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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 netandards 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 CommitteBgace 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 andugh 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

This Attitude Data Message (ADM) Recommended Stahdgpecifiestwe-threge
standard message formats for use in transferriragespaft attitude information
between space agenciesl commercial or governmental spacecraft operdivesAttitude

Parameter Message (APMjndthe Attitude Ephemeris Message (A d the
Attitude Comprehensive Message (ACM$uch 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.).

This Recommended Standard includes sets of reqeimsmand 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

This document containsve-threeattitude data messages designed for appligations
involving data interchange in space data systeifise rationale behind the design of
each message is descrlbed in ANNEX E and may helappllcatlon englneer to select
asunable messag At le
ahd-sho Hfied

Appllcablllty information specific to each Attltudaata Message format appears in
sections 3and4, and 5as well as in annex subsection E3.

This Recommended Standard is applicable only tontbgsage format and content, but
not to its transmission.The transmission of the message between agenaimsisle
the scope of this document and should be spedifiad ICD or by following a CCSDS
standard on transmission.

Description of the message formats based on thefiise eXtensible Markup Language
(XML) is available—_Agencies should specify, via ICD, the ASCII filerfieat to lj;e
exchanged (Keyword Value Notation [KVN] or XML).
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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.

+ — ‘[Formatted: Indent: First line: 0 cm ]
()] As in some attitude dynamics references, in thudwent the term “nutatiom”™ — - - { Formatted: Indent: Left: 1.27 cm, No bullets or numberiTg,
is used to mean the motion of the spin axis of dylabout 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

Section 2 provides a brief overview of the CCSD&remended Attitude Data
Message types, the Attitude Parameter Message (Af) Attitude Ephemeris
Message (AEM).

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

Section 5 provides details about the structurecamiient of the ACM.

Section 6 provides details about constructing atMBXML instance.

Section 7 provides details about ADM KVN syntax.

Section 8 provides details about ADM XML syntax.

ANNEX A provides the Implementation Conformancet&taent (ICS) requirements
list.

ANNEX B provides a list of approved values for s¢éel keywords in the ADM
metadata sections.

ANNEX C details the conventions relative to ADM datsed in this document.
ANNEX D gives the complete list of changes betwA&M versions 1 and 2.

ANNEX E lists a set of requirements that were takea consideration in the design
of the APM —andAEM, and ACM along with tables and discussion regarding the
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applicability of thetwo-threemessage types to various attitude estimation tas{kis
functions.

ANNEX F lists a number of items that should be ¢eden ICDs prior to exchanging
ADMs on a regular basisThere are several statements throughout the doctum’ﬁn
refer to the desirability or necessity of such aulpent; this annex lists all the
suggested ICD items in a single place in the docime

ANNEX G is a list of abbreviations and acronymslagble to the ADM.
ANNEX H is a list of informative references.

ANNEX [ is relative to security, SANA, and patertmnsiderations.

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 Secret|ariat
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/osoingex

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

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

[5] XML Specification for Navigation Data MessageShe XML Specification IJpr
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 754-19857Ner
York: IEEE, 1985.
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[7]1 FA Orbit Data Message®Recommended standard, CCSDS 502.0-B-2. Blue Book,
Issue 2. Washington, D.C.: CCSDS. November 2009th(wlechnical

Corrigendum 1, May 2012kbitBata-MessagesRecommendation-for-Space
D y dards-CCSD 02.0-B-2: HeBdedue 2—Washington,
Do ool Ll ner 0000

[8] Henry S. Thompson, et al., eddML Schema Part 1: Structure®nd ed. W3C
Recommendation. N.p.: W3C, October 2004.

[9] Paul V. Biron and Ashok Malhotra, edédL Schema Part 2: Datatypeand ed.
W3C Recommendation. N.p.: W3C, October 2004.

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

Fwe-ThreeCCSDS-recommended Attitude Data Messages (ADMsyleseribed |in
this Recommended Standard: the Attitude Parametssbe (APM)zndthe Attitude
Ephemeris Message (AEM)Nd the Attitude Comprehensive Message (ACM)

The recommended attitude data messages are ASClbtenat- While binary-based
attitude data message formats are computer effi@ed 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 necessktngy 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

As currently specified, an APMe+AEM, or ACM file is to represent attitude data for
a single vehicle.

2.2 ATTITUDE PARAMETER MESSAGE (APM)

An APM specifies the attitude state of a singleecbjat a specified epoeh.This
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, AttitudpHemeris Messagend 2.4 Attitufle
Comprehensive Message

The APM requires the use of a propagation techniquketermine the attitude state at
times different from the specified epoch, leadim@ higher level of effort for software
implementation than for the AEM.When inertial frames are specified, the AFIM is
fully self-contained and no additional informatisrequired to specify the attitude; if
local orbital frames are specified, then an APM imbe accompanied by a
corresponding Orbit Parameter Message (refergtié¢&}).

The APM allows for modeling of any number of finiteneuver

of solarradiation—pressure—and-atmospheric-targNdote that an Orbit Parampter

Message (OPM) is needed for proper solar radigiieasure modelingThe attributes
of the APM also make it suitable for applicationsts as exchanges by FAX or voice,
or applications where the message is to be fretyieneérpreted by humans.
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2.3 ATTITUDE EPHEMERIS MESSAGE (AEM)

An AEM specifies the attitude state of a singleesbjat multiple epochs, contained
within a specified time rangeThe AEM is suited to inter-agency exchanges that (1
involve automated interaction (e.g., computer-toapater communication where
frequent, fast, automated time interpretation amutessing are required), and (2)
require higher fidelity or higher precision dynamiodeling than is possible with the
APM (e.g., flexible structures, more complex attg&umovement, etc.).

The AEM allows for dynamic modeling of any numbédrtorques (solar pressure,
atmospheric torques, magnetics, etcllhe AEM requires the use of an interpolation
technique to interpret the attitude state at tidiffisrent from the tabular epochs.

The AEM is fully self-contained; no additional imfoation is required when inertial
reference frames are specifiedf. local orbital reference frames are specifieénttan
AEM must be used in conjunction with an Orbit Epleeis Message (referen¢e]
.

2.4 ATTITUDE COMPREHENSIVE MESSAGE (ACM)

An ACM specifies the attitude state of a singleegbjat multiple epochs, contained
within a specified time range. The ACM aggregated axtends APM and AEM
content in a single comprehensive hybrid messagefiers the following capabilities:

- Optional rate data elements

- Optional spacecraft physical properties

- Optional covariance matrix

- Optional maneuver parameters

- Optional estimator information <« - — | Formatted: Bulleted + Level: 1 + Aligned at: 1.27 cm +
Indent at: 1.9 cm

The ACM is well-suited for inter-agency exchangéstt(l) involve automated

interaction (e.g., computer-to-computer commundicatiwhere frequent, fast,

automated time interpretation and processing ageined), and (2) require more

detailed information such as estimator type, addil estimator states (e.g., gyro bias),
sensor details, and covariance data.

The ACM is fully self-contained; no additional imfoation is required when inertial
reference frames are specified. If local orbitémence frames are specified, then an
ACM must be used in conjunction with an Orbit EpleeimMessage (referenfd 7

).

< — — 7| Formatted: Normal, Indent: Left: 0 cm, Space Before: 0|pt,
Tab stops: Notat 2.29 cm
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2:42.5 EXCHANGE OF MULTIPLE MESSAGES

For a given object, multiple APMerAEM, or ACM messages may be provided in a
message exchange session to achieve attitudetyideljuirements—_If attitud
information for multiple objects is to be exchangiten multiple APMerAEM, gr
ACM files must be used.

2-52.6 DEFINITIONS

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

methods and models are provided in referefe2}fH4}. | { Field Code Changed
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3 ATTITUDE PARAMETER MESSAGE (APM)
3.1 OVERVIEW

Attitude information may be exchanged between tvestigipants by sending the

attitude state (see referenfid2]fH4}) for a specified epoch using an Attifude - { Field Code Changed
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.

The use of the APM shall be applicable under ttieiang 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

The APM shall be a text file consisting of attitutdteta for a single objeet:
easily readable by beth-humans-and-computers.

The APM file naming schemshkal-shouldbe 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

The header shall provide a CCSDS Attitude Data Bssversion 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, ‘ahghall 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.

The header shall include the CREATION_DATE keywarith the value set to the
Coordinated Universal Time (UTC) when the file wa®ated, formatted according to
reference [4]. A description of APM header keywoadsl values is provided in table 3-1.

The 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

Table3-13-1specifies 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.

Only those keywords shown in talilel3-1 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 changes.

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

CREATI ON_DATE File creation date/time ibTC. E 2001-11- Yes
For format specification, see 7.7. 06T11:17: 33
one of the following formats: 2001-
YYYY-MM-DDThh:mm:ss[.d—d] or 101T11:17:33

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

the UTC time in hours, minutes, seconds, and ogtiol
fractional seconds. As many ‘d’ characters tortglet

of the period-as required-may be used-to-obtain the

required precision. All fields require leadingasr
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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' regyisif 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 201113719185 | NQMESSAGED] _ - ‘[ Formatted: Font: (Default) Courier New, 8 pt

identifier value are at the discretion of the aragor.

N
AN\

‘[ Formatted: Font: 8 pt
AN

\\\\\\{ Formatted: Font: (Default) Courier New
N

3.2.3 APM METADATA

Table3-23-2specifies for each metadata 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.

\\\\\\ Formatted: Font: 8 pt

\\\\{ Formatted: Font: 8 pt

\\{ Formatted: Font: 8 pt

{ Formatted: Font: 8 pt

o

Only those keywords shown in tate€3-2shall be used in APM metadat&or sonLe
keywords (OBJECT_NAME, OBJECT_ID, CENTER_NAME) teare no definitive
lists of authorized values maintained by a corarghority; the references listed in 1.5
and annex H are the best known sources for autitbrialues to date.

Table 3-2:- APM Metadata

Keyword Description N/E Values Mandatory

LCOMENT | Comments (allowed only at the beginning ofthel = E_ | Thisisacomment [ No_ || - ‘[ Formatted: Font: (Default) Courier New
APM Metadata before OBJECT_NAME). Each
comment line shall begin with this keyword.

OBJECT_NAME | Spacecraft name of the object corresponding tolthe E_ | EUTELSATWL | Yes (] { Formatted: Font: (Default) Courier New
attitude data to be givenThere is no CCSDS- MARS PATHFINDER
based restriction on the value for this keyword, tu
it is recommended to usemes-international T
desi_gna%e?ﬁ’om the UN Office of Outer Space J 7 { Commented [LA1]: Link to be added
Affars(Refl). | |} | 1 - ‘[Commented [LA2]:

OBJECT_ID _ _ | Spacecraft identifier of the object correspondimgt _ E_ _| 2000-052A _ _ _ _ __ | __ _ Yes || { Commented [LA3]:
the attitude data to be giverWhile there is no S -
CCSDS-based restriction on the value for this ‘[ Formatted: Font: (Default) Courier New
keyword, it is recommended to usgernational T
designators-ramdrom the UN Office of Outer J - { Commented [LA4]: Link to be added
Space AffairRefll2) | | | J-- ‘[Commented [LA5]:

CCSDS 504.0-B-26E6SBS-504-0-P-1.x
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CENTER NAME _ | Origin of reference frame, which may be anaturgl E [ EARTH [ | No_ __}__ - {Formaned: Font: (Default) Courier New ]
solar system body (planets, asteroids, comets, gnd EARTH BARYCENTER
natural satellites), including any planet barycente MOON

or the solar system barycenter, or another
spacecraft (in this the value for

‘CENTER_NAME' is subject to the same rules as
for ‘'OBJECT_NAME’)- There is no CCSDS-
based restriction on the value for this keyword, hu
for natural bodies it is recommended to use names
from the NASA/JPL Solar System Dynamics

Group ¢Refereneg3)fst). | | L - { 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 tab|@-33-3.— The full setofallowed | | TAI_ | _______ __. .

values is enumerated in annex B, with an excerpt o { 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
Conventiongreference Ref, [H2}H9 (| | - ’{ Formatted: Font: 8 pt
~~ : .

\

3\ { Field Code Changed
NN

\\\{ Formatted: Font: 8 pt

Formatted: Font: 8 pt, Font color: Auto, Check spelling a
grammar

324  APMDATA B

s JU U )

Table 3-33-3 provides an overview of the six logical blockstive APM Data section
(attitude quaternion, attitude Euler angbkesgular velocity datapin datagrguarveloeity
data;spacecrafinertiaparameters, maneuver parameters), and specifieadbrdata item:

a) the keyword to be used;

b) a short description of the item;

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

e) whether the item is mandatory or optional.

Only those keywords shown in tal$e33-3 shall be used in APM data.Some remarks
concerning the keywords in tat8e33-3appear immediately after the table.

Fhere The APM messaghallcontain at least-be-as+manydagical blocls-as-reeessary

77777777777777777777777 | - - { Commented [LA7]:
h N { Commented [LAS]:
: { Commented [LA9RS]:
. { Formatted: English (United States)

o

- N/E Values / units Mandat
Keyword Description ory
COWENT | One or more comment line(s). Each commentlindshal_ E | Thisisacomment = [ 1 No | -~ ‘[ Formatted: Font: (Default) Courier New ]
begin with this keyword.
EPCCH |_Epoch of the attitude elemersand optional logical | ~E _ | 2001-11- | Y Yes | - ‘[ Formatted: Font: (Default) Courier New ]
blocks. 06T11:17: 33
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- N/E Values / units Mandat
Keyword Description
ory
Block: Attitude Quaternion
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
QUAT_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
| | _ — | Commented [LA10]: Proposed simplification
REF_FRAME A | Name of the reference frame that definesthestarti | €| | Yes | | (new syntax inspired by OCM)
point of the transformation. ICRF N ‘[ Formatted: Font: (Default) Courier New
WUse of values other than those presentin ANNEXBJ ONSTRUMENT_A — — | | h S - -
section B3 or B4 must be documented in an ICD. The { Formatted: Font: 8 pt
e set mf 1.5 Z,i L E‘,am .E thes raard, rora \[Formatled: Default
toreferencfHd}. , . ; = ‘[ Formatted: Not Expanded by / Condensed by
[REF_FRAVE_B Name of the reference frame that defines the et pg E Yes -
— =~ ~ =7~~~ ~ T of thetransformation. The full set of valuesis~™ — ~ | ~~ — |~ s *C* 6 ************** T { Formatted: Font: (Default) Courier New
enumerated in annex-BUse of values other than thoge [ ¥~ B _ E)Y, 1, ,,,,,,,,,,, 1 { . X
present i ANNEX B, sectiqn B3 pr B4 mustbe _ _ [ _ _ _ | STARTRACKER_ ~ ~ [~~~ " i Formatted: Font: 8 pt
documemed in an ICD—Fora definition-of-th \\ Formatted‘ Font: 8 t
frames, the reader is directedNavigation Definitions \\\ N { . P
and-Conventiongreference [H4]). “\ \ \[ Formatted: Font: 8 pt
\“ { Formatted: Font: 8 pt
" \
\\ . .
Qo |e*sin@2) | na | na | ves | |\ \\{ Formatted: Font: 8 pt
6 = rotation angl, el = 1st cmponent of rotation ax \ ‘ Vo { Formatted: Font: 8 pt
e | @*sin®/2)_ _ _ _______________|_ na | na_ _________|__ Xe§<| d4 \ \ { Formatted: Font: 8 pt
6 = rotation angl, €2 = 2nc component of rotation a \\ N \ { = tted: Default
: ul
& e wa |ma | X9§4 == :
6 = rotation angle, e3 = 3rd component of rotatigis a B N { Formatted: Font: (Default) Courier New
C c0s/2) n/a n/a Yes<| \ \ { Formatted: Font: (Default) Courier New
A | YWovle, - - - - - - - - - -y 1% .
6 = rotation angle { Formatted: Font: (Default) Courier New
Q1_Dor Derivative of ¢, n/e 1/s No { = tted: Font: (Default) Courier N
Q2_DOor Derivative of Q n/a 1/s No ormatted: Font: (Defaulf) Courier New
@B_DOT Derivative of Cs nle 1/s No { Formatted: Font: (Default) Courier New
QC bar Derivative of @ n/a s No \ AN {Formatted: Font: (Default) Courier New
QUAT _STCOP Indicator ofenc of dat¢ block n/e n/e Yes \ \ {Formatled: Font: (Default) Courier New
\
Block: Euler angle elements % \ { Formatted: Font: (Default) Courier New
All mandatory elements of the logical block arééoprovided if the block is present. { Formatted: Font: (Default) Courier New
See ANNEX C for conventions and further detail. =
{ Formatted: Font: (Default) Courier New
- . — o -
Oneo ore-comme t_ e@ E_E‘Ch E ! Ne 19 Formatted: Bulleted + Level: 1 + Aligned at: 0.63 cm +
commenthne-shall-beginwith-this keywe Indent at: 1.27 cm
LEULER START Indicator of start of data block n/a n/a Ye _ { Formatted: Font: (Defaulty Courier New
COMENT | One or more comment line(s). Each comment lindshal E_ | Thisisacomment | No |} N
begin with this keyword. { Formatted: Font: (Default) Courier New

o 0 0 A JC U G U U 0 0 U . ) U )
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- N/E Values / units Mandat
Keyword Description ory
REF_FRAME A | Name of the reference frame that definesthestarti | _E _ | SC_BODY_1 _ [ _ ) Yes | - ’[ Formatted: Font: (Default) Courier New
point of the transformation. STARTRACKER_1
Use of values other than those presentin ANNEXBY _ | ____________L _____ f--—- { Formatted: Font: 8 pt
section B3 or B4 must be documented in an ICD-Ngme DN : -
of the reference frame that defines the startingtyud \[ Formatted: Default
thereaderis-directed-toref H4].
REF_FRAME B || Name of the reference frame that definesthestarti | _E _ | LVIH [ Yes | - { Formatted: Font: (Default) Courier New
point of the transformation. SC_BODY_1
Use of values other than those presentin ANNEXBY _ | __ __________L _____ T - { Formatted: Font: 8 pt
section B3 or B4 must be documented in an ICD-Ngme DN : -
of the reference frame-that defines the-end pdititeo { Formatted: Default
transformation. The full set of values is enumetate
annexB, - ‘[Formatted: Font: 9 pt
A . - ~ i {Formatled: Font: (Default) Courier New
EULER ROT_SEQ _ | Rotation sequence that defines the REF_FRAME Afto E _ | XYz | _ Yes. | -
REF_FRAME_B transformation.The order of the Xz { Formatted: Font: (Default) Courier New
transformation is from left to right, where thethebst
letter represents the rotation axis of the firsation.
ANGLE 1 Angle of the first rotatio nle dec Yes - ’[ Formatted: Font: (Default) Courier New
ANGLE 2 Angle of the second rotation n/a deg Yes|  _ _ 4[ Formatted: Font: (Default) Courier New
GLE_3 Angle of the third rotation n/a de Yes N
AL - . A N N 2 ~ T { Formatted: Font: (Default) Courier New
ANGLE 1_DOT Time derivative of angle of the first rotation n/aj deg/s No _ . -
ANGLE 2_DOT Time derivative of angle of the second rota nle deg/: 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 n/e n/e Yes __§ oo \[ Formatted: Font: (Default) Courier New
Block=angular velocity vector h \[ Formatted: Font: (Default) Courier New
All mandatory elements are to be provided if thexklis present.
See ANNEX C for conventions and further detail.
COMMENT One-or-mo thine(s)-Each tindshal E Fhis-is-a-comment Ne
begin with this keyword.
LANGVEL_START Indicator of start odate block nle nle Yes s - - ’[ Formatted: Font: (Default) Courier New
LOMENT | One or more comment ling(s). Each comment lind shal_E _ | Thisisacomment _ _ _| _ No_ _} _ _— ‘[ Formatted: Font: (Default) Courier New
begin with this keyword.
DATA TYPE Typeofdat N ANGVEL Yes _ = ’[ Formatted: Font: (Default) Courier New
REF_FRAME A || Name of the reference frame that definesthestarti | E | SCBODY_ 1 | _ Yes. | _ - { Formatted: Font: (Default) Courier New
point of the transformation. ICRF
Use of values other than those presentin ANNEXBY _ _ _ | _ _ _ _ _ _ __ ____| - ____ T- - - ‘[ Formatted: Font: 8 pt
section B3 or B4 must be documented in an IGB—Ngme N {
of the reference frame-that defines the startirigtyf Formatted: Default
the reader is directed to reference [H4].
REF_ FRAME B || Name of the reference frame that definesthestarti | _E _ | ICRF _ _ [ _ Yes | - ’[ Formatted: Font: (Default) Courier New

point of the transformation.
Use of values other than those

section B3 or B4 must be documented in an IEB-Ngme

-~ ‘[ Formatted:

Font: 8 pt

: ‘[ Formatted:

Default
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o ) U

) UWJ L

- N/E Values / units Mandat
Keyword Description ory
ANGVEL_FRAME | Reference frame in which the componentsofthe | N | REF_FRAME_ A _Yes J 1| -- ’[ Formatted: Font: (Default) Courier New
angular velocity vector are given. REF_FRAME_B
LANGVEL_X Component of the angular velocity vector on thexial  n/a deg/s Yes - { Formatted: Font: (Default) Courier New
ANGVEL_Y Component of the angular velocity vector on thexié n/e deg/: Yes _ 4[ Formatted: Font: (Default) Courier New
ANGVEL_Z Component of the angular velocity vector on theig a n/a deg/s Yes o N
- { Formatted: Font: (Default) Courier New
ANGVEL_STOP Indicator of end odatz block n/e n/e Yes
- ‘[ Formatted: Font: (Default) Courier New
Block: Spin
All mandatory elements are to be provided if trecklis present.
See ANNEX C for conventions and further detail.
COMMENT One-or-mor line(s)—Each lind shhal E Fhis-is-a-comment Ne
begin with this keyword.
SPI N_START Indicator of start odatz block nle nle Yes - ’[ Formatted: Font: (Default) Courier New
COWENT | Qne or more comment line(s). Each commentlindshal E_ _| Thisisacomment _ _ [ __No | - ‘[ Formatted: Font: (Default) Courier New
begin with this keyword.
REF_FRAME_A | Name of the reference frame that definesthestarti | E_ [ SC_BODY_1 [ Yes | - ’[ Formatted: Font: (Default) Courier New
point of the transformation. ICRF
Use of values other than those presentin ANNEXBy | | | - : Font: 8 pt
section B3 or B4 must be documented in an ICD. The \{ Formatted: :Sp
name@hth&m#e;ene&#am&ﬂmdeﬂne&meagam ‘[Formatted: Default
enumerated in annex B. For a definition of these
various frames, the reader is directed to refer@ifiég
Name of the reference frame that definesthestarti | E_ | ICRF_ | Yes | - ’[ Formatted: Font: (Default) Courier New ]
point of the transformation. SC_BODY_1
Use of values other than those tinANNEXB) | | ] ‘[ Formatted: Font: 8 pt ]
i i i T e M Formatted: Font: 8 pt
name of the reference frame that defines the eird po| \\ \{ - - ]
of the-transformation—The-full-setof-values is N \{Formatted. Font: 8 pt ]
enumerated-in-annex B. Formatted: Font: 8 pt J
A N { Formatted: Font: 8 pt ]
SPIN_ALPHA Right ascension of spin axis vector n/g deg Y { Formatted: Font: 8 pt ]
SPI'N_DELTA Declination of the spin axis vect n/e deg Yes \ { - ]
SPIN_ANGLE Phase of the satellite about the spin axis nja deg Yes \ \ Formatted: Font: 8 pt
SPIN_ANGLE_VEL Angular velocity of satellite around spin & nle deg/: Yes i \ R { Formatted: Font: (Default) Courier New ]
NUTATI ON Nutation angle of spin axis n/a deg Ye! \ \ N {Formatted: Font: (Default) Courier New J
NUTATI ON_PER Body nutation period of the spin a nle s Yes \ \ K { Formatted: Font: (Default) Courier New ]
NUTATI ON_PHASE Inertial nutation phase n/a deg Ye \ \ \ {F tted- Font. (Default) Courier N ]
SPIN_STCP Indicator of end of data block n/a n/a Ye ormatted: Font: (Default) Courier New
\ \ ‘ \ { Formatted: Font: (Default) Courier New ]
Block: Inertia \‘\{F d- Font. (Default) Courier N ]
All mandatory elements are to be provided if trecklis present. ormatted: Font: (Default) Courier New
See ANNEX C for conventions and further detail. N { Formatted: Font: (Default) Courier New J
- - — Formatted: Font: (Default) Courier New ]
COMMENT One-or-more-commentline(s). Each-commentlind shal E This-is-acomment No \{
e { Formatted: Font: (Default) Courier New ]
A NERTI A_START Indicator of start of data block n/a n/a Ye! - { Formatted: Font: (Default) Courier New ]
LQOMENT ] E)n,e gr,msrfi C,imrﬂeﬂtj,lmﬁ@)ﬁ,a@ commentlindshal E_ | Thisisacomment | No | = { Formatted: Font: (Default) Courier New ]
egin with this keywor
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.
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e N/E Values / units Mandat
Keyword Description
ory
A XX Moment of Inertia about the-axis nle kg*m**2 Yes _ e ‘[ Formatted:
FRAS Moment of Inertia about the Y-axis n/a kg*m**2 Yes | __ _ _ { Eormatted:
1 ZZ Moment of Inertia about the Z-axis n/a kg*m**2 Yes |
’ { Formatted:
FRAS Inertia Cross Product of the&and Y axes n/a kg*m**2 Yes __=
A1 XZ Inertia Cross Product of the&andZ axes n/a kg*m*+2 Yes __ { Formatted:
1YZ Inertia Cross Product of the &andZ axes n/a kg*m**2 Yes _ 1 - ‘[ Formatted:
A NERTI A STOP Indicator of end of data block n/a n/a Yes | - \[ Formatted:
Block: Maneuver Parameters h \[ Formatted:
All ebligatery mandatorglements are to be provided if the block is present
See ANNEX C for conventions and further detail.
COMMENT One or more comment line(s). Each comment lind shal E This is a comment No
MANEUWVER_START Indicator of start of data block n/a n/a Yes | - ‘[ Formatted:
LOWENT | One or more comment line(s). Each comment lindsial E _ | Thisisacomment = | = No |  _ _ { Formatted:
begin with thiskeyword
JMAN_EPOCH_START Epoch of start of maneuy nle nle Yes _ = ‘[ Formatted:
JMAN_DURATI ON Maneuver duration n/a s Yes s ,{ Eormatted:
MAN_REF_FRAVE | Coordinate system for the torque vector. | Wa_ na_ | Yes |
h . { Formatted:
Allowed values for this keyword are enumerated in
annex B.
MN TOR X 1 component of the torque vector n/a N*m Yes| - ‘[ Formatted:
MN TOR Y 2" component of the torque vector n/a| N*m Yes |  _ _ ,{ Eormatted:
TR Z 3 component of the torque vector n/a| N*m Yes
LN - . “ ~ i { Formatted:
JMANEUVER STOP Indicator of end of data block n/a n/a Yes |
- ‘[ Formatted:

3.2.5 REMARKS

3.2.5.1 DATA FORMAT

See ‘CREATION_DATE' in tabl8-13-1or see referendé]f4} for examples of how to format
the EPOCH and MAN_EPOCH_STARTNote that any epoch specified denotes a spacecraft

event time.

In specifying the EPOCH of the message, care mestaken 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
200x-xx-

seconds (e.g.,

200x-xx-xxT23:59:58.000

xxT23:59:60.000 .. 200x-xx-xxT00:00:00.000)

200x-x¥23:59:59.000

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

o U

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

(D D/ W U

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

Font: (Default) Courier New

o

3.2.5.2 GENERAL

It may become necessary to utilize particular drifdrmation to process Euler angle elements
or a local orbit frame (e.g., LVLH, QSW) propery.An approach to this is to add a
‘COMMENT’ block specifying a particular OPM message use in conjunction with a
particular APM.
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Specification of Euler angle rotations around aomg or two axes may be handled by entering
the appropriate sequence for the desired one oafigorotation and freely choosing the final
axis of rotation and giving a value of zero for th&ation angle.

3.2.6 APM KEYWORD SET

Only those keywords shown in tablgsl3-1, 3-23-2 and3-33-3 shall be used in an APM.
Some keywords represembligatery- mandatornjitems and some are optional. KVN
assignments representing optional items may be@amit
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3.3 APM EXAMPLES

{ Field Code Changed

{ Field Code Changed

o L

CCSDS_APM VERS =, —42.0 I .
CREATI ON_DATE— = 2003- 09-30T19: 23: 57 = { Formatted: French (France)
ORI G NATOR— — = GSFC {Formatted: French (France)
COMVENT— — — — — GEOCENTRI C, CARTESI AN, EARTH FI XED

COMMVENT— — — — — OBJECT_I D: — 1997- 009A

COMMENT $I TI M— = 1997 NOV 21 22:26: 18. 40000000, $ original launch time

OBJECT_NAME— — = TRW

OBJECT_ID— — — = 1997- 009A

CENTER_NAME— — = EARTH

TI ME_SYSTEM— — = UTC

COMENT— — — — — Current attitude for orbit 335

COMVENT— — — — — Attitude state quaternion

COMMVENT— — — — — 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_FRAMVE_B = | TRF-97

aqa—— — — — — = 0. 00005

ele—— — — — — = 0.87543

B — — — — — = 0.40949

- — — — — = 0. 25678

QUAT_STOP

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 = GES-P

OBJECT_ID— — — = 2006- 003A

CENTER_NAME— —— ~= EARTH

TI ME_SYSTEM— — = UTC

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

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

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

COWENT— — — — — Euler angles
PATA—TYPE———=-SC-BOBY—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 ~— = 144.10 [deg]

EULER_STOP

Figure 3-2:— APM File Example with Euler Angles
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CCSDS_APM VERS— = 12.0
CREATI ON_DATE— = 2004- 02- 14T19: 23: 57

ORI G NATOR— — — = JPL

CBJECT_NAME— — = MARS SPIRIT

OBJECT_ID— —— -= = 2004-003A

CENTER_NAME— — "= EARTH

TIME_SYSTEM— — = UTC

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

COWMENT OBJECT_I D: 2004- 003
COMMVENT— $I Tl M— = 2004 JAN 14 22:26:18.400000, $ original |aunch tinme 14:36

COMMENT— — — — — Generated by JPL
COMWENT— — — — — Current attitude for orbit 20 and attitude maneuver
COMWWENT— — — — — pl anni ng dat a.
EPOCH— — — — — = 2004-02- 14T14: 28: 15. 1172
COMVENT Attitude state quaternion
QUAT_START
COWENT— — — — — Attitude state quaternion (ref frame = | TRF-97)
REF_FRAME_ A— — = | TRF- 97 FNSTRUMENT-A
REF_FRAVE_B = | NSTRUVENT_A }TRF-97
= 0.03123
0. 78543
- — — — — — — =0.39158
Cc— — — — — — — =0.47832
DATAQUAT_STOP
QUAT_START
COMMENT Attitude state quaternion (ref frame = I CRF)
REF_FRAME A = ICRF
REF_FRAME B = | NSTRUMENT_A
Q = 0.02478
@ = 0.78576
[o7] = 0.39552
Qc = 0.47491
QUAT_STOP
COMVENT Spacecraft Paraneters
DATAI NERTI A_START
COWENT— — — — — Spacecraft Inertia Paraneters
DATA-TYPE = +-NERFHA
I XX— — — — — — = 6080.0— [kg*nt*2]
Iyw— — = 5245.5— [kg*mi*2]
22— — — — — — = 8067.3—_ [kg*m*2]
IXY— — — = -135.9— [kg*m*2]
IX2— — — — — — =89.3— — [kg*nt*2]
IYZ— — — — = -90.7— — [kg*nt*2]
| NERTI AQUAF_STCP
COMVENT Dat follous faor 1 pl nned maney ra

COMWENT— — — — — Data follows for 1 planned maneuver.

COMIVENT:- First attitude maneuver for: MARS SPIRI T
COWENT— — — — — I mpul sive, torque direction fixed in body frane
MAN_EPOCH_START = 2004- 02- 14T14: 29: 00. 5098

MAN DURATION— — =3 — — — — [s]

MAN_REF_FRAME— = }-NSTRUMENT-AI CRF

MAN_TOR_X =-1.25 [N

MAN_ TOR Y— — — = -0.5— — [Nn]

MAN_TOR Z =0.5— — — [Nn]

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

Attitude state information may be exchanged betwssticipants by sending an ephemeris in
the form of a series of attitude states using aiitudie Ephemeris Message (AEM)The

message recipient must have a suitable meansaspoiating across these attitude states to
obtain the attitude state at an arbitrary time aimed within the span of the attitude ephemeris.

The file naming schemehall- shouldbe agreed to on a case-by-case basis between the
participating agencies, typically using an Inteef@ontrol Document (ICD).The method of
exchanging AEMs shall be decided on a case-by4{zasis by the participating agencies and
documented in an ICD.

4.2 AEM CONTENT
4.2.1 GENERAL

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

d) attitude data.

Table4-14-1outlines 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

The header shall provide a CCSDS Attitude Data Bgssersion number that identifie
format version; this is included to anticipate fietwhanges. The version keyword shal

CCSDS_AEM_VERS and the value shall have the form.gf, where 'y’ is incremented
corrections and minor changes, and ‘X’ is increregrior major changesVersion 1.0 sh

the

be
for
all

be reserved for the initial version accepted by @@SDS as an official Recommended

Standard (‘Blue Book’}: Testing shall be conducted using AEM version numibess th
1.0 (e.g., 0.x}- Participating agencies should specify in the ICB s$ipecific AEM versi

numbers they will support.
The header shall include the CREATION DATE keywosith 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.

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

A2

an
bn

the

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

The AEM header assignments are shown in tétilé-2 which specifies for each item:
a) the keyword to be used;
b) a short description of the item;
c) whether the values are normative (N) values orguatmples (E);
d) values (either the list of all normative valueeramples);

e) whether the item is mandatory or optional.

Only those keywords shown shall be used in an AE&Uer.
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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 7-7-File-creatiotedane 06T11:17:33
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 [CSNes [ D 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
N i = A SN \[ 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 ]

A single METADATA group shall precede each attitugfghemeris data bloek. Multiple

occurrences of a METADATA group followed by an taftie ephemeris data block may be
used (e.qg., METADATA, DATA, METADATA, DATA, etc.).

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.

423 - — - {Formatled: Paragraph 4, Space Before: 0 pt J
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The AEM metadata assignments are shown in t&3lé-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 valueseramples);

e) whether the item is mandatory or optional.

Only those keywords shown shall be used in AEM de&— For some keywolds
(OBJECT_NAME, OBJECT_ID, CENTER_NAME) there aredwgdinitive lists of authorized
values maintained by a control authority; the reffiees listed in 1.5 are the best known sources
for authorized values to date.

Table 4-3- AEM Metadata

L Mandato
Keyword Description N/E Values ry

META_START The AEM message contains both metadata ar[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 coment. 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 giverThere 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 |

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

@

keyword, it is recommended to usgernational
designators-namdom 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 7.7.
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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¢7.7.

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 7.7.

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€7.7.

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_FRAMEANG
VEL_FRAME

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 LHNEAR! i near No
_METHOD ephemeris data in the block immediately HERM TE
following this metadata block. LAGRANGELagrange

| 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.

The Data section of the AEM shall be delineatethigy DATA_START’ and ‘DATA_STOP’
keywords-_These keywords are intended to facilitate parsingd, will also serve to advise the
recipient that all the attitude data records asdgedi with the immediately preceding AEM
Metadata section have been received (the ratidoalecluding this is that data volumes can
be very large, so knowing when the data beginsemuls is desirable).The AEM recipient
may process the ‘DATA_STOP’ keyword as a ‘localdesf-file marker.

4.2.5 ATTITUDE EPHEMERIS DATA LINES

For AEMs, each set of attitude ephemeris dataudinl the time tag, must be provided on a

single line—_Table 4-44-4 lists the allowable combinations of data itemsthweach item  Field Code Changed
following the same definition as given in taBl&3-3— The order in which the data items are )
given shall be fixed as in tabfe44-4 with the exception of Euler angle data for whioe | Field Code Changed

The choice of one of the formats in talé4-4 shall be specified via the ATTITUDE_TYPE ( Field Code Changed

keyword in the metadata.
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Table 4-4 Types of Attitude Ephemeris Data Lines

Keyword Value Ephemeris Data Line | <| - - { Formatted Table )
Quaternion Options (note that keywords and valpgear only in Metadata)
Epochi—Qc—QL—Q2—Q3+
AFF-TUDE-_TYPE BboF
Epoch—Qo—QL—Q2 8- | |~ { Formatted: English (United States) ]
QUATERNI-ONLANGVEL R e
ANGVEE—Z
o _______________d_ - __________________\o_______________]1 4 -- ’f Formatted: English (United States) ]
QUATERNI ON Epoch, QI, @, @, C
QUATERNI ON/ DERI VATI VE SEOEB’T Ql@ (IZ%T QBQB %T
ATTITUCE TYPE | . o o 7(3:330? [ s B g ‘[ Formatted: Font: 8 pt ]
Epoch, Ql, @, B,
QUATERN Q' ANGVEL ANGVEL_X, ANGVEL_Y, ANGVEL_Z
Euler Angle Options (note that keywords and valgsear only in Metadata)
Epoch,
EULER ANGLE ANGLE 1, ANGLE_2, ANGLE 3
Epoch,
ANGLE_1, ANGLE 2, ANGLE 3,
pmtueTeE ¢ FUERAGEDERVATIVE | ANGLE 1 DOT, ANGLE 2 DOT, | |~ {Fomatted: Font: 8 pt )
ANGLE_3_DOT - -
Epoch,
EULER_ANGLE/ ANGVEL ANGLE_1, ANGLE 2, ANGLE 3,
ANGVEL_X, ANGVEL_Y, ANGVEL_Z
Spin Axis Options (note that keywords and valugseap only in Metadata)
Epoch,
SPIN SPI N_ALPHA, SPI N_DELTA,
SPI N_ANGLE, SPI N_ANGLE_VEL
TTI TUDE_TYPE Epoch, = : Font:
ATITUE TYPE | ___________________ - SPINCALPHA~ SPTN DELTA ~~ || - ‘[ Formatted: Font: 8 pt ]

SPI N/ NUTATI ON

SPI N_ANGLE, SPI N_ANGLE_VEL,
NUTATI ON, NUTATI ON_PER,
NUTATI ON_PHASE

The units used shall be the following:

dimensionless:EPOCH, Q1, Q2, Q3, QC;
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,

ANGVEL_Y, ANGVEL_Z, SPIN_ANGLE_VEL;
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0.63 cm

— S—NUTATION_PER. - — - ‘{Formatted: Left, Indent: Left: 0.63 cm, Tab stops: Not at}

- Note: The units do not appear in the AEM data lifiée data lines only contain values.— - - { Formatted:

1.27 cm

No bullets or numbering, Tab stops: Not at }

4.2.5.1 FORMAT

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

See ‘CREATION_DATE' in tabl@-13-1or see referendé]f4} for examples of how to format
the EPOCH- Note that any epoch specified denotes spacecrefit évne.

In specifying the EPOCH of the message, care mestaken 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)

4.2.5.2 TECHNICAL

It may become necessary to utilize particular artfdgrmation to process Euler angle elements
or_a local orbit frame (e.q., LVLH, QSW) properbAn approach to this is to add a
‘COMMENT’ block specifying a particular OPM messate use in conjunction with a
particular APM.

4252 Specification of Euler angle rotations around amig or two axes may be handted— - - { Formatted: Paragraph 5, Space Before: 0 pt ]

by entering the appropriate sequence for the dksire or two axis rotation and freely
choosing the final axis of rotation and giving dueaof zero for the rotation angle.

Attltude ephemeris data Ilnm a qlven data blocknust be ordered by mcreasmg t|me and

{ Formatted: Highlight ]

- {Commented [LA19]: J

The TIME_SYSTEM value must remain fixed within aiEM segment.

The occurrence of a second (or greater) metadat# bfter some attitude ephemeris data shall
indicate that interpolation using succeeding atgtephemeris data with attitude ephemeris
data occurring prior to that metadata block shatlbbe done._This method may be used for
proper modeling of propulsive maneuvers or anyrabarce of a discontinuity such as eclipse
entry or exit.

Details about the interpolation method should be ecfigd using the
INTERPOLATION_METHOD and INTERPOLATION_DEGREE keywds within the AEM.
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All data blocks must contain a sufficient numbeatiitude ephemeris data records to allow the
recommended interpolation method to be carriecounsistently throughout the AEM.

Specification of Euler angle rotations around amig or two axes may be handled by entering
the appropriate sequence for the desired one oatigorotation and freely choosing the final
axis of rotation and giving a value of zero for th&ation value.
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4.3 AEM EXAMPLE S

CCSDS_AEM VERS = 21.0
CREATI ON_DATE = 2002- 11- 04T17: 22: 31
ORI G NATOR = NASA/ JPL

VETA_START
COWENT— This file was produced by MR Sonebody, MSOO NAV/JPL, 2002 OCT 04.
COMMVENT— It is to be used for attitude reconstruction only.— The relative accuracy of these

COMMVENT— attitudes is 0.1 degrees per axis.

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

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

REF_FRAME B— — — — — = SC_BODY_1

TI ME_SYSTEM— — — — — = UTC

START_TIME— — — — — = 1996- 11- 28T21: 29: 07. 2555

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

USEABLE_START_TI ME—
USEABLE_STOP_TI ME

STOP_TIME— — — — — — = 1996-11- 30T01: 28: 02. 5555

ATTI TUDE_TYPE— — — — = QUATERNI ON

| NTERPOLATI ON_METHOD = hernite

| NTERPOLATI ON_DEGREE = 7

MVETA_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- 30TO1: 28: 02. 5555— 0. 74563— -0.45375— 0.36875— 0.31964
DATA_STOP

MVETA_START
COWENT—_ This bl ock begins after trajectory correction maneuver TCM 3.

OBJECT_NAME— — — — — = nars gl obal surveyor
OBJECT_ID— — — — — — = 1996- 062A

CENTER_NAME— — — — — = MARS BARYCENTER
REF_FRAME_A— — — — — = EME2000

REF_FRAMVE_B . — — = SC BODY_1

TIME_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— — — — = QUATERNION

QUATERNI ON_TYPE = LAST

MVETA_STOP

DATASTART

1996- 12- 18T12: 05: 00. 5555 0. 64585 0. 018542, - 0. 23854 0. 72501

1996-12- 18T12: 10: 05. 5555— 0. 87451— , -0.43475— , 0.13458— , -0. 16767

< intervening records onitted here >
1996- 12- 28721: 28: 00. 5555— - 0. 25485— 0.58745— -0.36845— 0.67394
DATA_STOP

Figure 4-1:— AEM Example
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Figure4-24-2is an example of an AEM describing a spinning epeaft—_Note that sodne
attitude ephemeris lines were omitted.

CCSDS_AEM VERS = 12
CREATI ON_DATE— —

.0

— = 2008-071T17:09: 49

ORI G NATOR— — — — = GSFC FDF

MESSAGE_I D = 7077456

META_START

OBJECT_NAME— — — — = ST5-224

OBJECT_ID— — — — — = 2006224

CENTER NAVE— — — — = EARTH

REF_FRAME_A— — — — = J2000

REF_FRAME B— — — — = SC BODY_1

TI NE_SYSTEM = uTC

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

USEABLE_START_TI ME :
USEABLE_STCOP_TI ME

ATTI TUDE_TYPE— — -
META_STOP

DATA_START

— , 2006- 090T05: 00: |

= 2006- 090T05: 00: 00. 071
= 2006- 090TO05: 00: 00. 946
STOP_TIME— — — — — = 2006- 090T05: 00: 00. 946

— = SPIN

in KF ground sol ution,
6862511e+002 —6

SPI NKF rat es
8448486e+001— 1.

5969509e+002

0996528e+00.

i a <YYo UIUIV. UU. YU UMl—— £.00D291187VUs —0. 6340400CTUN— 1. 990IoUgeTUls -1 - YI9I09£0CTUL

——2006- 090T05: 00:
— 2006- 090T05: 00:
2006- 090T05: 00:
— 2006- 090T05: 00:
— 2006- 090T05: 00:
2006- 090T05: 00:
~ 2006- 090T05: 00:
DATA_STOP

6863990e+002 —6
6864591e+002 —6

6863697e+002_-

6861072e+002 —6
6856625e+002 —6

6850631e+002
6843571e+002

6. 8392049e+001

6. 8340398e+001
6. 8332398e+001

8432197e+001— 1.
8412960e+001— 1.
1.
8371266e+001— 1.
8353279e+001— 9.
7.
6.

4593720e+002
3218766e+002
1845280e+002
0473305e+002
1030304e+001
7341548e+001
3662262e+001

. 0996493e+00.
. 0996455e+00.
. 0996402e+00:
. 0996370e+00.

0996339e+00.
0996317e+00.
0996304e+00.

Figure 4-2:— AEM Spinner Example
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5. ATTITUDE COMPREHENSIVE MESSAGE (ACM)

5.1 GENERAL

5.1.1 Comprehensive attitude information may be excharimgtdeen two participants by
sending attitude data/content for one or more epaghing an Attitude Comprehensive
Message (ACM). The ACM aggregates and extends ARIMAEM content in a single hybrid
message. The ACM simultaneously emphasizes fl@xibénd message conciseness by
offering extensive optional standardized contenteviminimizing mandatory content.

5.1.2 The ACM shall be a plain text file consisting dfitatde data for a single space obiject,
or in the case of a parent/child satellite deplaynseenario, a single parent object. It shall be
easily readable by both humans and computers.

5.1.3 The ACM file-naming scheme should be agreed to case-by-case basis between the
exchange partners, and should be documented i€@n The method of exchanging ACMs
should be decided on a case-by-case basis by tharsye partners and documented in an ICD.

5.1.4 Attitude information may be exchanged between twmore participants by sending
an attitude ephemeris in the form of one or manetseries of attitude states using an Atittude
Comprehensive Message (ACM). If attitude statesdasired at arbitrary time(s) contained
within the span of the attitude ephemeris, the amgsssecipient is encouraged to use a suitable
interpolation or propagation method. For timesilé of supplied attitude state time spans or
if the step size between attitude states is togeldo support interpolation or propagation,
optional dynamic parameters should be included thithmessage and the recipient must have
a suitably-compatible attitude dynamics propagator.

NOTE — Detailed syntax rules for the ACM are sgediin section Section 7.

5.2 ACM CONTENT/STRUCTURE

5.2.1 GENERAL

The ACM shall be represented as a combinationefdhowing as shown in Table 5-1. The
ordering of these sections is mandatory. The avfleccurrence of the ACM sections shall be
fixed as shown in table 5-1.

1) one mandatory header;

2) a single mandatory metadata section (data aboal); dat

3) optional data section(s), comprised of one or ndata constituent types:

a. _one or more optional attitude state time histories

b. one optional space object physical characterisgcsion

C. _one or more optional covariance time histories
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one or more optional maneuver data section(s)

one optional attitude determination data section

f. one optional, user-defined data and supplementainwnts (explanat

D

information).

Table 5-1: ACM File Layout and Ordering Specificaton

Section Content

Mandatory Header of message

Header

Mandatory Metadata

Metadata (Informational comments recommended but not reduire
Attitude State Optional: One or more attitude state time his®(each consistinj
Time History of one or more attitude states)

Section(s)

Optional Space

Optional space object physical characteristics.

Object Physical
Description

Optional
Covariance Data

Optional: One or more covariance time historieglieznsisting o
one or more covariance matrices)

Section(s)

Optional
Maneuver

Section(s)

Optional maneuver specifications

Optional Attitude

Optional attitude determination data section

Determination
Section

Optional User

Optional: One or more user-defined parameters

Defined Data

CCSDS 504.0-B-16CSBS-504-0-P-1.x
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5.2.2 ACM HEADER

5.2.2.1 Table 5-2 specifies the keywords for each headat.it

5.2.2.2 Only those keywords shown in table 5-2 shall belusen ACM header.

5.2.2.3 The order of occurrence of these ACM header keysvsill be fixed as shown in
table 5-2.

Table 5-2: ACM Header

. - ‘[Formatted: Font: 9 pt

- {Formatted: Font: 9 pt

Keyword Description Examples of Values |Mandatory

CCSDS_ACM_VERS Format version in the form of ‘x.y’, where 'y’ is 1.0 Yes
incremented for corrections and minor changes, and
‘X' is incremented for major changes.

COMMENT Comments (allowed in the ACM Header only COMMENT Thisis a No
immediately after the ACM version number). comment

CREATION_DATE File creation date/time in UTC, (For format ~ [2001-11-06T11:17:33 |  Yes
specification, see 7.7.)  |2002-204T1556:232 |

ORIGINATOR Creating agency. Value should come from the CNES, ESOC, GSFC, Yes
‘Abbreviation’ column in the ‘Organizations’ regigt [GSOC, JPL, JAXA, Other
of the SANA registry Agency
(https://sanareqistry.org/r/organizations).

MESSAGE_ID ID that uniguely identifies a message from a given|201113719185 No
originator. The format and content of the messaggABC-12_34
identifier value are at the discretion of the arator.

5.2.3 ACM METADATA

5.2.3.1 Table 5-3 specifies the metadata keywords. Ordgdtkeywords shown in table 5-
3 shall be used in ACM metadata.

5.2.3.2 The “ACM Metadata” section is mandatory; “mandatarythe context of Table 5-
3 denotes those keywords which must be includéhisnsection.

5.2.3.3 The order of occurrence of these ACM metadata kegsvehall be fixed as shown
in table 5-3.

5.2.3.4 The TIME_SYSTEM value must remain fixed within aCi.

5.2.3.5 The ACM shall only contain a single metadata sectiothe entire scope of the
message.

NOTE — For some keywords (OBJECT NAME, OBJECT_Ire are no definitive lists
of authorized values maintained by a control autyxathe references listed in 1.5

are the best known sources for authorized valudat®
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NOTE 2 — Metadata fields which are relied upon tie subsequent optional ACM message

subtypes (e.q. attitude state time histories, megredata, etc.) are designated as such

in the

right-hand column of Table 5-3.

Table 5-3: ACM Metadata

Keyword

Description

Examples of Values

Mandatory

ACM

segtions

relying,

up¢n this
fielE ?

COMMENT

Comments (allowed only at the beginning of the A

Metadata). Each comment line shall begin with th
keyword.

CM This is a comment.
IS

&

ORIGINATOR _POC

Free text field containing Programmatic or Techhid

a Ms. Rodgers

Point-of-Contact (PoC) for ACM

5

5

ORIGINATOR _PHONE

Free text field containing PoC phone number

+49615130312

ORIGINATOR _POSITION

Free text field containing contact position of BeC

GNC Engineer

ACS Design Lead

&5

&5

ORIGINATOR_ADDRESS

Free text field containing Technical PoC informatig

for ACM creator (suggest email, website, or phylsig

JANE.DOE@
a SOMEWHERE.NET

address, etc.)

OBJECT_NAME

5

5

Spacecraft name of the object corresponding to the
attitude data to be given. There is no CCSDS-basedRl DI UM

b

SPOT, ENVI SAT,
| NTELSAT

restriction on the value for this keyword, butsit i
recommended to use names from the UN Office o

Quter Space Affairs (Ref. [2]).

<
D
7]

5

OBJECT_ID

Spacecraft identifier of the object correspondmthie
attitude data to be given. Wile there is no CCSDS
based restriction on the value for this keyword it

recommended to use names from the UN Office o

Outer Space Affairs (Ref. [2]).

2000- 052A

CENTER_NAME

Origin of reference frame, which may be a natural
solar system body (planets, asteroids, comets, an
natural satellites), including any planet baryceote
the solar system barycenter, or another spacdaraf
this the value for ‘CENTER_NAME' is subject to th
same rules as ‘OBJECT_NAME’). There is no
CCSDS-based restriction on the value for this

keyword, but for natural bodies it is recommended
use names from the Orbit Centers SANA Registry

link TBS).

EARTH
EARTH BARYCENTER
MOON

[v]

—

TIME_SYSTEM

Time system used for metadata, attitude data,
covariance data. The full set of allowed values is

enumerated ih TBD SANA Registtlink TBS).

<
D
7]

EPOCH_TZERO

Epoch from which all ACM relative times are

referenced., (For format specification, see 71

time scale for EPOCH_TZERO s the one specifie

"TIME_SYSTEM" keyword in the metadata sectior].

ACM_DATA _ELEMENTS

— -| Commented [LA20]: To be updated
Yes |

_ ‘[Formatted: Font: 9 pt

h ‘( Formatted: Font: 9 pt

Comma-delimited list of elements of informationalgATT

blocks included in this message.

PHYSCHAR.MNVR,
COV, AD, USER

No

START_TIME

Relative time of the earliest of all time tags

corresponding to maneuver, attitude state, covegial
Relative time is measured in seconds from

100.0

EPOCH_TZERO.
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Keyword Description Examples of Values | Mandatory |Any ACM
sections
relying
upon this
field 2

STOP_TIME Relative time of the end of TOTAL time span covefed 1500.0 No No

by ALL maneuver, attitude state, covariance coe@jn
in this message. Relative time is measured inrgkcp
from EPOCH_TZERO.

TAIMUTC_TZERO Difference (TAl — UTC) in seconds (i.e. total #pea 37[s No No

seconds elapsed since 1958) as modeled by the
message originator at epoch “‘EPOCH_TZERO".

524 ACM DATA: ATTITUDE STATE TIME HISTORY

5.2.4.1 Table 5-4 provides an overview of the ACM attititigte time history section. Only
those keywords shown in table 5-4 shall be used@M attitude state time history data

specification.

5.2.4.2 Keyword values shall be provided in the units sftiin the Units column of table
5-8.

5.2.4.3 The order of occurrence of these ACM Attitude Stetae History keywords shall
be fixed as shown in table 5-4.

5.2.4.4 The “ACM Data: Attitude State Time History” sectigoptional; “mandatory” in
the context of table 5-4 denotes those keywordshvirust be included in this section if this
section is included.

5.2.4.5 Each attitude state time history data block musirbeith keyword ATT _START
and end with keyword ATT_STOP.

5.2.4.6 Each of these keywords shall appear on a linedejfit

5.2.4.7 Multiple Attitude State Time History blocks shafigear in an ACM if:

5.2.4.7.1 They are delimited by separate ATT_START and ATTOFTkeywords;

5.2.4.7.2 Each data block is clearly differentiated from titleers by one or more preceding
comment(s) or by ICD agreement.

5.2.4.7.3 Each data block is unique from all others in asteme of the following respects:

1) The selected attitude state set (ATT_STATES) igjumi

2) The Attitude State Time History is based upon ajueiattitude determination
solution

3) The transformations frames are unique (REF_FRAMERBE FRAME_B)

4) The data interval timespan is unique (i.e., hasomerlap with any other data

interval(s)).
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5.2.4.8 Each attitude state time history shall be time-gedeéo be monotonically increasling,

with the exception that the message creator maicatel a change in state over V\J_hich

interpolation or propagation should not be perfairbg providing exactly two consecu

tive

lines containing a duplicate timestamp (e.q. folloyvapplication of a maneuver or spacd

craft

or orbit event). In the case of such a duplicetestamp, interpolation or propagation

prior

to the duplicate timestamp shall use the firsheftivo duplicate timestamp attitude state

5, and

interpolation or propagation after the duplicaiedstamp shall use the second of the tw

5.2.4.9 Ifthe userincludes attitude states at key missimnt times, it is recommended

D.

that

those mission event states be annotated as suhldéscriptive comment line(s) immedig

ately

following the ATT_START keyword.

5.2.4.10 Time tags of consecutive attitude states withimifiered sequence may be sep3

arated

by uniform or non-uniform step size(s).

5.2.4.11 Attitude state time tags may or may not match tteseaneuver or covariance {

ime

histories.

5.2.4.12 All attitude state values in the ACM data shaltibge-tagged by a relative time v

alue

measured with respect to the epoch time specifiethe EPOCH TZERO keyword.

5.2.4.13 At least one space character must be used to $eplaesitems in each attitude

data

line.
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Table 5-4: ACM Data: Attitude State Time History

Keyword Description Units _|Examples of Valueg Mandatory

ATT_START Start of an attitude state time history section n/a n/a Yes

COMMENT Comments allowed only immediately after the n/a COMMENT This is| No
ATT_START keyword acomment

ATT_ID Optional alphanumeric free-text string containing t nfa  [ATT_20160402_XY| No
identification number for this attitude state tifristory. Z

ATT BASIS Basis of this attitude state time history dates ibia text n/a PREDICTED No
field with the following suggested values:

1. "PREDICTED"

2. “DETERMINED_GND"” when estimated by post-
processing attitude sensor data on the ground

3. “DETERMINED_OBC” when estimated onboard
using onboard sensor data

4. “Simulated” for future mission design or otkesting
purposes

REF_FRAME_A IName of the reference frame that defines thestarti |~ n/a | J2000 | Yes |- {Formatted: Font: 9 pt
point of the transformation.

Use of values other than those present in ANNEX H,
section B3 or B4 must be documented in an ICD.

REF_FRAME_B Name of the reference frame that defines the starti |~ n/a | SC BODY | Yes |_ {Formatted: Font: 9 pt
point of the transformation.

Use of values other than those present in ANNEX H,
section B3 or B4 must be documented in an ICD.

NUMBER_STATES Number of data states included. States to bededare n/a 3467 Yes
attitude states and rate states.

ATT_TYPE Type of attitude data, selected per ANNEX B, sextio | n/a,rad [ QUATERNION Yes
B5SANNEX B. Attitude states must always be listed | EULER ANGLES| |- ‘[Commented [LA21]:
before RATE_STATES. Attitude data must always be DCM
listed before rate data.

RATE_TYPE Type of rate data, selected per ANNEX B, sedtih § rad/s | ANGVEL | No |- ‘[Commented [LA22]:
If rate data is included, NUMBER_STATES must bg at GYRO BIAS N -
least 6 to include both attitude and rate data. 0 _DOT \[ Formatted: Italian (Italy)

NONE
... < Insert attitude lines here>| Yes
ATT _STOP End of an attitude state time history section n/a n/a Yes

5.2.5 ACM DATA: SPACE OBJECT PHYSICAL CHARACTERISTICS

5.2.5.1 Table 5-5 provides an overview of the ACM spacescbphysical characteristics

section. Only those keywords shown in table 5dildie used in ACM space object physical

characteristics data.

5.2.5.2 Keyword values shall be provided in the Units catuoh Table 5-5.

5.2.5.3 The order of occurrence of these ACM Space ObjBtigsical Characteristics

keywords shall be fixed as shown in table 5-5.

5.25.4 The “ACM Data: Space Object Physical CharactesStisection is optional,

“mandatory” in the context of table 5-5 denotessthkeywords which must be included in this

section if this section is included.
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5.2.5.5 Only one space object physical characteristiciageshall appear in an ACM.

5.2.5.6 The space object physical characteristics datéoseict the ACM shall be indicated

by two keywords: PHYS START and PHYS STOP.

5.2.5.7 Further definition of Space Object Physical Charastics parameters is providsg

din

ANNEX X.

Table 5-5: ACM Data: Space Object Physical Charaetristics

Keyword Description Units [Examples of Valueg Mandatgry- |- - ‘[Formatted Table
PHYS START Start of a Space Object Physical Characteristiesifigation [n/a Yes
COMMENT Comments allowed only immediately after the n/a COMMENT This is No

PHYS START keyword. a comment
MASS Total S/C Mass at the reference epoch “EPOCH TZER&Y 500.0 No
IXX Moment of Inertia about the X-axis of the spacetsaf kg*m**2 {1000.0 No

primary body frame (e.g. SC_Body 1)
Yy Moment of Inertia about the Y-axis kg*m**2 (800.0 No
1zz Moment of Inertia about the Z-axis kg*m**2 1400.0 No
XY Inertia Cross Product of the X & Y axes kg*m**2 [20.0 No
Xz Inertia Cross Product of the X & Z axes kg*m**2 (40.0 No
Yz Inertia Cross Product of the Y & Z axes kg*m**2 (60.0 No
CcP Vector location of spacecraft center of pressure fo m 0.02, 0.01, 0.2] No

determining solar pressure torque, measured frem th

spacecraft center of mass in the spacecraft's pyilmady

frame (e.g. SC_Body_1).
DRAG_COEF Drag coefficient nla 2 No
FUEL_MASS Fuel mass kg 750.0 No
PHYS STOP End of a Space Object Physical Characteristicsifspe@on|n/a Yes

5.2.6 ACM DATA: ATTITUDE STATE COVARIANCE TIME HISTORY

5.2.6.1 Table 5-6 provides an overview of the ACM attituglate covariance time his

ory

section. Only those keywords shown in table 5&l&® used in ACM covariance time his

tory

data specification.

5.2.6.2 Keyword values shall be provided in the units sfpetiin the Units column of ta

b

e

5-10.

5.2.6.3 The order of occurrence of these ACM Attitude St@mvariance Time Hist

bry

keywords shall be fixed as shown in table 5-6.

5.2.6.4 The “ACM Data: Attitude State Covariance Time Higtosection is option

“mandatory” in the context of table 5-6 denotessthkeywords which must be included i

this

section if this section is included.

5.2.6.5 Attitude State Covariance Time History data shallitdicated by two keywor

ds:

COV_START and COV_STOP.
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5.2.6.6 Multiple covariance data blocks may appear in afvAgly if they are delimited by
separate COV_START and COV_STOP keywords.

5.2.6.7 All covariance matrices in the ACM data shall meditagged by a relative time value
measured with respect to the epoch time specifiethe EPOCH_TZERO keyword.

5.2.6.8 Each covariance time history shall be time-ordeceldle monotonically increasing,
with the exception that the message creator maicatel a change in state over which
interpolation or propagation should not be perfatrbg providing exactly two consecutive
covariance data blocks containing a duplicate tiemap (e.g. following application of an
impulsive maneuver or spacecraft or orbit eveirt)the case of such a duplicate timestamp,
interpolation or propagation prior to the duplicéiteestamp shall use the first of the two
duplicate timestamp covariance matrices, and intetipn or propagation after the duplicate
timestamp shall use the second of the two.

5.2.6.9 If the user includes covariances at key missiometimes, it is recommended that
those mission event covariances be annotated hdbgucpreceding descriptive comment line.

5.2.6.10 Time tags of consecutive covariance informatiothimithe ordered sequence may
be separated by uniform or non-uniform step size(s)

5.2.6.11 Covariance time tags may or may not match thoseanfeuver, attitude state, and/or
sensor data time histories.

5.2.6.12 Values in the covariance matrix shall be only ndiagonal elements provided on a
single line. Off-diagonal elements could be defimea USER defined block.
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U )

history data.
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Table 5-6: ACM Data: Covariance Time History - - ‘{Formatted: Space After: 6 pt, Keep with next, Keep line
together
Keyword . Dgscnplnon . Units Examples of Values | Manfdat 4 {Formatted. Keep lines together
COV_START Start of a covariance time history section n/a n/a Yes "~
COMMENT Comments allowed only immediately after the n/a | COMMENT Thisis a Ne. ~_ { Formatted Table
COV_START keyword comment AN {Formatted: Keep lines together
ATT_ID Optional alphanumeric free-text string containing t n/a | ATT 20160402 XYZ Ne_ {Formatted: Keep lines together
identification number for this attitude covariaricee ~ -
history block { Formatted: Keep lines together
ATT_BASIS Basis of this covariance time history data, this iext Ne- — — {Formatted: Keep lines together
field with the following suggested values:
1. “PREDICTED”
2. “DETERMINED_GND” when estimated by post-
processing attitude sensor data on the ground
3. “DETERMINED_OBC" when estimated onboard
using onboard sensor data
4. “Simulated” for future mission design or otkesting
purposes
REF_FRAME Reference frame of the covariance time history. n/a SC_BODY No — — ‘[Formatted: Keep lines together ]
NUMBER_COV_STATES [Number of covariance states included. n/a 3.6 Ne- — {Formatted' Keep lines together ]
COV_ATT STATES Type of attitude error included in the covariarioget rad ANGLES Ne- :
history. DELTA QUAT ‘[Formatted: Keep lines together ]
COV_RATE_STATES Type of rate error included in the covariance time | rad/s ANGVEL Ne- — — {Formatted: Keep lines together ]
history. If rate error covariance data is included GYRO_BIAS_ERROR|
NUMBER_COV_STATES must be at least 6 to incllide
both attitude error and rate error covariance data.
—h.é'rfalnsert covariance data Yes- - {Formatted: Keep lines together ]
COV_STOP End of a covariance time history section nla n/a Yes— - {Formatted: Keep with next, Keep lines together ]
5.2.7 ACM DATA: MANEUVER SPECIFICATION
5.2.7.1 Table 5-7 provides an overview of the ACM manewgcification section. Ohly
those keywords shown in table 5-7 shall be us¢édeérACM maneuver specification.
5.2.7.2 Keyword values shall be provided in the units sfetiin the Units column of Table
5-7.
5.2.7.3 The order of occurrence of these ACM Maneuver Sigation keywords shall [be
fixed as shown in table 5-7.
5.2.7.4 The “ACM Data: Maneuver Specification” section istional; “mandatory” in the
context of Table 5-7 denotes those keywords whicistrbe included in this section if this
section is included.
5.2.7.5 One or more ACM Maneuver Specification sections ayayear in an ACM.
5.2.7.6 Maneuver data in the ACM shall be indicated by kegwords: MAN_START ahd
MAN_STOP.
5.2.7.7 The 'MAN_TYPE’ keyword must appear before the fiise of any maneuver time
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5.2.7.8 Attitude maneuver data in the ACM data shall bestiagged by a relative time value

measured with respect to the epoch time specifiethe EPOCH_TZERO keyword.

Table 5-7: ACM Data: Maneuver Specification

Keyword

Description

Units

Examples of Valueg

MAN_START

Start of a maneuver data interval specification

COMMENT

n/a

Mandatory

Yes

Comments allowed only immediately after the

MAN_START keyword.

COMMENT This is|
acomment

No

MAN_ID

Optional alphanumeric free-text string containing t

identification number for this maneuver

MAN_PURPOSE

DH2018172

No

The user can specify the intention(s) of the maeeu
Multiple maneuver purposes can be provided as a

comma-delimited list. While there is no CCSDS-loia;
restriction on the value for this keyword, it igjgested|
to use:

Attitude adjust (ATT_ADJUST)

Momentum desaturation (MOM_DESAT)
Pointing Request Message (PRM_ID_Xxxx)

Science objective (SCI_OBJ)
Spin rate adjust (SPIN_RATE_ADJUST)

5e

ATT_ADJUST

No

MAN_ BEGIN

Start time of actual maneuver, measured as avelati
time with respect to EPOCH_TZERO

[
D
e}

=
(=]
o

5

MAN_ END

End time of actual maneuver, measured as a relatiy

time with respect to EPOCH_TZERO

1]
(0]
o

-
N
o
o

&

MAN_DURATION

Length of maneuver, should only specify MAN_ENL
or MAN_DURATION, not both

n

0.

o

&

ACTUATOR_USED

Specifies the type of actuator used for the maneuve

TARGET_MOMENTUM

THR, RWA

If MAN_PURPOSE=MOM_DESAT,

TARGET _MOMENTUM in SC_BODY

0,-10,0

&5

TARGET ATTITUDE

If MAN_PURPOSE=ATT_ADJUST, target quaterni

0,00,1

TARGET_SPINRATE

If MAN_PURPOSE=SPIN_RATE_ADJUST, target

spin rate

0.31

E|E

MAN_STOP

End maneuver data interval specification

=
i)

<
D
7]

5.2.8 ACM DATA: ATTITUDE DETERMINATION DATA

5.2.8.1Table 5-8 provides an overview of the ACM attitui#ermination section. Only

those keywords shown in table 5-8 shall be use&tdM attitude determination data

specification.

5.2.8.2Keyword values shall be provided in the units #mtin the Units column of table 5-
8.

5.2.8.3The order of occurrence of these ACM Estimatordiipton keywords shall be fixed
as shown in table 5-8.
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5.2.8.4The Attitude Determination Data section is optiorfimandatory” in the context|of
table 5-8 denotes those keywords which must beidiecl in this section if this section is
included.
5.2.8.5At most, only on Attitude Determination Data sentshall appear in an ACM.
5.2.8.6 Attitude determination data in the ACM shall belicated by two keyworfs:
AD_START and AD_STOP.
5.2.8.7This attitude determination parameters sectiomish@flect the attitude determingtion
settings used to generate all attitude and covegiamatrix sections of the message.
Table 5-8: ACM Data: Attitude Determination Data
Keyword Description Units Examples of Values |Mpmdatery| Formatted Table
AD_START Start of an attitude determination data section n/a n/a Yes
COMMENT Comments allowed only immediately after the n/a COMMENT Thisis a No
EST START keyword comment
AD_ID Optional identification number for this attitude n/a AD_20190101 No
determination.
AD_METHOD Type of estimator used. For further descriptiom se (n/a EKF, TRIAD, QUEST, No
Annex C7. BATCH,Q METHOD,
FILTER SMOOTHER
ATTITUDE SOURCE Source of attitude estimate, whether from a ground |n/a GND,OBC No
based estimator or onboard estimator
NUMBER_STATES Number of states if EKF, BATCH, or FILTER n/a 3,6, 7 No
SMOOTHER is specified.
NUMBER_COV_STATES Number of covariance states if EKF, BATCH, or n/q 3,6 No
FILTER SMOOTHER is specified
NUMBER_STATES Number of states if EKF, BATCH, or FILTER n/a 3,6, 7 No
SMOOTHER is specified.
NUMBER_COV_STATES Number of covariance states if EKF, BATCH, or n/q 3,6 No
FILTER SMOOTHER is specified
REF FRAME A Name of the reference frame that defines the starti |n/a J2000 Yes
point of the transformation described by the afétu
state in the estimator.
REF_FRAME_B Name of the reference frame that defines the endingn/a SC_BODY Yes
point of the transformation described by the afétu
state in the estimator.
RATE_STATES Type of rate state included in the estimator, if rad/s ANGVEL No
RATE_STATES are included NUMBER_STATES GYRO BIAS
must be at least 6 to include both ATTITUDE_STAT|
and RATE_STATES
COV RATE STATES Type of rate error state included in the estimafor, |rad/s ANGVEL ERROR | | No _ { Formatted: Spanish (Spain)
COV_RATE_STATES are included GYRO BIAS ERROR
NUMBER_COV_STATES must be at least 6 to incljide
both COV_ATT_STATES and COV_RATE_STATEPB
SIGMA U Rate random walk if RATE_STATES=GYRO_BIAS|rad/s**1.5|6.5e-9 No
SIGMA_V Angle random walk if RATE_STATES=GYRO_BIASrad/s**0.5|2.3e-7 No
CCSDS 504.0-B-166SbS-504-0-P-1.x Page4-37 May 2008Aug4=|5t—2€1—18



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

Keyword Description Units Examples of Values | Mardatery-{ - ‘[Formatted Table
NUMBER_SENSORS USED [Number of sensors used to provide estimator n/a 2,3 No
measurements
SENSORS_USED i Types of sensors used in estimation, i = 1 to nla AST, DSS, GYRO No
NUMBER_SENSORS_USED
NUMBER_SENSOR_NOISE_(Number of noise elements for sensor i. For examplg/a 23 No
OVARIANCE i noise along horizontal and vertical directions @D
or noise along x, y, and z axes of a sensor.
SENSOR_NOISE_STDDEV i |Standard deviation of sensor noise, size will fge th |rad 0.00017, 0.00017 No
same as
NUMBER_SENSOR_NOISE_COVARIANCE |
SENSOR_FREQUENCY i Frequency of sensor i data Hz 5 No
RATE _PROCESS NOISE_ST[Process noise standard deviation if rad/s**1.5|9.0E-08 No
DEV RATE_STATES=ANG_VEL
AD_STOP End of an attitude determination data section n/a Yes
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5.2.9 ACM DATA: USER-DEFINED PARAMETERS

5.2.9.1A section of User Defined Parameters may be pealifinecessary. In principle,

this

provides flexibility, but also introduces complgxihon-standardization, potential ambi

uity,

and potential processing errors. Accordingly,séd, the keywords and their meanings|{must

be described in an ICD. User Defined Parametkiscluded in an ACM, should be usgd as

sparingly as possible; their use is not encouraged.

5.2.9.2The “ACM Data: User-Defined Parameters” sectiompsional; “mandatory” in the

context of table 5-9 denotes those keywords whicistnbe included in this section if

this

section is included.

5.2.9.3At most, only one User-Defined Parameters sedtiail appear in an ACM.

5.2.9.4Each user-defined parameter line may be precegedd or more comment lines|

5.2.9.5Table 5-9 provides an overview of the ACM useritkdd data section. Only those

keywords shown in table 5-9 shall be used in ACMrwdefined data specification.

Table 5-9: ACM Data: User-Defined Parameters

Keyword

Description

Units

Examples of Valueg Mgndatory

USER_START

Start of a user-defined parameters data block

COMMENT

n/a

Comments (allowed at any point(s) throughout the
ACM User-Defined Data section). (See Hr8or!
Reference source not foundfor formatting rules.)

nla

COMMENT This is

a comment

<
|o |g

USER_DEFINED_x

User defined parameter, where ‘X’ is replaced by a
variable length user specified character stringy A

number of user defined parameters may be inclutleg,

necessary to provide essential information thahctn
be conveyed in standard ACM keywords or in

COMMENT statements

nla

USER_DEFINED_S§

FINE_GUIDANCE

ENSOR =

SENSOR

USER_STOP

End of a user-defined parameters data block

Yes
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53 ACM EXAMPLES

Figures 5-1 through figure 5-5 are examples oftédieé Comprehensive Messages. The first

has only a time history of attitude states and titaies a minimal content ACM. The second

includes space object characteristics, the thicthdes a maneuver with associated attitude

history, the fourth contains an example sensorrgesm block followed by sensor data, and

the fifth includes a time series of covariance agts.

< additional data records omtted here >
ATT_STCP

ccsps_AM VERS = 2.0
CREATI ON_DATE = 1998- 11-06T09: 23: 57

ORI G NATCR = JAXA

OBJECT_NAME = GODZILLA 5

CBJECT_ID = 2000- 052A

TI VE_SYSTEM = urc

EPOCH_TZERO = 1098- 12- 18T14: 28: 15. 1172

ATT_START

REF_FRAME A = J2000

REF_FRAME B = SC BODY

ATT_TYPE = QUATERNI ON

0.0 0.73566 -0.50547 0. 41309 0.180707
0.25  0.73529 0. 50531 0.41375 0.181158
0.50 _ 0.73492 -0.50515 0. 41441 0.181610

Figure 5-1: Simple/Succinct ACM File example

- ‘[Formatted: French (France)
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LCSDS AGMVERS =20 __ __ _________________________________| — - ‘[Formatted: French (France)
CREATI ON_DATE = 2017-12-01T00: 00: 00

ORI G NATOR = NASA

OBJECT_NAME = SDO

OBJECT I D = 2010- 005A

TI ME_SYSTEM =

EPOCH_TZERO = 2017-12- 26T19: 40: 00. 000
MAN_START

COMVENT Monent um managenent maneuver
MAN_PURPOSE = MOM _DESAT

MAN_BEG N = 100.0

IVAN_DURATI ON = 450.0

ACTUATOR_USED = THR

1.30 -16.400 -11.350

VAN _STOP

AD_START

COMVENT SDO Onboard Filter
AD_NETHCD = EKF

ATTI TUDE_SOURCE = OBC

NUMBER SENSCRS_USED = 4

SENSORS_USED_1 = AST1

SENSORS USED 2 = AST2

SENSORS_USED_3 = DSS

SENSORS USED 4 = IMJ

AD_STCOP

ATT_START

COMVENT OBC Attitude and Bias during nomentum nenagenent neneuver

REF_FRAME_A = J2000

REF_FRAME_B = SC_BODY

NUMBER_OF_STATES = 7

ATT_TYPE = QUATERNI ON

RATE_TYPE =GWROBIAS ] B ‘[Formatted: Italian (Italy)
0. 000000 0.1153 -0.1424 0.8704 0.4571 2.271e-06 -4.405e-06 -3.785e-06 |

2.000000 0.1153 -0.1424 0.8704 0.4571 2.271e-06 -4.405e-06 -3.785e-06 | _ ‘[Formatted: Italian (ltaly)

< intervening data records onitted here >

99.80183 0.1017 -0.1332 0.8806 0.4433 2.587e-06 8.769e-06 5.436e-06
< intervening data records onitted here >

599. 80275 0.1152 -0.1423 0.8704 0.4571 2. 48e-06 -4.350e-06 -3.779e-06
ATT_STOP

Figure 5-2: ACM example with Momentum Management Maeuver, Estimator
Description, and Attitude State History During Manuever
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LCCSDS ACMVERS = 2.0

CREATI ON_DATE

1998- 11- 06T09: 23: 57

ORI G NATOR = JAXA

ORI G NATOR_PCC = Ms. Rodgers, (719)555-5555, enmil @nail. XXX
TI ME_SYSTEM = TAl

EPOCH_TZERO = 1998-12-18T14: 28: 15. 1172
OBJECT_NAME = GODZI LLA 5

OBJECT_ID = 1998-999777

TAI MUTC_TZERO = 36 [s]

PHYS START

COVMVENT Spacecraft Physical Parameters
MASS = 1916 kg]

I XX = 752 kg*n¥*2

LYy = 1305 kg*nt*2

1z2Z = 1490 kg*n¥*2

I XY =81.1 kg*n¥*2

| XZ =-25.7 kg*n¥*2

1YZ =74.1 kg*n¥*2

M = 0.04 -0.78 -0.023 [nj
PHYS_STOP

r ‘[Formatted: French (France)

Figure 5-3: Example Spacecraft Physical Characterigs
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CCSDS_ACM VERS

=10

CREATI ON_DATE

2017-12-30T00: 00: 00
NASA

ORI G NATOR

OBJECT_NAME = LRO

OBJECT I D = 2009-031A

EPOCH _TZERO = 2017-12-30T00: 00: 00. 0
TI ME_SYSTEM = UrC

COMMENT  LRO Onboard Filter, A Miltiplicative Extended Kal man Filter
AD_START

AD_METHCD = EKF

ATTI TUDE_SOURCE = OBC

NUMBER_STATES =7

NUVBER_COV_STATES = 6

ATTI TUDE_STATES = QUATERNI ON
COV_ATT_STATES = ANGLES

REF_FRAMVE_A = ENME2000
REF_FRAME_B = SC_BODY
RATE_STATES = GYRO BI AS

COV_RATE_STATES

GYRO_BI AS_ERROR

NUMBER_SENSORS USED = 3

SENSORS USED 1 = ASTL
SENSORS_USED 2 = AST2
SENSORS_USED 3 = MU
AD_END

COV_START

COMMENT  Di agonal Covariance for LRO Onboard Kal man Filter

0.0 6. 74E-11 8.10E-11 9.22E-11 1.11E-15 1.11E-15 1.12E-15
1.096694 6.74E-11 8.10E-11 9.22E-11 1.11E-15 1.11E-15 1.12E-15
< intervening data records onitted here >

D9.896697 6. 74E-11 8.10E-11 9.22E-11 1.11E-15 1.11E-15 1.12E-15
COv_STOP

— ‘[Formatted: Italian (ltaly)
T

Figure 5-4: ACM example with Covariance Elements
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6 CONSTRUCTING AN ADM/XML INSTANCE <~ W

6.1 OVERVIEW

This section provides more detailed instructiomgtie user on how to create an XML message
based on one of the ASCII-text KVN-formatted messadescribed in Sections 3 through 5 of
this document.

This section applies only to the XML representatidnhe ADM messages. The ADM/XML
schemas are available on the SANA Web site. SANAagegistrar for the protocol reqistries
created under CCSDS. The ADM XML schemas explid#fine the permitted data elements
and values acceptable for the XML versions of tHeMAmessages. The location of the
ADM/XML schemas is:

APM: https://sanaregistry.org/r/ndmxml/ndmxml-1 0r&2.0.xsd

AEM: https://sanaregistry.org/r/ndmxml/ndmxmi-1.68ra2.0.xsd

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

Where possible these schemas use simple typescamplex types used by the constituent
schemas that make up Navigation Data MessagefRé&feeence [5]).

6.2 ADM/XML BASIC STRUCTURE

Each ADM shall consist of gheader > and a<body>.

The<body> shall consist of one or morsegnent > constructs (one for the APM, one or
more for the AEM, one for the ACM).

Each<segnent > shall consist of onenet adat a>/ <dat a> pair, as shown ifigure 6-1

NOTE: An AEM may have more than one segment, inclvliiase the metadata/data pair is
repeated in each segment.

<header >
</ header >
<body>
<segment >
<net adat a>
</ net adat a>
<dat a>
</ dat a>
</ segnent >
</ body>

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

An ADM XML tag shall be all uppercase if it corresmls directly to a KVN keyword fr

DM

the Header, Metadata, or Data sections.

The 'CCSDS A*M_VERS' keyword and value shall appesaiXML attributes of the r

bot

element rather than as XML elements. This is aregtken where there is not a dtrict

correspondence between keywords in the KVN and tagthe XML implementations,

specifically, the ‘CCSDS A*M_VERS' keywords fromeliHeaders for the APM, AEM,

and

ACM respectively.

ADM XML tags related to the XML message structure.( that do not correspond directly to

a KVN keyword) shall be in ‘lowerCamelCase’ (e.gcheader >, <segnment 3

]

<net adat a>, <attitudeSt at eType>, etc.).

6.4 CONSTRUCTING AN ADM/XML INSTANCE

OVERVIEW

This subsection provides more detailed instructifmnshe user on how to create an

ML

message based on the ASCII-text KVN-formatted nuessaescribed in Sections 1 thr

bugh

SError! Reference source not found.

XML VERSION

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 eachidnsation, exactly as shown.

BEGINNING THE INSTANTIATION: root element TAG

Each instantiation shall have a 'root element ttzat identifies the message type and

other

information such as where to find the applicableesea, required attributes, etc.

The root element tag in an ADM/XML instantiationefibe one of those listed iFable 6-1
Table 6-1: ADM/XML Root Element Tags

Root Element Tag Message Type

<apne</ apne Attitude Parameter Message
<aenp</ aene Attitude Ephemeris Message
<acnp</ acnp Attitude Comprehensive Message
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The XML Schema Instance namespace attribute mystaagn 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"

If it is desired to validate an instantiation aghithe CCSDS Web-based schema, the
xsi:noNamespaceSchemalocation attribute must bedcad a single string of non-blank
characters, with no line breaks, exactly as shown:

xsi : noNanespaceSchenmaLocat i on="http://sanaregi stry. org/r/ndnxm / ndmxm -
1. 0-naster. xsd"

NOTE — The length of the value associated with teenoNamespaceSchemal ocation
attribute can cause the string to wrap to a new, lmowever, the string itself
contains no breaks.

There are two attributes that are required in tw element tag of an ADM/XML single
message instantiation, specifically, the CCSDS ¥EBRS keyword that is also part of the
standard KVN header, and the Blue Book version rermb

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

The ‘id’ attribute shall be ‘id="CCSDS xxx_VERSWhere xxx = AEM, APM, or ACM.

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

NOTE -  The following example root element tag forAPM instantiation combines all
the directions in the preceding several subsections

<?xnm_version="1.0" encodi ng="UTF-8"?> ~_ { Formatted: French (France)
<apm xm ns: xsi ="http://wwv w3. org/ 2001/ XM_.Schema- i nst ance!’ - { Field Code Changed

xsi : noNanespaceSchemalLocat i on= ~.~ +{ Formatted: French (France)
"http://sanaregistry.org/r/ndnxm /ndnmxnm - 1. 0- mast er. xsd" \{Formatted: French (France)

o JL

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

THE ADM/XML HEADER SECTION

The ADMs (APM, AEM, ACM) shall share a standard deaformat, with tagsheader >
and</ header > (see [5]).

Immediately following the <header tag the message may have any number of
<COWENT></ COMVENT> tag pairs.

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

c) <MESSACE_| D>

NOTE — The rules for these keywords are specifiedables 3-1, 4-2, 5-?. An exar

nple

<header > section is shown immediately below:

<header >
<COWENT>This is the common ADM XM. Header . </ COMVENT>
<COMMENT>l can put as nmany coments here as |

want , </ COVVENT>
<COWMENT>i ncl udi ng none. </ COWENT>
<CREATI ON DATE>2010- 03-12T22: 31: 12. 000</ CREATI ON_DATE>
<ORI G NATOR>AGENCYX</ ORI G NATOR>
<MESSACE_| D>AGENCYX- 1234</ MESSAGE_| D>
</ header >

THE ADM/XML BODY SECTION

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

Inside the<body></ body> tag pair must appear at least eis&gnent ></ segnent > tal

pair, depending on the particular ADM (APM, AEM, AQ.

Each<segmert must be made up of oraret adat a></ net adat a> tag pair and d

<dat a></ dat a> tag pair.

THE ADM/XML METADATA SECTION

All ADMs must have at least one Metadata section.

The Metadata Section shall be set off by<¢het adat a></ net adat a> tag combinatig

Immediately following the<net adat a> tag, the message may have any numl

<COWMENT></ COMVENT > tag pairs.

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

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

anywhere in the Metadata Section because thegaoedd by the XML schema validatoy.

Between the <metadata> and </metadata> tags, yheokés shall be the same as those

n the

Metadata sections in Sections 3 through 5 of tbsudhent, with exceptions as noted i

h the

subsections that discuss creating instantiatioriseo§pecific messages.

THE ADM/XML DATA SECTION

All ADMs must have at least one data section.
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The Data Section shall follow the Metadata Sectamd shall be set off by the
<dat a></ dat a> tag combination.

Immediately following the <dat a> tag, the message may have any number of
<COWMMENT></ COMVENT> tag pairs.

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

Between the<dat a> and</ date> tags, the keywords shall be the same as tho$eiddta
sections in Sections 3 through 5 of this documsiih exceptions as noted in the subsections
that discuss creating instantiations of the speaifessages.

6.5 LOCAL OPERATIONS

For use in a local operations environment, the NKMIL schema set (which includes the
ADM schemas) may be downloaded from the SANA wébtsia local server that meets local
requirements for operations robustness. See Refeféh

If a local version is used, the value associateith Wie xsi:noNamespaceSchemal ocation
attribute must be changed to a URL that is acckstilthe local server.

6.6 CREATING AN APM INSTANTIATION

An APM instantiation shall be delimited by thkeapn></ apn® root element tags using the
standard attributes documented in 0.

INOTE — Figures <<TBD>> provide example APM instatitins.

The final attributes of theapn® tag shall be ‘id’ and ‘version’; the order in whithese
attributes are specified is not significant.

The ‘id’ attribute shall bei‘d=" CCSDS_APM VERS".

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

The standard ADM/XML header shall follow tk@apn® tag (see 0).

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

The keywords in thenet adat a> and<dat a> sections shall be those specified in Section
3.2.

Tags for keywords shall be all uppercase, as iti@esd.2.

Several of the APM/XML keywords may have a unitibtite, if desired by the APM producer,
as illustrated in the following table:
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Table 6-2 APM XML Units

Keyword Units | Example

QL_DOr 1/s <QLl_DOT units="1/s">nuneri c-val ue</ Q1_DOTr>

Q_DOor 1/s <@ _DOT units="1/s">nuneri c-val ue</ 2_DOT>

Q3_DOr 1/s <@ _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 uni ts="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 degl/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 degl/s <ANGLE_3_DOT uni t s="deg/s" >nuneri c- val ue</ ANGLE_3_DOT>
ANGVEL_X degl/s <ANGVEL_X uni t s="deg/s" >nuner.i c- val ue</ ANGVEL_X>
ANGVEL _Y degls <ANGVEL_Y uni t s="deg/s" >nuneri c- val ue</ ANGVEL_Y>
ANGVEL_Z degl/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 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 |degls <SPI N_ANGLE_VEL uni t s="deg/ s">nuneri c-

val ue</ SPI N_ ANGLE_VEL>

NUTATI ON deg <NUTATI ON uni t s="deg" >nuneri c- val ue</ NUTATI ON>
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>
| XX kag*m**2 | <I XX uni t s="kg*nt*2" >nuneri c- val ue</ | XX>
1YY g*m**2 | <l YY units="kg*nt*2">nuneri c-val ue</1YY>
1ZZ g*m**2 | <l ZZ units="kg*n**2">nuneri c-val ue</|2Z>
| XY g*m**2 | <I XY units="kg*nt*2" >nuneri c-val ue</ | XY>
| XZ kg*m**2 | <I XZ units="kg*nt*2" >nuneric-val ue</ | X2>
| YZ kg*m**2 | <I YZ uni t s="kg*nt*2" >nuneri c- val ue</ | YZ>
MAN 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 uni t s="Nn'>nuneri c-val ue</ MAN TOR X>
MAN TOR Y N*m <MAN TOR Y uni t s="Nni'>nuneri c-val ue</ MAN TOR Y>
MAN _TOR_Z N*m <MAN_TOR Z uni t s="N*n¥ >nuneri c-val ue</ MAN_ TOR Z>

SPECIAL TAGS IN the APM/xml BODY

NOTE - In addition to the APM keywords specifiedSaction 3, there are several sgecial
tags associated with the APM body as describedeméext few subsections. [The
information content in the APM is separated intastaucts referred to as ‘logjcal
blocks’. Special tags in the APM are used to endgaps the information in the
logical blocks of the APM.

The APM/XML tags used to delimit the logical bloossthe 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>

<qguat er ni on>
<quat er ni onDeri vati ve>

The<quat er ni onSt at e> consists of the
<guat 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 components

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>

Between the begin tag and end tag (e.q., betweeunl er Angl eEl enent s> and
</ eul er Angl eEl enent s>), the user shall place the keywords required leyspecific
logical block as specified in Section 3.

DISCUSSION

This non-normative subsection discusses and prewgamples of the use of quaternion tags
in the APM.

The XML representations of quaternions in the ADdhstituent messages share a common
quaternion definition. However, there are some edéffices in those definitions in the
underlying KVN definitions of the APM and AEM. THellowing examples are meant to
illustrate the standard for representing quatesniarthe APM.

Here is an example APM quaternion construct:

<qguat er ni onSt at e>
<EPOCH>2004- 100T00: 00: 00Z</ EPOCH>
<REF_FRAME_A>| CRF</ REF_FRAME_A>
<REF_FRAME_B>| CRF</ REF_FRAME_B>
<quat er ni on>
<Q1>0. 00005</ Q1>
<Q@>0. 87543</ Q>
<@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 withdftional derivative:
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<quat er ni onSt at e>
<EPOCH>2004- 100T00: 00: 00Z</ EPOCH>
<REF_FRAME_A>| CRF</ REF_FRAME_A>
<REF_FRAME_B>I CRF</ REF_FRAME_B>
<guat er ni on>
<Q1>0. 00005</ Q1>
<@2>0. 87543</ Q2>
<@B>0. 40949</ B>
<QC>0. 25678</ Q>
</ quat er ni on>
<quat er ni onDeri vative>
<Ql DOr>0. 002</ QL _DOT>
<@ DOr>0.003</ @@ DOT>
<@3_DOr>0. 004</ @3_DOT>
<QC_DOr>0. 001</ QC_DOT>
</ quat er ni onDeri vati ve>
</ quat er ni onSt at e>

6.7 CREATING AN AEM INSTANTIATION

An AEM instantiation shall be delimited with tk@en></ aen® root element tags usin

the

standard attributes documented in O.

The final attributes of theaen® tag shall be ‘id’ and ‘version’; the order in whithe

- {Commented [LA24]: To be updated

e

attributes are specified is not significant.

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

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

The standard ADM/XML header shall follow tkaen® tag (see 0).

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

B3.4).

The keywords in thenet adat a> and<dat a> sections shall be those specified in S¢

bction

4.2ERROR! REFERENCE SOURCE NOT FOUND..

Tags for keywords shall be all uppercase as ini&gdt2.

Although units are not specified in the KVN repmasgion of the AEM, several of

- {Commented [LA25]: Number to be checked

the

AEM/XML keywords may have a unit attribute, if desi by the AEM producer, as illustr.

ated

in the following table:
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Table 6-4 AEM XML Units

Keyword Units | Example
QL_DOT 1/s <Ql _DOT units="1/s">nuneric-val ue</ QL_DOT>
Q_DOT 1/s <@@_DOT uni ts="1/s">nuneri c-val ue</ (2_DOT>
3_DOoT 1/s <@_DOT uni ts="1/s">nuneri c-val ue</ (8_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 t s="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 degls <ANGLE_1_DOT uni ts="deg/s" >numneri c-val ue</ ANGLE_1_DOT>
ANGLE_2_DOT degls <ANGLE_2_DOT uni t s="deg/s" >nuneri c-val ue</ ANGLE_2_DOT>
ANGLE_3_DOT degl/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>
ANGVEL Y degl/s <ANGVEL_Y uni t s="deg/ s">nuneri c- val ue</ ANGVEL_Y>
ANGVEL Z degl/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>
SPI N_ANGLE_VEL |deg/s <SPI N_ANGLE_VEL units="deg/s">nuneric-

val ue</ SPI N_ANGLE_VEL>
NUTATI ON deg <NUTATI ON uni t s="deg" >nuner i c- val ue</ NUTATI ON>
NUTATI ON_PER s <NUTATI ON_PER uni t s="s">nuneri c- val ue</ NUTATI ON_PER>
NUTATI ON_PHASE | deg <NUTATI ON_PHASE uni t s="deg" >nuneri c-

val ue</ NUTATI ON_PHASE>

SPECIAL TAGS IN the AEM BODY

NOTE - In_addition to the AEM keywords specified $ection 4.2, there are several

special tags associated with the AEM body as desdrin the next few subsections.

The<attitudeState tag shall be used to encapsulate the keywordsiasso with the structure

of one of the attitude ephemeris data line types.

The ADM/XML tags used within theat t i t udeSt at e> structure shall be drawn from the

following table:

Table 6-5 Special Tags in the AEM/XML Body
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AEM ‘ATTITUDE TYPE’ Associated ADM/XML Tagq in the
Metadata Value <attitudeState>
QUATERNION <quat er ni onSt at e>
QUATERNION/DERIVATIVE <guat er ni onDeri vati ve>
QUATERNION/ANGVEL <guat 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>

Between the beqgin tag and end tag (e.qg., betwegmat erni onState> an

</ guat er ni onSt at e>), the user shall place the values required bgfieeific ephems

ris

data line type as specified in Section 4.2.5, Tdbde

In the XML representation of the AEM, the comporentf the<attitudeSt at e

ephemeris data line must be represented with kelsMae., a tag).

The<atti t udeSt at e> keywords shall be the same as those defined éssdame const

uct

in the APM.

NOTE - In the KVN representations of the ephemeésat lines, keywords are not |

sed.

Rather, the components of the ephemeris data fipeaa in an order defined
the specific ephemeris data line type. In the XMhresentation, the tags desc

ibed

are fundamental to the format.

DISCUSSION

This non-normative subsection discusses and prewgamples of the use of quaternior

tags

in the AEM.

The XML representations of guaternions in the ADbhstituent messages share a co

nmon

quaternion definition. However, there are some edéices 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 foiirtldévzidual components of the quaternion

(Q1,

02, Q3, QC) in either of the standard orders (G&alar component first or last). The follo

ing

examples are meant to illustrate the standardefmmesenting quaternions in the AEM.

Here is an example AEM quaternion for a ‘QUATERNIGHghemeris data line:

<attitudeStat e>
<quat er ni onSt at e>
<EPOCH>2004- 100T00: 00: 00</ EPOCH>
<quat er ni on>
<Q1>0. 00005</ Q1>
<@>0.87543</ >
<(@B>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 quaternion for a ‘QUATERNIDERIVATIVE' ephemeris data
line:

<attitudeState>
<guat er ni onDeri vati ve>
<EPOCH>2004- 100T00: 00: 00</ EPOCH>
<guat er ni on>
<Q1>0. 00005</ QL>
<@>0. 87543</ Q2>
<@>0. 40949</ B>
<QC>0. 25678</ QC>
</ quat er ni on>
<guat er ni onDeri vative>
<Ql_DOT>0. 002</ QL_DOT>
<@_DOr>0. 003</ 2_DOT>
<@ _DOT>0. 004</ (B_DOTr>
<QC_DOT>0. 001</ QC_DOT>
</ quat er ni onDeri vative>
</ quat er ni onDeri vative>
</attitudeState>

6.8 CREATING AN ACM INSTANTIATION

SECTION FORTHCOMING AS THE ACM IS DEFINED... NOTHIBITO ADD AT THIS
TIME.

CCSDS 504.0-B-2cCSbS-504-0-P-1.x Page 4-54 May 2008August-2018



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

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 keyd/descriptions given in 4.2.1 througt2i6
4.2.5

7.4 ACM

The ACM shall be a plain text file, using the keyd®given in 5.2.1 through 5.2.7.

5475 LINES

Each APM -ardAEM, or ACM line must not exceed 254SCIl characters and sp$ces
(excluding line termination character[s]).

Only printable ASCII characters and blanks shallbed-_Control characters (such as HAB,
etc.) shall not be used, except as indicated b&othe termination of lines.

Blank lines may be used at any position withinfitee

Comment lines shall be optional.See7.9.25:82for details regarding the placement of
comment lines in an APM. See7.9.35:8-3for details regarding the placement of comment
lines in an AEM. See 7.9.4 for details regarding the placemenbofment lines in an ACM.

APM, -andAEM, and ACMlIlines shall be terminated by a single CarriagaifRedr a single
Line Feed, or a Carriage Return/Line Feed pairldna Feed/Carriage Return pair.

5.57.6 KEYWORDS

All header, metadata, and APM data lines, with pkoas as noted if©5-5-§ shall uLe
‘keyword = value’ notation, abbreviated as KVN.
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Only a single ‘keyword = value’ assignment shalhirede on a line.

Keywords must be uppercase and must not contank$la

Any white space immediately preceding or followthg keyword shall not be significant.
Any white space immediately preceding or followthg ‘equals’ sign shall not be significant.
Any white space immediately preceding the endraf Bhall not be significant.

The order of occurrence ebligatory mandatorgnd optional KVN assignments shall be fixed

as shown in table%-13-1, 3-23-2 and3-33-3for the APM,andas shown in table$-24-2and
4-3 34%f0r the AEM _and as shown in tables 5-2 throuqh 5- 9 for th(MACExeepnenﬁeléhls

The keywords COMMENT, META_START, META_STOP, DATAT8RT 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

5.67.7 VALUES

Angle measurements shall be given in deqrees \xaltles between -360 and 360 degrees. The
K.agencies wish

to exchange using radlans this must be specrhlam |ICD because |t is nomlnally outside the
standard.

Blanks shall not appear within numeric values ame values.

of a sequence of decimal digits with an optlonadlaq sign (+ or ). If the sign is omitted, ‘\\
‘+’ shall be assumed. Leading zeroes may be udeelrdnge of values that may be expressed
as an integer is: L

—-2,147,483,648 x < +2,147,483,647 (i.e., 32<= x <= ZL-1) \

NOTE — The commas in the range of values abovéharesands separators and are used-only, \
for readability. They should not appear in an datuessage. e

AT
VA

Non-integer numeric values may be expressed irftked-point or floating-point notation.
Both representations may be used within an APMVhoABM.
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Non-integer numeric values expressed in fixed-pootation shall consist of a sequence of
decimal digits separated by a period as a decioiat pdicator, with an optional leading sign
(‘+' or *-"). —If the sign is omitted, ‘+' shall be assumed.eading and trailing zeros ma* be
used- At least 1 digit is required before and after aiihet point-_The number of digits shall
be 16 or fewer.

Non-integer numeric values expressed in floatinHpootation shall consist of a sign, a
mantissa, an alphabetic character indicating thisidh between the mantissa and exponent,
and an exponent, constructed according to thevialig rules:

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

— The mantissa must be a string of no more than téndé digits with a decimal point
‘. in the second position of the ASCII string, septing 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 fpeiht 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 1grsficant decimal digits.

These specifications for integer, fixed-point, diwéting-point values conform to the XML
specifications for the data types four-byte integed:int’, ‘xsddecimal’ and xsddoubl¢’
respectively— The specifications for floating-point values comfoto the IEEE double
precision type (referendé]fé}).— Floating-point numbers in IEEE extended-single EBE
extended-double precision may be represented, dueglire an ICD between participating
agencies because of their implementation-specifitbates (referencgs][6}).— Note thht
NaN, +Inf, -Inf, and -0 are not supported values.

Text value fields must be constructed using onllyigpercase or all lowercase.

A non-empty value field must be specified for e&elyword provided, except as noted in
05-5-8

In value fields that are text, an underscore shalequivalent to a single blank. Individual
blanks between non-blank characters shall be edgshall be significant) but multiple blanks
shall be equivalent to a single blank.

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

YYYY-MM-DD:Thh:mm:ss[.d-d][Z]
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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 reference
[4]F41, ASCII Time Code A and B.

5.77.8 UNITS
5.7.17.8.1 __ 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+427.8.2 AEM RESTRICTIONS

Units shall not be displayed; the applicable umits determined by the value set for the
ATTITUDE_TYPE keyword.See 0.

5.87.9 COMMENTS
581791 GENERAL

All comment lines shall begin with thedweNT’ keyword followed by at least one space.
This keyword must appear on every comment linejusitthe first such line.The remainder
of the line shall be the comment valu@/hite space shall be retained (shall be significamt
comment values.

Comments may be used to provide provenance infwmatr to help describe dynamical
events or other pertinent information associateti tie data: This additional information is
intended to aid in consistency checks and elatmrathere needed, but shall not be required
for successful processing of a file.

ADM data does not fit well into the single comméné paradigm, it is recommended that the
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APM or AEM producer convey key elements of thabimiation in comments and use an|ICD
to provide further details.

5:8:27.9.2 APM SPECIFIC

Comments are optional and may appear only at tgmbiag of the APM Header and APM
Metadata sections, as shown in tallels3-1and3-23-2- In the APM Data section, comments
shall appear only at the beginning of a logicatklo Comments must not appear betwegn the
components of any logical block in the APM Datateec— The logical blocks in the APM
Data section are indicated in taBl&3-3

re—accura deterni-nedbyv—the GSFC Flight
A ¥ t ¥ G

COMWENT— Dvynam-¢c Facit if]l forthi attitude solution—wa

COVMNENT—[0-02670— 000945000832} DEG

5:8:37.9.3 AEM SPECIFIC

5.8.3-17.9.3.1General

Comments are optional and may appear only after siecification 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 keyworb.
Comments must not appear between attitude ephedsedines, nor after the DATA_STOP
keyword.

7.9.4 ACM SPECIFIC
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Comments are optional and may appear at the begirfithe ACM Header, ACM
Metadata section, and after the start of eacluiteel ACM Data block as shown in tables

5-4 through 5-9.
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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

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

8.2 ADM LINES IN XML

Each ADM file shall consist of a set of ADM lineEach ADM line shall be one of

the

following:

— XML version line;

— an XML-formatted line; or

— ablankline.

Each ADM line must not exceed 254 ASCII characéerd spaces (excluding line termin

ation

character[s]). [Question: Different limit for ACNI?

Only printable ASCII characters and blanks shalubed. Control characters (such as

TAB,

etc.) shall not be used, with the exception oflie termination characters specified below.

[Note: Frank has recommended as statement/requiteegarding XML "escaped"” charagters

such as &amp; &lt; &gt; &quot; &apos;, but it is nyget clear what the statement/requiregment

should be.]

Blank lines may be used at any position withinfilee Blank lines shall have no assignable

meaning, and may be ignored.

All lines shall be terminated by a single Carrid&ggurn or a single Line Feed, or a Can

riage

Return/Line Feed pair or a Line Feed/Carriage Repair.

8.3 VALUES IN THE ADM/XML

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

Integer values shall follow the conventions of ihteger data type per Reference [refe

rence

here to XML datatypes document [9] (see above)difiohal restrictions on the allowd

ble

range of values permitted for any integer data el@mmay also be defined in the ADM X

ML

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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Non-integer numeric values may be expressed ireitked-point or floating-point notation.
Numeric values shall follow the conventions of tleible data type per Reference [reference
here to XML datatypes document [9] (see above)ldifdohal restrictions on the allowable
range of values permitted for any numeric data elgrmay 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.

Text values shall follow the conventions of thengtrdata type per Reference [reference here
to XML datatypes document [9] (see above)]. Additibrestrictions on the allowable range
or values permitted for any data element may aésddfined in the ADM XML Schema.

NOTE — Examples of such restrictions may includsea of enumerated values (e.g.,
‘YES'/'NO’) or other user-defined data type varii

Text values in ADM/XML instantiations (i.e., theluas between the opening and closing

tags), shall consist of either all uppercase oioalercase characters; an exception is made for
values between theCOMMENT> and</ COMVENT> tags, which may be in any case desired

by the user. Otherwise, instantiations shall not oppercase and lowercase characters in
values.

In_value fields that represent a time tag, valuballsfollow the conventions of the
ndm:epochType data type used in all CCSDS NDM/XMhegnas.

8.4 UNITS IN THE ADM/XML

The units in the ADM/XML shall be the same unitsedisin the KVN-formatted ADM
described in Sections 1 throuBiror! Reference source not found. XML attributes shall be
used to explicitly define the units or other impmitinformation associated with the given data
element (see Annex C for examples).

8.5 COMMENTS IN ADM/XML

Comments are optional and must be displayed assydbetween theCOWENT> and
</ COMMENT> tags. Comments may be in any case desired bystre u

INOTE to Alain: Examples forthcoming..| ~_— { commented [LA28]: Examples forthcoming

- - — - {Formatted: Normal, No bullets or numbering
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ANNEX A

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 e&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)

Bl 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, iéader is directed to refererje2][H4}. - { Formatted: Font color: Auto, Check spelling and grammal
If exchange partners wish to use different settittysy should be documented in an ICD. - [ Field Code Changed

B2 TIME_SYSTEM METADATA KEYWORD

GMST Greenwich Mean Sidereal Time - - {Formatted: Space Before: 2 pt, After: 6 pt
GPS Global Positioning System [ - - {Formatted: Space Before: 2 pt, After: 6 pt
MET Mission Elapsed Time - - {Formatted: Space Before: 2 pt, After: 6 pt
MRT Mission Relative Time - - {Formatted: Space Before: 2 pt, After: 6 pt
SCLK Spacecraft Clock (receiver) - {Formatted: Space Before: 2 pt, After: 6 pt
TAI International Atomic Time - - {Formaned: Space Before: 2 pt, After: 6 pt
TCB Barycentric Coordinated Time - - {Formaned: Space Before: 2 pt, After: 6 pt
TDB Barycentric Dynamical Time - {Formatted: Space Before: 2 pt, After: 6 pt
TT Terrestrial Time - - {Formatted: Space Before: 2 pt, After: 6 pt
uT1 Universal Time - {Formatted: Space Before: 2 pt, After: 6 pt
uTC Coordinated Universal Time - {Formatted: Space Before: 2 pt, After: 6 pt

«— o J v J J J J J J J U

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_SYS
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 messaged hey are valid for keywordsREF_FRAME_* in the APM and AEM

) «  J J vJ J J «J J J J J U

messages, denotes ‘A’ or ‘B-O-FRAME* UEER FRAME*—and

DIN y - = y n W e o

EME2000 Earth Mean Equator and Equinox of J2000 = { Formatted: Space Before: 2 pt, After: 6 pt
GTOD Greenwich True of Date = { Formatted: Space Before: 2 pt, After: 6 pt
ICRF International Celestial Reference Frame = { Formatted: Space Before: 2 pt, After: 6 pt
ITRF2000 International Terrestrial Reference Frao@0 = { Formatted: Space Before: 2 pt, After: 6 pt
ITRF-93 International Terrestrial Reference Frar@@3l = { Formatted: Space Before: 2 pt, After: 6 pt
ITRF-97 International Terrestrial Reference Frar@@7l = { Formatted: Space Before: 2 pt, After: 6 pt
ITRF International Terrestrial Reference Frame = { Formatted: Space Before: 2 pt, After: 6 pt
ITRFyyyy International Terrestrial Reference Framssociated to year yyyy - — - { Formatted: Space Before: 2 pt, After: 6 pt
J2000 Earth Mean Equator and Equinox of J2000 = { Formatted: Space Before: 2 pt, After: 6 pt
LVLH Local Vertical Local Horizontal = { Formatted: Space Before: 2 pt, After: 6 pt
RTN, QSW Radial, Transverse, Normal Orbital Frame = { Formatted: Space Before: 2 pt, After: 6 pt
TOD True of Date = { Formatted: Space Before: 2 pt, After: 6 pt
TNW, NTW Tangential, Normal, Omega (W) Orbital Fram - { Formatted: Space Before: 2 pt, After: 6 pt
RSW (R(gl(?;glses(;-:?\llltltzﬁgelizﬁsaflg?llg)g the relative mowbiwo satellites |, __ { Formatted: Space Before: 2 pt, After: 6 pt
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B4 LOCAL SPACECRAFT BODY REFERENCE FRAMES

The following table enumerates the allowed valwgsttie keywordREF_FRAME_* in t
APM and AEM messages, where ** denotes ‘A’ or ‘BThese frames will vary from o

+

bject

to object, but provide a mechanism of denotingedéfit reference frames than the object's
BODY axes to speC|fy an orientatien:

t,The exact specific

ation

of the frames (posmon of center orlentatlon)lﬂtjd:)e deflned—typjfeauy—wa ian ICD.

b o J J J J J J UJ

ACTUATOR x Actuator reference frame (‘x’ =89): could denote reaction A ‘[Formatted: Space Before: 2 pt, After: 6 pt
- wheels, solar arrays, thrusters, etc.
AST x Autonomous Star Tracker (‘X' = 0-9)
CSS_xy Coarse Sun Sensor (‘X' =0, 'y’ = 0—9) - {Formatted: Space Before: 2 pt, After: 6 pt
DSS_x Digital Sun Sensor ('x’ =09) - {Formatted: Space Before: 2 pt, After: 6 pt
GYRO_x Gyroscope Reference Frame (‘X' =0) - {Formatted: Space Before: 2 pt, After: 6 pt
INSTRUMENT_y Instrument 'y’ reference frame ('y’A—Z, 0-9) - {Formatted: Space Before: 2 pt, After: 6 pt
SC_BODY_x Spacecraft Body Frame (‘'x' =®) - {Formatted: Space Before: 2 pt, After: 6 pt
SC_BODY_y Spacecraft Body Frame of another objgtt(A —2) - {Formatted: Space Before: 2 pt, After: 6 pt
SENSOR_x Sensor ‘X' reference frame ('x' =4, 0—9) - { Formatted: Space Before: 2 pt, After: 6 pt
STARTRACKER_x Star Tracker Reference Frame (‘'X'=®) - { Formatted: Space Before: 2 pt, After: 6 pt
TAM_x Three Axis Magnetometer Reference Frame £%—9) - {Formatted: Space Before: 2 pt, After: 6 pt
B5 ATTITUDE AND RATE TYPES
The following table enumerates the allowed values the keywords associated ith - { Formatted: Normal
ATT _TYPE and RATE_TYPE in the ACM.
Keyword Value ] Meaning/Descripton | [~ - { Formatted: Font: 11 pt
QUATERNION Coordinate transformation represented as a { Formatted: Space Before: 2 pt, After: 6 pt
] 7g[15t7er7ni70|71 777777777777777777 | * - {Formatted: Font: 11 pt
- - - {Formatted: Space Before: 2 pt, After: 6 pt
EULER ANGLES | }CHOQ",dlﬂélt,e,t[a_[@fi’rma}'9'1 represented with | AN {Formaned; Font: 11 pt
ree successive rotations \[Formatted: Space Before: 2 pt, After: 6 pt

(D D D ) W
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u o A )LL)

U

) LU

bem o ___|Coordinate transformation represented as a $x3 - - ‘[Formaﬁedi Font: 11 pt
matrix N { Formatted: Space Before: 2 pt, After: 6 pt
ANGVEL ] Angular velocity vector | oo { Formatted: Font: 11 pt
0_DOT Rate of change of the quaternion e _ {Formatted: Space Before: 2 pt, After: 6 pt
e N {Formatted: Font: 11 pt
EULER RATE | Timederivative of the Eulerangles | DN {Formatted: Space Before: 2 pt, After: 6 pt
X~
GYRO BIAS | Correction to gyro estimated anqular velocityf -~ - . [.Formatted: Font: 11 p
N {Formatted: Space Before: 2 pt, After: 6 pt
ANRN
\\\[ Formatted: Font: 11 pt
B6 ESTIMATOR TYPES {Formatted: Space Before: 2 pt, After: 6 pt
The following table enumerates the allowed valumstlie keyword AD METHOD in the- — - - {Formaned: Normal, Space Before: 0 pt, After: 0 pt
ACM:
EKE | Extended Kalman Filter, a sequential estimationttigm applied to |+ - - _ - { Formatted: Font: 11 pt
spacecraft attitude determination. Often additictete vector B \[ Formatted: Space Before: 2 pt, After: 6 pt
components are included, such as gyro biases.
JRIAD | TRIAxial Attitude Determination, an algebraic methior T2 <~ {Formane‘* Font: 11 pt
determination of spacecraft attitude from a sewof vector B \[ Formatted: Space Before: 2 pt, After: 6 pt
observations.
QUEST = | Quaternion ESTimator, an efficient, deterministigoaithm to estimate - —~_ - { Formatted: Font: 11 pt
a spacecraft attitude quaternion. ~{ Formatted: Space Before: 2 pt, After: 6 pt
BATCH | A batch least squares algorithm to estimate spafteattitude, ang - -~ _- ‘[Format‘edi Font: 11 pt
optionally additional sensor parameters such gsmients, biases, scdle h \f Formatted: Space Before: 2 pt, After: 6 pt
factors.
QMETHOD = | Considered the best deterministic algorithm tonestie a spacecraft -~ —~_ - {Formaﬁedi Font: 11 pt
attitude gquaternion. Reguires use of an eigenvaeeomposition B \f Formatted: Space Before: 2 pt, After: 6 pt
algorithm.
FILTER_SMOOTHER | A method to smooth noisy processes. Several srimgppproaches- - - . - Formatted: Font: 11 pt
exist such as fixed-point, fixed-lag, and fixedeinal. Used in ground B \f Formatted: Space Before: 2 pt, After: 6 pt
applications to produce fine attitude estimates fpowst-processin
applications.

B7 NORMATIVE REFERENCES FOR ATTITUDE AND SPACECRAFT
CONVENTIONS

[B-1] SANA Reqistry of Attitude and Spacecraft Cemiions+ - — - - { Formatted:

Normal, Space Before: 0 pt

https://sanaregistry.org/r/attitude and spacecraft conventions
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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 par&urame (defined by its axis and origin).

N ‘[Formatted: Normal, Space Before: 0 pt, After: 0 pt ]
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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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Regquire Accepted«| -Ae{ Formatted Table

Bata—must] Y 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
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DDt O ® QT

clearly
i
sl

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

File-name A4 = :\*\¥‘[ 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 _|<k_- {Formatted: Not Highlight
2 The file specification must not require of the iigey agency the N |- | | Formatted: Centered
separate application of, or modeling of, spacedwfiamics or AN { Formatted: Left
gravitational force models, or integration or progaEon. \{ Formatted: Centered
. o R F tted: Left
3 | Theinterface must facilitate the receiver of thessageto |y [« fomate
generate an attitude state at any required epoch. \\i Formatted: Font: 12 pt
. . - X _ N Formatted: Centered
4 Attitude state information must be provided in ference frame Y « -
T e e e T -\ {Formatted. Left
that is clearly identified and unambiguous. DN
\\\\ { Formatted: Font: 12 pt
2 ,Iqepiiﬁga,tigr] of the object must be clearly idéietiand | Y |« \\{ Formatted: Centered
J—unambl uous. \Q\\ f Formatted: Left
5 __ | The possibility to identify the center of the refiece frame must | Y |« \{ Formatted: Font: 12 pt
be provided. \ [ Formatted: Centered
8 | Time measurements (time stamps, time tags, or epochstbe | N | . [ Formatted: Left
provided in a commonly used, clearly specified exyst {\ \\{ Formatted: Font: 12 pt
R K K K Formatted: Centered
9 __ | The time bounds of the attitude ephemeris mustiagnbiguously| Y |« '\ \% Lef
specified. \ \\\{ Formatted: Left
: o A7 Formatted: Font: 12 pt
A0 | The standard must provide for clear specificatibarots of | Y |« \:\\ ' [ Formatted: Centered
measure. b e (
. Formatted: Left
A1 _ | Files must be readily ported between, and useaifiténwall | Y | \ '\ ( Formatted: Font: 12 pt
Member Agency computational environments that coxaldised .\ ( Formatted: Centered
. W\ -
to exchange Attitude Data Messages. \ W | Formatted: Left
12 Files must have means of being uniquely identiéiad clearly Y (40 . Formatted: Font: 12 pt
annotated. The file name alone is considered iicserfit for this I \;;\‘\{ Formatted: Centered
purpose. " " [ Formatted: Left
" 1\ { 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

Section
ICD Item Trace|+« [ - ‘[Formatted Table ]
1 | ADM, M-ardAEM, and ACMfile naming conventions. 0314
04-1.3
2 | Method of exchanging ADMs (transmission). 0122
0314
04-1.3
3 | Definition of attitude accuracy requirements gieing to data in an ADM 0424
as well as attitude dynamics modeling. 0312
05.8.22
4 | Specific APM AEM and/or ACEM version numbers that will be 032641 - { Formatted Table
exchanged. 04264
E | Femrolenmlicsised lopho DRIC IR0 D Lennag o], ebleg
B
56 | Values used for the ‘OBJECT_ID’ keyword for casdzewthe valueis | table| | - { Formatied: Highlight
not published in the international designatorshisthe UN Office of 3:23-4 | - { Formatted: Highlight
Outer Space Affairs (rEferen@E}]:); ,,,,,,,,,,,,,,,,,,,,,,,,, t,a,bl,e _d - ‘[ Formatted: Highlight
M \\\\‘[ Formatted: Highlight
67 | Values and definition of the 'FRAME_* keywords be used in ADM 3.2.4 “\\{ Formatted: Highlight
exchanges, if the value is not given in annex B. S TCommented [LA29]:
- - - \\ | KEEP or NOT ?
78 | Convention for values of the ‘SPIN_ANGLE’ keywoffdhiot-expressed-in  3.2.4 ) ———
referencefH4] different form that of ANNEX C, skert C5 (Formatted: Highiight

{ Formatted: Highlight

e U )

! 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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L L

Section
ICD Item Trace « | —  — { Formatted Table

If floating-point numbers in extended-single orended-double precision 0565 « | — - - { Formatted Table

are to be used, then discussion of implementati@uific attributes is

required.
94 | Information which must appear in comments for aivgig ADM 05:8-13
O | exchange.
11 | Whether the format of the ADM will be KVN or XML 0423
10
11 | A reference orientation should be specified in@b 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 withlocal orbit frame o

an inertial frame that gives a context to interpiet Euler angle data.
13
12 | If the chosen angle units are radians (which isidatthe standard). == { Formatted: Left
14 | Provisions that are made to ensure informationrigcu ANNEX | { Field Code Changed
13 %‘H;N;-%th - '[ Formatted: English (United States)
15 | Values used for those keywords listed in annex Brwitnose values are B ~ { Formatted: English (United States)
14 | different from those given in annex B.
16 | Specification of interpretation of MET, MRT and SICLif to be B2
15 | 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
16 | those specified in annex B.

LML : - ard
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ANNEX G
ABBREVIATIONS AND ACRONYMS

(INFORMATIVE)

ASCII American Standard Code for Information Intexnge

ACM Attitude Comprehensive Message |+ S ‘{Formatted: Space Before: 4 pt, Add space between }

ADM Attitude Data Message paragraphs of the same style, Tab stops: 3.17efh,

AEM Attitude Ephemeris Message

APM Attitude Parameter Message

AST Autonomous Star Tracker - ‘{ Formatted: Space Before: 4 pt, Add space between }
. . . . paragraphs of the same style, Tab stops: 3.17efh,

CCSDS Consultative Committee for Space Data Systems

CP Center of Pressure - ‘{ Formatted: Space Before: 4 pt, Add space between }

cSS Coarse Sun Sensor paragraphs of the same style, Tab stops: 3.17efh,

DSS Digital Sun Sensor

EKF Extended Kalman Filter

EME2000 Earth Mean Equator and Equinox of J2000efdDate 2000)

GPS Global Positioning System

IAU International Astronomical Union

ICD Interface Control Document

ICRF International Celestial Reference Frame

IEC International Electrotechnical Commission

IMU Inertial Measurement Unit | - ‘{ Formatted: Space Before: 4 pt, Add space between

ISO International Organization for Standardization paragraphs of the same style, Tab stops: 3.1Lefn.

ITRF International Terrestrial Reference Frame

KVN Keyword = Value Notation

LVLH Local Vertical Local Horizontal

NTW Normal, Tangential (to velocity vector) and N@l to Orbit Plane

ODM Orbit Data Message

OEM Orbit Ephemeris Message

OPM Orbit Parameter Message

RWA Reaction Wheel Assembly | - - - ‘{ Formatted: Space Before: 4 pt, Add space between

TAI International Atomic Time paragraphs of the same style, Tab stops: 3.17efh,

TCB Barycentric Coordinated Time
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TDB Barycentric Dynamical Time
o eneldne Dinlo wiesesoe

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 wiiis 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 byrtlweagement 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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