformation of this time to one of
the other specified time systems in B2 should kergin an ICD-_The intent of this keyword
is to allow for the use of SCLK as a TIME_SYSTENM there is currently no standard way
to transform this time system to other time systésted in B2.

B3 INERTIAL AND LOCAL ORBITAL FRAME KEYWORD VALUES

The following table enumerates the allowable keylsdorinertiat referencérames that can be
used by ADM messagedhey are valid for keywords/REF_FRAME_* in the APM and AEM
messages, where “*' denotes ‘A’ or ‘B-Q-FRAME* UEER FRAME * —and

*in

EME2000 Earth Mean Equator and Equinox of J2000

GTOD Greenwich True of Date

ICRF International Celestial Reference Frame

ITRF2000 International Terrestrial Reference Franeo

ITRF-93 International Terrestrial Reference Frarg@3L

ITRF-97 International Terrestrial Reference Frar@@7L

ITRF International Terrestrial Reference Frame

ITRFyyyy International Terrestrial Reference Framssociated 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 Fam

RSW Relative Orbi.t Frgme desc.ribing the relative motibtwo satellites
(Clohessy-Wiltshire Equations)
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B4 LOCAL SPACECRAFT BODY REFERENCE FRAMES

The following table enumerates the allowed valwesttie keywordREF_FRAME_* in tf{e

APM and AEM messages, where ** denotes ‘A’ or ‘BThese frames will vary from ob|ect
to object, but provide a mechanism of denotingedéfit reference frames than the object's
BODY axes to speC|fy an orientatien:

= t,The exact specification
of the frames (posmon of center orlentatlon)lﬂud:)e deflned—typjfeauy—wa ian ICD.

ACTUATOR x s, solr arrays, thrusters. et
CSS_xy Coarse Sun Sensor (‘X' =0, 'y’ = 0—9)

DSS_x Digital Sun Sensor (‘X' =89)

GYRO_x Gyroscope Reference Frame (‘X'-=9)

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 £%—9)
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ANNEX C
CONVENTIONS FOR ADM DATA

(INFORMATIVE)
Cl OVERVIEW

This paragraph details the conventions used irdiiisiment for the definition of Attitude data.

C2 QUATERNIONS

The quaternion called "from frame A to frame B'tisfined as the quaternion of the rotation
that transforms the basis vectors of frame A ih® ltasis 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:

Qgl =sin(2) *el

Qg2 =sin(p'2) * e2

Qg3 =sin(p2) * e3

66 QC= cos(p'2)
Where:

@is the rotation angle,

el, e2 and e3 are the coordinates of the rotakisnraeither frame A or frame B.

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

Let Xa be the coordinates of some vector in frame A Xanthe coordinates of the same vector
in frame B.

The frame transformation matrixdyl that transforms coordinates in frame A to coortlindn
frame B is defined by:

XB = Mga * Xa
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where Msa is a function of the quaternion components:

Mgy
4Qf — Q4% — Q45 + Qq? 2 (Q1 Q244+ Q343 Qcde) 2 (Q19x Q395 — Q24f Qcde)
=| 2(041 04, — Q93 Q4;) —Qfei+ Qa5 — Q595+ Q22 2 (Q28z Q395+ Q164 Qcde)
2(Q143 Q345+ Q242 Qcte) 2 (Q2 420345 — Qi Qclz)  —Qier— Q365+ Qiaf + Q242

The real componentgéQQ of the quaternionshal-shouldbe made non negative| by
convention.
C3 EULER ANGLES

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

Let's callf1, 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 vectors of frame A by tse&essive rotatipns
of angle®l and axis al, ang2 and axis a2, angl@3 and axis a3 are the respective basis
vectors of frame B.

Example:

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

Let's define the frame transformation matrix M sthudt:
Xg =MpaM * Xa

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

Then we have:

cosf; sinf; 0] [cosf, 0 —sind,] [1 0 0
MpaM = [—sin93 cosfs 0] [ 0 1 0 l . [0 cos6, sin@ll
0 0 1l Isin6, 0 cosf, 0 -—sinf; cosH,
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C4 ANGULAR VELOCITY VECTOR

The angular velocity vector from frame A to framedpresents the angular velocity vector of
ERAME-frameB with respect to frame A.

The components can be defined eithdffimme A or frame B.

C5 SPIN DATA

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

The spin data from frame A to frame B are defingedodlows:
The spin axis is the Z axis of frame B, a princigeb.

The initial attitude is defined as the result cfugcessive rotations of respective angles
spin_alpha, spin_delta, spin_angle around the ssbaeaxes Z, Y, Z starting from frame A.

Nutation_angle is the angle between the principel @pin axis) and angular momentum.

Nutation_phase describthe initial orientation of the spin axis in his tiem around the
angular momentum vector.

The followingassumptiods assumed:
The angular momentum vector has components irr&inesf B:

» alpha, delta
e Pi/2 - delta is the nutation angle
« Alpha - piis the offset angle
C6 INERTIA DATA
Inertia data consist of:
- Moments of inertia (diagonal terms)
- Inertial cross products (off diagonal terms)

IXXH —IXY¥2 -—IXZ13
I'=|-IXY¥2 =IYY22 -—IYZ23
—1XZ33 -IYZ23 —IZZ33

The cross product terms are negative.
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The inertia matrix is defined relative to a part&urame (defined by its axis and origin).
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ANNEX D

(INFORMATIVE)

The present section gives the main changes betd®@éh1.0 and ADM 2.

Changes relative to APM

LIST OF CHANGES VERSUS ADM VERSION 1

- - ‘[Formatted Table

keywords in version 1 such as Q FRAME

Number Description See section

12 The "*_DIR" keywords have been removed

23 The quaternion block is now optional.

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

45 The meaning of quaternion, Euler angles, spin dats
now clearly defined by the standard. Any changes in
meaning with respect to the standard should béledia
an ICD.

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

6% The logical block "Euler angles” now contains angle
derivatives rather than components of the anglarity
vector.

78 A new block for the angular velocity vector has rbee
added: ANGVEL.

89 The keywords for the moments of inertia have chdnge
IXY instead of 112, etc...

910 Data blocks have been added. Data types such as
quaternion, Euler angles... are explicitly encldseniveen
DATAQUAT START_—... —DBATAQUAT_STOPR
EULER START ... EULER STOP, ettelimiters.

10 A new keyword: “MESSAGE_|D” has been added.

11 Frame related keywords have changed in APM verion

*
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SPIN_FRAME_*, etc... (where * denotes “A” or “B")

have been removed. The keywords in version 2
REF FRAME *.

are

The keywords defining attitude direction (Q DIR,
EULER DIR, SPIN DIR) have been removed. The

direction is always from A to B.

Changes relative to AEM:

Number

Description

See section

1

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

Q"

A new value has been introduced for
"ATTITUDE_TYPE" keyword:
EULER_ANGLE/DERIVATIVE

The order for quaternion components (real past for
last) is now imposed by the standard.

The ATTITUDE_DIR keyword has been removed.

A new keyword: “MESSAGE _ID” has been added.

o |10 | &

The keyword “QUATERNION TYPE” has bes
removed. The order in the AEM is the same as in

n
the

APM: Q1, Q2, Q3, QC by convention. This change also

make the KVN and XML versions more consistent.

I~

Values for the “ATTITUDE TYPE” keyword have

changed:
- QUATERNION/RATE and EULER ANGLE/RATH
have been removed
- QUATERNION ANGVEL and
EULER _ANGLE/ANGVEL have been added

1

Formatted: List Paragraph, Indent: Left: 0 cm, Bulleted
Level: 1 + Aligned at: 0.63 cm + Indent at: 1@W#

)

1

Formatted: List Paragraph, Indent: Left: 0 cm, Bulleted
Level: 1 + Aligned at: 0.63 cm + Indent at: 1@W

)
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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 t?Le
application engineer to select a suitable mess@gerections and/or additions to these
requirements are expected during future updates.

A specification of requirements agreed to by attipa is essential to focus design and to ensure
the product meets the needs of the Member AgenciEsere are many ways of organilzing
requirements, but the categorization of requiresienhot as important as the agreement to a
sufficiently comprehensive set. In this annex the requirements are organized ihtdet
categories:

a) Primary Requirements:These are the most elementary and necessary rerqamle
They would exist no matter the context in which BESDS is operating, i.e.,
regardless of pre-existing conditions within theSIES or its Member Agencies.

b) Heritage Requirements; These are additional requirements that derive fpy
existing Member Agency requirements, conditionsh@eds-_Ultimately these cafry
the same weight as the Primary Requiremerithis Recommended Standard reflects
heritage requirements pertaining to some of thehrtieal participants’ home
institutions collected during the preparation of tocument; it does not speculate on
heritage requirements that could arise from othemiider Agencies.

c) Desirable CharacteristiesThese are not requirements, but they are felt tmperta]'it
or useful features of the Recommended Standard.
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E2 PRIMARY REQUIREMENTS ACCEPTED BY THE ATTITUDE DATA
MESSAGES

Table E-1:~ Primary Requirements
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Reguire Acceptedl«| -Ae{ Formatted Table

Bata—must] X X

must
facilitate
the
receiver—of
the
message-td
generate
an—attitude
state-atan
required
epoch.
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object
must—be
clearly

and
dnambigu

eus.
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on of the

- ‘[Formatted: Keep with next

QO TLEODTTODTOTOEFDLDITTOTTONODHTODTOTTDOLDOETHRTOOT OODTH !

CCSDS 504.0-B-1CCSDS504.0-P-1.x  PageE-5 May 2008August 2418



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

PRTLOTTOTKDITECTOLQLETTT D HOTOTTDOLOTH+TTOODTOWHNEOLET@ TTRFLPIECD®LT*T 0O
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DDt O ® QT

clearly
i
sl

The—time N
bounds—of
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b AV4 \V4
be readily
ported
between,
and
useable
Member

File-name ¥ = :\*\¥‘[ Formatted: Keep with next

syntax—and

" Formatted: Keep with next
length \{

must—not
violate
computer
constraints
for—those
Member
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CCSDS 504.0-B-26E6SbS-504-0-P-1.x

PageE-9

Accepted | Accepted
Number Requirement for APMY | for AEM?
1 | Data must be provided in digital form (computeefil | Y |« - { Formatted: Not Highlight
2 The file specification must not require of the ligizey agency the N |- +_ | Formatted: Centered
separate application of, or modeling of, spacechafiamics or ENN { Formatted: Left
gravitational force models, or integration or progaEon. \{ Formatted: Centered
. o R F tted: Left
3 | The interface must facilitate the receiver of thessmge to | Yy [ lEomate
generate an attitude state at any required epoch. \\i Formatted: Font: 12 pt
. . . R . N Formatted: Centered
4 Attitude state information must be provided in ference frame Y « -
T e e e e = e = —————— = — BN {Formatted. Left
that is clearly identified and unambiguous. DN
\\\\ { Formatted: Font: 12 pt
2 __ ,Iqepiiﬁga,tigr] of the object must be clearly idéiedand | Y |+ \\{ Formatted: Centered
unambiguous. N f Formatted: Left
2 | Identification of the center of attitude motion rhbs possible. | Y |+ % \{ Formatted: Font: 12 pt
‘e . . . \ .
7 NOTE — The specification of a center name is nqtired, but y |[<\ \|Formatted: Centered
i e i i 7 \ .
may be provided if desired. \ ii\{( Formatted: L eft
" - - N \\LFormatted: Font: 12 pt
8 Time measurements (time stamps, time tags, or spochst be N A
e R A B DU R e . - 1= A BN { Formatted: Centered
provided in a commonly used, clearly specified eyst \ \(
. . . - | Formatted: Left
92 | The gmpfbpyndsﬁ of the attitude ephemeris mustiaenbiguously] Y |4 ) \\{ Formatted: Font: 12 pt
specified. |\ "\ Formatted: Centered
A0 | The standard must provide for clear specificatibamts of | Y |4} |\, Formatted: Left
measure. .\ Formatted: Font: 12 pt
. . . Vo .
11 Files must be readily ported between, and useaitienvall Y <\ W \{ Formatted: Centered
I R T ellnin iy . T O 2 L ar_ a2 1 ™17 N\
Member Agency computational environments that coaldised i N Formatted: Left
to exchange Attitude Data Messages. he \‘\{ Formatted: Font: 12 pt
. . . . ‘e Ty .
12 Files must have means of being uniquely identified clearly Yolqn \\\\\\\1 Formatted: Centered
annotated. The file name alone is considered iitserfit for this \ \\\% Formatted: Left
o
purpose. \ | Formatted: Font: 12 pt
\ 1\ Formatted: Centered
! (Formatted: Left
" \( Formatted: Font: 12 pt
"\ Formatted: Centered
' (Formatted: Left
‘{ Formatted: Centered
{ Formatted: Left
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Table E-2:— Heritage Requirements

Accepted | Accepted
Number Requirement for APM? | for AEM?
1 A complete attitude ephemeris, not subject to iraon or N Y
propagation by the customer, must be provided.
2 The standard is, or includes, an ASCII format. Y Y
3 The standard does not require software supplieattosr agencies| Y Y
- — ‘[Formatted: Normal
_ Aecosted | Asecsled
Srocdromansd P A | e
is; j i N ¥
Y Y
Y Y
Table E-3:—Desirable Characteristics
Accepted | Accepted
Number Requirement for APM? | for AEM?
1 The standard applies to non-traditional objectshsas landers, Y Y
rovers, balloons, and natural bodies (asteroidsets).
2 The standard allows attitude states to be providedher than the Y Y
traditional EME2000 inertial reference frame; onaraple is the
International Astronomical Union (IAU) Mars bodyéd frame.
(In such a case, provision or ready availabilibngopplemental
information needed to transform data into a stathffame must
be arranged.)
3 The standard is extensible with no disruption tistexg users or Y Y
uses.
4 The standard is consistent with, and ideally a parttitude N N
products and processes used for other space s@armeses.
5 The standard applies to non-traditional objectshsas landers, Y Y
rovers, balloons, and natural bodies (asteroidvets).
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“ule ‘[Formatted: Normal

The standard is consistent with, and ideally a par@attitude products angd N N
processes-used-for-other-space-sciencepurposes.

A i f Wtinedad ¥ ¥

¥ ¥

E3 APPLICABILITY OF CRITERIA TO MESSAGE OPTIONS

The selection of one particular message will depemthe optimization criteria in the given

application- TableE-4E-4compares the two recommended messages in tertins mflevant - | Field Code Changed

selection criteria identified by the CCSDS:

Table E-4:— Applicability of the Criteria to Attitude 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
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E4 SERVICES RELATED TO THE DIFFERENT ATTITUDE DATA MES SAGE
FORMATS

The different attitude data messages have beemgli®hed by their self-interpretability.
Both attitude data messages provide for recognitirdpboundaries of the attitude data fields
and thus can transfer each field, as a block, taha&n location- The different services that
can be achieved without special arrangements batwsers of the CCSDS attitude data

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 déiddal 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)

In several places in this document there are nefe®to items which should be specified in
an ICD between agencies participating in an excharigttitude data. The ICD should be
jointly produced by both agencies participatingaincross-support activity involving the
transfer of attitude dataThis annex compiles those recommendations intogleslist!

Table F-1~_Items Recommended for an ICD

- ‘[ Formatted Table

or = ‘[ Formatted Table

- { Formatted: Highlight

- '[ Formatted: Highlight

| ‘[ Formatted: Highlight

exchanges, if the value is not given in annex B.

Sectio
ICD Item Trace| «
1 | ADM and AEM file naming conventions. 3.14
4.1.24.13
2 | Method of exchanging ADMs (transmission). 1.2.2
3.14
4.1.24-34-3
3 | Definition of attitude accuracy requirements aieing to data in an ADM  1.2.1
as well as attitude dynamics modeling. 3.1.2
1.1.1.158.
22
4 | Specific APM and/or AEM version numbers that Wil exchanged. 1.11.132
64
1.1.1.34:2.
L
5 | Formaton-values-usedforthe ORIGINATOR keyword. table-311
table-442
56 | Values used for the ‘OBJECT_ID’ keyword for casésewthe valueis | table|
not published in the international designatorsiisthe UN Office of 3232
Outer Space Affairs (refereng8f2py. | table|
4343
67 | Values and definition of the 'FRAME_* keywordsbe used in ADM 3.24|

S ‘[ Formatted: Highlight

s . { Formatted: Highlight

\§\ ICommented [LA21]:

! The greater the amount of material specified @, the lesser the utility/benefit of the ADM (cost
programming will be required to tailor software fmach ICD).
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Section
ICD Item Trace « ( — | Formatted Table )
78 | Convention for values of the ‘SPIN_ANGLE’ keywoifchot expressed in  3.2.4
referencgH2lp=4y. |~ {Field Code Changed )
If floating-point numbers in extended-single orended-double precision 7.6.55.65| — { Formatted: Font color: Auto, Check speling and grammay
are to be used, then discussion of implementapecific attributes is { Formatted Table )
required.
91 | Information which must appear in comments for aivgig ADM 7.8.1.35.8.
0 | exchange.
11 | Whether the format of the ADM will be KVN or XML 1.2.3
10
11| A reference orientation should be specified in@D if a body-fixed « + — -~ { Formatted Table )
12 | frame is to be used for the specification of Ealegles- For instance,
demonstrating the alignment of the body axes whighldcal orbit frame or
an inertial frame that gives a context to interpiet Euler angle data.
el
14 | Provisions that are made to ensure informationrigcu ANNEX |
12
45 | Values used for those keywords listed in annex Bwihose values are B
13| different from those given in annex B.
16 | Specification of interpretation of MET, MRT and SICLif to be B2
14 | exchanged, and how to transform it to a standaddinee system such as
UTC, TAl, etc—An ICD should specify that elapsed days are todselu
for epochs, with year starting at zero.
17 | Exact specification of reference frames used insagss, if different from B4
15 | those specified in annex B.

LML : - ard
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ANNEX G
ABBREVIATIONS AND ACRONYMS

(INFORMATIVE)

ASCII American Standard Code for Information Inteainge

ADM Attitude Data Message

AEM Attitude Ephemeris Message

APM Attitude Parameter Message

CCIR nternational- Coordinating-Co i) S
CCSDS Consultative Committee for Space Data Systems
EME2000 Earth Mean Equator and Equinox of J2000egdiate 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 Rl 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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ANNEX H

INFORMATIVE REFERENCES

(INFORMATIVE)

[H13] Organization and Processes for the Consultative @itee for Space Data Syster@C SO
A02.1-Y-4. Yellow Book. Issue 4. Washington, D.CCSDS, April 2014.

n

[H24] Navigation Data—Definitions and Conventiohs Report Concerning Space Data
System Standards, CCSDS 500.0-G-Zreen Book- Issue 3— Washington, D.C.:
CCSDS, May 2010.

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

(INFORMATIVE)

Al SECURITY CONSIDERATIONS
Al.1 ANALYSIS OF SECURITY CONSIDERATIONS

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

Al1l.2 CONSEQUENCES OF NOT APPLYING SECURITY TO THE
TECHNOLOGY

The consequences of not applying security to thetesys and networks on which this
Recommended Standard is implemented could inclotienfial loss, corruption, and theft of
data. Because these messages are usgzhaecraft-cellision-aveidanceattituaealyses and
potential maneuvers, the consequences of not agpsgcurity to the systems and networks
on which this Recommended Standard is implementett dnclude compromise or loss of
the mission if malicious tampering of a particufaskvere nature occurs.

A1.3 POTENTIAL THREATS AND ATTACK SCENARIOS

Potential threats or attack scenarios includeabeinot limited to, (a) unauthorized access to
the programs/processes that generate and inténgretessages, and (b) unauthorized access
to the messages during transmission between exelpaitners. Protection from unauthorized
access during transmission is especially importarthe mission utilizes open ground
networks, such as the Internet, to provide grouaties connectivity for the exchange of data
formatted in compliance with this Recommended Stemhdlit is strongly recommended that
potential threats or attack scenarios applicabléhéosystems and networks on which this
Recommended Standard is implemented be addresstt panagement of those systems
and networks.

Al.4 DATA PRIVACY
Privacy of data formatted in compliance with thedfications of this Recommended Standard

should be assured by the systems and networks @ch wiis Recommended Standard is
implemented.
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A1l.5 DATA INTEGRITY

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

Al1.6 AUTHENTICATION OF COMMUNICATING ENTITIES

Authentication of communicating entities involved the transport of data which complies
with the specifications of this Recommended Stashdapuld be provided by the systems and
networks on which this Recommended Standard isesmphted.

Al.7 DATA TRANSFER BETWEEN COMMUNICATING ENTITIES

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

Al.8 CONTROL OF ACCESS TO RESOURCES

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

Al.9 AUDITING OF RESOURCE USAGE

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

A1.10 UNAUTHORIZED ACCESS

Unauthorized access to the programs/processegahatate and interpret the messages should
be prohibited in order to minimize potential theeahd attack scenarios.

Al.11 DATA SECURITY IMPLEMENTATION SPECIFICS

Specific information-security interoperability pisions that may apply between agencies and
other independent users involved in an exchanggate# formatted in compliance with this
Recommended Standard could be specified in an ICD.

A2 SANA CONSIDERATIONS
The following ADM related items will be registeredth the SANA Operator. The |
registration rule for new entries in the regissyhe approval of new requests by the CCSDS
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Area or Working Group responsible for maintenarfcthe ADM at the time of the

requestNavigation-Werking-Group-chdiew requests for this registry should be sent to

SANA (mailto:info@sanareqistry.org).

e The ADM XML schema

¢ A transform from the ADM XML to the ADM KVN version

* Values for the originator keyword.

A3 PATENT CONSIDERATIONS

The recommendations of this document have no pesmes.
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