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STATEMENT OF INTENT

The Consultative Committee for Space Data Syst&@&SOS) is an organization officially
established by the management of its members. Bhantittee meets periodically to address
data systems problems that are common to all pzatits, and to formulate sound technical
solutions to these problems. Inasmuch as participain the CCSDS is completely
voluntary, the results of Committee actions arentaf Recommended Standards and are
not considered binding on any Agency.

This Recommended Standard is issued by, and represents the consensus of;@8DS
members. Endorsement of thiBecommendation is entirely voluntary. Endorsement,
however, indicates the following understandings:

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

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

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

0 Specific service arrangements shall be made @mananda of agreement. Neither
this Recommended Standard nor any ensuingstandard is a substitute for a
memorandum of agreement.

No later than five years from its date of issuartbés Recommended Standard will be
reviewed by the CCSDS to determine whether it gshqdl) remain in effect without change;
(2) be changed to reflect the impact of new teobgiels, new requirements, or new
directions; or (3) be retired or canceled.

In those instances when a new version ®Reeommended Standard is issued, existing
CCSDS-related member standards and implementadrensot negated or deemed to be non-
CCSDS compatible. It is the responsibility of eatlember to determine when such
standards or implementations are to be modifiedachEmember is, however, strongly
encouraged to direct planning for its new standam$ implementations towards the later
version of the Recommended Standard.
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FOREWORD

This document is a Recommended Standard for AditDdta Messages (ADMs) and has
been prepared by the Consultative Committee foc&pata Systems (CCSDS). The set of
attitude data messages described in this Recommedidadard is the baseline concept for
attitude representation in data interchange apita that are cross-supported between
Agencies of the CCSDS.

This Recommended Standard establishes a commorevrark and provides a common
basis for the interchange of attitude data. tvedl implementing organizations within each
Agency to proceed coherently with the developmérmompatible derived standards for the
flight and ground systems that are within theirrdagnce. Derived Agency standards may
implement only a subset of the optional featurésnadd by the Recommended Standard and
may incorporate features not addressed by thisrRemmded Standard.

Through the process of normal evolution, it is etpé that expansion, deletion or
modification to this document may occur. This Raotended Standard is therefore subject
to CCSDS document management and change contraleguees, as defined in the
Procedures Manual for the Consultative Committee $pace Data Systems Current
versions of CCSDS documents are maintained at @S Web site:

http://www.ccsds.org/

Questions relating to the contents or status of ticument should be addressed to the
CCSDS Secretariat at the address indicated onipage
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1 INTRODUCTION
11 PURPOSE

1.1.1 This Attitude Data Message (ADM) Recommended Stahdpecifies two standard
message formats for use in transferring spaceattiude information between space
agencies: the Attitude Parameter Message (APM) taedAttitude Ephemeris Message
(AEM). Such exchanges are used for:

— preflight planning for tracking or attitude estirieat 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 (comroations, power, etc.).

1.1.2 This Recommended Standard includes sets of regeiresmand criteria that the
message formats have been designed to meet. Ebares where these requirements do
not capture the needs of the participating agenaresther mechanism may be selected.

1.2 SCOPE AND APPLICABILITY

1.2.1 This document contains two attitude data messagesgmed for applications
involving data interchange in space data systefftse rationale behind the design of each
message is described in ANNEXaErex-Band may help the application engineer to sele{:t a
suitable message. Definition of the attitude aacumunderlying a particular attitude message
is outside of the scope of this Recommended Stdnatadl should be specified via Interface
Control Document (ICD) between data exchange ppatits. Applicability information
specific to each Attitude Data Message format app@asections 3 and 4, as well as in
annex subsection E3.

1.2.2 This Recommended Standard is applicable only tonthesage format and content,
but not to its transmission. The transmissionhefnessage between agencies is outside the
scope of this document and should be specified ifC® or by following a CCSDS standard
on transmission.

1.2.3 Description of the message formats based on theonstee eXtensible Markup

-| Commentaire [LA1]: Note : XML
section will be included later (when
the KVN format is approvec

&efe#enee—[%])—Agenmes should speC|fy, via ICD the ASCII fllerrfrmat to be exchange%f
(Keyword Value Notation [KVN] or XML).
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1.3 CONVENTIONSAND DEFINITIONS

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

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

1.4 STRUCTURE OF THISDOCUMENT

1.4.1 SectionErreur ! Source du renvoi introuvable. provides a brief overview of the
CCsDsS-recommended Attitude Data Message typedititade Parameter Message (APM)
and Attitude Ephemeris Message (AEM).

1.4.2 Section 3 provides details about the structurecamdent of the APM.
1.4.3 Section 4 provides details about the structurecamdent of the AEM.
1.4.4 Section 5 provides details regarding syntax ofARM and AEM messages.

1.45 Section 6 provides information regarding securiypeerns related to the access and
transmission of the Attitude Data Messages.

1.4.6  ANNEX A provides the Implementation Conformance Stateri€8) requirements
ist.

—

1.4.7 ANNEX B_provides a list of approved values for selectedwkeys in the ADM
Metadata sections.

1.4.8 ANNEX C details the conventions relative to ADM data usettis document.

1.4.9 ANNEX D gives the complete list of changes between ADMio&is 1 and 2.

1.4.61.4.10 ANNEX E_Annex—B-lists a set of requirements that were taken into
consideration in the design of the APM and AEMnglevith tables and discussion regarding
the applicability of the two message types to wsiattitude estimation tasks and functions.

1471411  ANNEX F AnnexClists a number of items that should be coveredCbd
prior to exchanging ADMs on a regular basis. Theme several statements throughout the
document that refer to the desirability or necgssiitsuch a document; this annex lists all the
suggested ICD items in a single place in the docime

1481412 AnnexBANNEX G_is a list of abbreviations and acronyms applicabléhe
ADM.
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1.4.13 Annex-EANNEX H is a list of informative references.

14.91.4.14  ANNEX | is relative to security, SANA, and patents consitlens.

15 REFERENCES

The following documents contain provisions whidirough reference in this text, constitute
provisions of this Recommended Standard. At thee tof publication, the editions indicated
were valid. All documents are subject to revisiangd users of this Recommended Standard
are encouraged to investigate the possibility gblyipg the most recent editions of the
documents indicated below. The CCSDS Secretarsntains a register of currently valid
CCSDS Recommended Standards.

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

[2] Spacewarn Bulletin Greenbelt, MD, USA: WDC-SI.
<http://nssdc.gsfc.nasa.gov/spacewarn
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301.0-B-3. Blue Book. Issue 3. Washington, D@CSDS, January 2002.

[5] XML Specification for Navigation Data MessageBraft Recommendation for Space
Data System Standards, CCSDS 505.0-R-1. Red Bésdue 1. Washington, D.C.:
CCSDS, November 2005.
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IEEE, 1985.
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NOTE - A list of informative references can be fdun ANNEX HannexE
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2 OVERVIEW
21 ATTITUDE DATA MESSAGE TYPES

211 Two CCSDS-recommended Attitude Data Messages (ADdis)described in this
Recommended Standard: the Attitude Parameter Megsd&jM) and the Attitude Ephemeris
Message (AEM).

2.1.2 The recommended attitude data messages are ASCfbtenat. While binary-based
attitude data message formats are computer efficeemd minimize overhead on
uplinked/downlinked data streams, there are gr@eginent applications for which an
ASCII character-based message is more appropraieexample, when files or data objects
are created using text editors or word procesg®€11 character-based attitude data format
representations are necessary. They are alsolusefiiansferring text files between
heterogeneous computing systems, because the AB&Hcter set is nearly universally used
and is interpretable by all popular systems. lditéh, direct human-readable downloads of
text files or objects to displays or printers aosgible without preprocessing. The penalty
for this convenience is inefficiency.

2.1.3 As currently specified, an APM or AEM file is topresent attitude data for a single
vehicle. ible-th hite , ot iolo e

22 ATTITUDE PARAMETER MESSAGE (APM)

221 An APM specifies the attitude state of a singleecbjat a specified epoch. This
message is suited to inter-agency exchanges thah\élve automated interaction and/or
human interaction, and (2) do not require highiftgedynamic modeling (for high-fidelity
dynamic modeling, see 2.3, Attitude Ephemeris Mgsga

2.2.2 The APM requires the use of a propagation techniquketermine the attitude state at
times different from the specified epoch, leadingat higher level of effort for software

implementation than for the AEM. When inertialfras are specified, the APM is fully self-
contained and no additional information is requitedspecify the attitude; if local orbital

frames are specified, then an APM must be usedijuaction with an Orbit Parameter
Message (reference [7]).

223 The APM allows for modeling of any number of finitaaneuvers and simple
modeling of solar radiation pressure and atmosphergue. Note that an Orbit Parameter
Message (OPM) is needed for proper solar radigtiessure modeling. The attributes of the
APM also make it suitable for applications such eexhanges by FAX or voice, or
applications where the message is to be frequartdypreted by humans.
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23 ATTITUDE EPHEMERISMESSAGE (AEM)

2.3.1 An AEM specifies the attitude state of a singleegbjat multiple epochs, contained
within a specified time range. The AEM is suitedrtter-agency exchanges that (1) involve
automated interaction (e.g., computer-to-comput@mrounication where frequent, fast,
automated time interpretation and processing ayeired), and (2) require higher fidelity or
higher precision dynamic modeling than is possibid the APM (e.g., flexible structures,
more complex attitude movement, etc.).

2.3.2 The AEM allows for dynamic modeling of any numbdrtorques (solar pressure,
atmospheric torques, magnetics, etc.). The AEMuireg the use of an interpolation
technique to interpret the attitude state at tidifsrent from the tabular epochs.

2.3.3 The AEM is fully self-contained; no additional imfoation is required when inertial
reference frames are specified. If local orbiederence frames are specified, then an AEM
must be used in conjunction with an Orbit Ephemiglgssage (reference [7]).

24 EXCHANGE OF MULTIPLE MESSAGES

For a given object, multiple APM or AEM messages/rba provided in a message exchange
session to achieve attitude fidelity requiremerifsattitude information for multiple objects
is to be exchanged, then multiple APM or AEM filesst be used.

25 DEFINITIONS

Definitions of time systems, reference framestuatgé estimation and prediction methods and
models are provided in reference [H4].
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3 ATTITUDE PARAMETER MESSAGE (APM)
3.1 OVERVIEW

3.1.1 Attitude information may be exchanged between twaatigipants by sending the
attitude state (see reference [H4]) for a specidipdch using an Attitude Parameter Message
(APM). The message recipient must have an attijpd@agator available that is able to
propagate the APM state to compute the estimatéddst at other desired epochs. For this
propagation, additional ancillary information (spexaft properties such as inertia matrix,
torque vectors, and maneuver planning data, if iegiple) shall be included with the
message.

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

— the receiver's modeling of satellite attitude dymesn atmospheric torque, other
internal and external torques (e.g., magnetic, itaenal, etc.), thrust maneuvers,
and attitude control (see reference [H4]) must ilfulaccuracy requirements
established via an ICD between the agencies.

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

3.14 The APM file naming scheme shall be agreed to oase-by-case basis between the
participating agencies, and should be documentethiiterface Control Document (ICD).
The method of exchanging APMs shall be decided owcase-by-case basis by the
participating agencies and documented in an ICD.

3.2 APM CONTENT

321 GENERAL

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

d) data.

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



CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

3.22 APM HEADER

3.2.2.1 Table 3-1 specifies for each header item:
a) the keyword to be used;
b) a short description of the item;
c) examples of allowed values; and

d) whether the item is obligatory or optional.

3.2.2.2 Only those keywords shown in table 3-1 shall balisean APM header.

Table 3-1: APM Header

Keyword Description Examples of Values 9 )
ey p p Mandatory
CCSDS_APM VERS Format version in the form of ‘x.y’, where 'y’ is 1.0 Yes

incremented for corrections and minor changes,>ind
is incremented for major changes.

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

CREATI ON_DATE File creation date/time in one of the followingrfaats: | 2001- 11- 06T11: 17: 33 Yes
YYYY-MM-DDThh:mm:ss[.d—d] or 2002-204715-56:23
YYYY-DDDThh:mm:ss[.d—d] 1996- 12- 18T14: 28: 15. 1172

where ‘YYYY' is the year, ‘MM’ is the two-digit
month, ‘DD’ is the two-digit day, ‘DDD’ is the thee
digit day of year, ‘T’ is constant, ‘hh:mm:ssfl]’ is
the UTC time in hours, minutes, seconds, and oatior]
fractional seconds. As many ‘d’ characters toripiet
of the period as required may be used to obtain the
required precision. All fields require leading @er

ORI G NATOR Creating agency (value should be specified in @)IC | CNES- Yes
ESCC-

GSFC-

GSOC-

JPL~
JAXA—ete—
O her agency

323 APM METADATA

3.2.3.1 Table 3-2 specifies for each metadata item:
a) the keyword to be used;
b) a short description of the item;

c) examples of allowed values; and
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d) whether the item is obligatory or optional.

3.2.3.2 Only those keywords shown in table 3-2 shall balliseAPM metadata. For some
keywords (OBJECT_NAME, OBJECT_ID, CENTER_NAME) tkare no definitive lists of

authorized values maintained by a control authptitg references listed in 1.5 and annex H

are the best known sources for authorized valudat.

Table3-2: APM Metadata

Keyword Description Nor mative Values/ Examples Sbligatory
Mandatory
COMMVENT Comments (allowed only at the beginning of the COMMENT This is a coment No
APM Metadata before OBJECT_NAME). Each
comment line shall begin with this keyword.
OBJECT_NAME | Spacecraft name of the object corresponding to the EUTELSAT WL Yes
attitude data to be given. There is no CCSDS-bas¢dVARS PATHFI NDER
restriction on the value for this keyword, butsit i STS106
recommended to use names fromthe SPACEWARNNEAR
Bulletin|(reference [2]), which include the Object | L -
name and international designator of the partidipar
OBJECT_I D Spacecraft identifier of the object correspondimg t | 2000- 052A Yes
the attitude data to be given. While there is no 1996- 068A
CCSDS-based restriction on the value for this 2000- 053A
keyword, the names could be drawn from the 1996- 008A
[SPACEWARN Bulletid (reference [2]). Ifthisis [ ( | .
chosen, it is recommended that values have theatofm
YYYY-NNNP{PP}, where:
— YYYY = year of launch;
— NNN = three-digit serial number of launch in
year YYYY (with leading zeros);
— P{PP} = atleast one capital letter for the
identification of the part brought into
space by the launch.
In cases where the asset is not listed in thetinjlle
the value should be provided in an ICD.
CENTER_NAME | Origin of reference frame, which may be a natural | EARTH No
solar system body (planets, asteroids, comets, and EARTH BARYCENTER
natural satellites), including any planet barycente | MOON
the solar system barycenter, or another spacdimaft| SOLAR SYSTEM BARYCENTER
this the value for ‘CENTER_NAME’ is subject to the SUN
same rules as for ‘'OBJECT_NAME’). There is no | JUPI TER BARYCENTER
CCSDS-based restriction on the value for this STS 106
keyword, but for natural bodies it is recommended | ERCS
use names from the NASA/JPL Solar System
Dynamics Group (reference [3]).
TI ME_SYSTEM | Time system used for attitude and maneuver data [ UTC- Yes
(also see table 3-3). The full set of allowed ealis | TAI -~
enumerated in annex B, with an excerpt provided in TT;
the ‘Normative Values/Examples’ column. GPS-
Explanations of these time systems can be found if TDB;
Navigation Definitions and Conventions TCB
(reference [H4]).
CONTENTS Description of contents for checking purposes. Thg QUATERNI ON No
order does not matter. Each keyword shall be given EULER
only once. ANGVEL
SPI N
| NERTI A
MAREUVER
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324 APM DATA

3.24.1 Table 3-3 provides an overview of tlige-six logical blocks in the APM Data
section (attitude quaternion, attitude Euler angtesee-axis) spin axis—typesdataangular
velocity data, -Spaceeraft spacecraft—Parametensedess

Parametersparametgrand specifies for each data item:

a) the keyword to be used;

b) a short

description of the item;

¢) the units to be used;

Maneuver— maneuver

d) whether the item isbligatery mandatorer optional This characteristic only applies

if the logical block is present.

3.2.4.3 There shall be as many logical blocks as necessary.

3.24.4 Any particular type of block may be repeated sewvarses.

Table 3-3: APM Data

3.24.2 Only those keywords shown in table 3-3 shall beduse APM data. Some
impertantremarks concerning the keywords in table 3-3 apimearediately after the table.

|

Keyword Description Npr mative Obligatory
Units/Values [ Mandatory
Comments (Shall appear only at the beginning ofdbieal blocks, but not between components ofldigécal blocks.)
COMVENT Each comment line shall begin with this keyword. an/ No
EPOCH Epoch of the attitude elements & optional logidaicks and n/a Yes
denotes a spacecraft event time.
3%Anitude Quaterniorcompeonents-in-the-Specified-Coordinate-System (
Il ebligatery mandatorglementofthe-logical-bleclare to be provided the block is present
JeeANNEX C for conventions and further detail.
| | _ - -| Commentaire[L A4]: Previously propose
COMVENT Each comment line shall begin with this keyword. n/a No “Block" l_(engrd _supposed to make
Q FRAME_A The name of the reference frame specifying onedrafthe SC BODY_1 Yes processing eier finally removed
transformation, whose direction is specified usirgkeyword Q_DIR. STARTRACKER_1
The full set of values is enumerated in annexh-an-excerptprovided | | NSTRUVENT_A
inthe-‘Units/Values'celumn For a definition of these various frames, thé.VLH
reader is directed to reference [H#jote that-if-a-frame-is-used-that-doep | CRF
not appear-in-annex A, a description should besglaman 1CD.
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Keyword Description Npr mative Obligatory
Units/Values | Mandatory

Q_FRAME_B Name of the reference frame specifying the secontiom of the I CRF Yes

transformation, whose direction is specified ushmgkeywordQ DI R. | TRF- 97

The full set of values is enumerated in annexBa-an-excerpt | TRF2000

provided-in-the-Units/\alues eolumnFor a definition of these various | TRFXXXx

frames, the reader is directedNavigation Definitions and Conventiorjs TOD

(reference [H4]). EME2000

Note that if a reference frame is to be used thasdhot appear in LVLH

B e e a N RTN

SC_BODY_1
| NSTRUVENT_A

QDR Rotation direction of the attitude quaternion, sfyéreg from which A2B YesNo

frame the transformation is to: B2A

- A2B specifies an attitude transforming from tPeFRAVE_A to the

Q FRAME_B.

- B2A specifies an attitude transforming from tDeFRAVE_B to the

Q FRAME_A

By default, the transformation direction is A2B.
Ql e *sin(@2) @= rotation angle n/a Yes
(64 & * sin(@2) @= rotation angle n/a Yes
[0¢] e; * sin(@2) @= rotation angle n/a Yes
Q cosigp'2) @=rotation ang| n/e Yes
QL_DOT Derivative of Q 1/s No
Q_DOor Derivative of Q 1/s No
B_DOrT Derivative of Q 1/s No
QC_DOT Derivative of Q 1/s No

Block: Euler angle elements-the

attitude—See—3.-2.5-4-3forfurtherclarificat)dill obligatory elements are to be provided if tileck is present.
SeeANNEX C for conventions and further detail.

COVVENT Each comment line shall begin with this keyword. n/a No
EULER_FRAMVE_A The name of the reference frame specifying onedrafithe SC_BODY_1 NeYes
transformation, whose direction is specified ustmgkeyword STARTRACKER 1

EULER_DI R The full set of values is enumerated in annexBa-an | NSTRUVENT_A
excerpt-provided-in-the-Units/\ValuescolumfFor a definition of these | CRF

various frames, the reader is directed to refer@iddg LVLH
Note that if a frame is used that does not appearinex A, a
description should be placed in-an ICD.
EULER_FRAME_B Name of the reference frame specifying the secontionm of the I CRF NoYes
transformation, whose direction is specified ughegkeyword | TRF-93

EULER_DI R The full set of values is enumerated in anngwiBian | | TRF- 97
excerpt provided in the ‘Units/Values’ columNote that if a reference| | TRF2000

ame o-be used-that does-not-appearin—afnaxe ption LVLH
should be placed in an ICD. SC_BODY_1
| NSTRUVENT_A
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Keyword Description Npr mative Obligatory
UnitgValues | Mandatory
EULER DI R Rotation direction of the attitude Euler angledfying from which A2B No
frame the transformation is to: B2A
- A2B specifies an attitude transforming from el ER_FRAME_A to
theEULER_FRAME_B.
- B2A specifies an attitude transforming from tE®L ER_FRAME_B
to theEULER_FRAME_A.
By default, the transformation direction is A2B.
HULER_ROT_SEQ Rotation order of thEULER_FRAME_A to EULER_FRAME_B or vice 123XYZ NeYes
versa, as specified using the EULER_DIR keywiand<-¥Y-Z-rotation 3217XZ
{e-g312-where X=1-Y¥=2,Z=3]The order of the transformation is
from left to right, where the leftmostteger letterepresents thérst
rotation axisof the first rotation
HATE FRAMVE The value of this keyword expresses the relevaywhed to use that EULERFRAME-A No
Z_RATE are expressed. The allowed values are those simotlve box
B e T H e e Al e I
attitude of one frame with respect to the other,direction being
P e e
X-ANGLEANGLE 1 X-bodyrotation-angleAngle of the first rotation deg NoYes
Y-ANGLEANGLE 2 Y-bedyrotation-angleAngle of the second rotation deg NeYes
A-ANGLEANGLE 3 Z-body-retation-angleAngle of the third rotation deg NeYes
ANGLE 1 _DOT Time derivative of angle of the first rotation degls No
ANGLE 2 DOT Time derivative of angle of the second rotation degls No
ANGLE 3_DOT Time derivative of angle of the third rotation deals No
X-RATE e e e degls Ne
MRAFE Y body rotation rate degl/s No
7l RATE Z body-rotationrate degls No
Block: angular velocity vector
All obligatory elements are to be provided if tHedk is present.
SeeANNEX C for conventions and further detail.
COVVENT Each comment line shall begin with this keyword. n/a No
ANGVEL_FRAME A The name of the reference frame specifying onedrahthe SC BODY_1 Yes
transformation, whose direction is specified ughekeyword STARTRACKER_1
ANGVEL_DIR. The full set of values is enumeratecannexB. For a | | NSTRUVENT_A
definition of these various frames, the readeirisotied to reference I CRF
[H4]. LVLH
ANGVEL_FRAME B Name of the reference frame specifying the secontion of the | CRF Yes
transformation, whose direction is specified ughmgkeyword | TRF-93
SPI N DI R The full set of values is enumerated in anBewith an | TRF-97
excerpt provided in the ‘Units/Values’ column. | TRF2000
SC_BODY_1
| NSTRUMVENT_A
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Keyword Description Npr mative Obligatory
Units/'Values M andatory
ANGVEL_DI R Rotation direction of the angular velocity vectspecifying from which A2B No
frame the transformation is to: B2A
- A2B specifies an attitude transforming from teéGVEL FRANME A
to theANGVEL _FRANVE_B.
- B2A specifies an attitude transforming from #féGVEL FRAME B
to the ANGVEL_FRAMVE_A.
By default, the transformation direction is A2B.
ANGVEL _FRAME Reference frame in which the components of the langelocity vector| ANGVEL_FRAME Yes
are given. A
ANGVEL_FRAME
B
ANGVEL_X Component of the angular velocity vector on thexks a degls Yes
ANGVEL_Y Component of the angular velocity vector on thexié a deg/s Yes
ANGVEL_Z Component of the angular velocity vector on thexig a degls Yes
BlOCk A paramete inthe pe ” RefemRrame fora e- ” ea ”|tesp|n

(The sender shall give parameters from this logiatk that are necessary to uniguel

provided if the block is present.

SeeANNEX C for conven

tions and further detail.

y-specify-thiude-)All obligatory elements are to be

COMVENT Each comment line shall begin with this keyword. an/ No
SPI N_FRAME_A The name of the reference frame specifying onedrahthe SC_BODY_1 NeYes

transformation, whose direction is specified ustmgkeyword STARTRACKER _1

SPIN_DIR. The full set of values is enumeratedrinex B, with an | NSTRUVENT_A

excerpt provided in the ‘Units/Values’ column. Rodefinition of thesel | CRF

various frames, the reader is directed to refer@iddg LVLH

) ) ) A

description-sheuld-be placed-in-aniCD.
SPI N_FRAMVE_B Name of the reference frame specifying the secaontiom of the | CRF NeYes

transformation, whose direction is specified ughgkeyword | TRF- 93

SPI N_DI R The full set of values is enumerated in annewi+-an | TRF- 97

excerpt provided-in-the ‘Units/Values” columiote that if a reference| 1 TRF2000

frame is to be used that does not appear in anpexdascription should SC_BCDY_1

e | NSTRUMENT_A
SPIN_DIR Rotation direction of the Spin angles, specifyiranf which frame the A2B No

transformation is to: B2A

- A2B specifies an attitude transforming from Sl N_FRAME_A to

theSPI N_FRAME_B

- B2A specifies an attitude transforming from &f&l N_FRAVE_B to

the SPI N_FRAME_A

By default, the transformation direction is A2B.
SPI N_ALPHA Right ascension of spin axis vector deg NoYes
SPI N_DELTA Declination of the spin axis vector deg NeYes
SPI N_ANGLE Phase of the satellite about the spin axis deg NoYes
SPI N_ANGLE_VEL Angular velocity of satellite around spin axis deg/ NoYes
NUTATI ON Nutation angle of spin axis deg NeYes
NUTATI ON_PER Body nutation period of the spin axis S NoYes
NUTATI ON_PHASE Inertial nutation phase deg NoYes
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Keyword Description Npr mative Obligatory
UnitgValues | Mandatory

Ypacecraft Parameters (1, 2, 3 are a set of onlabgaes. None or all parameters of this blockeuse given.)Block: Inertia

All obligatory elements are to be provided if tHedk is present.

YeeANNEX C for conventions and further detail.

COMVENT Each comment line shall begin with this keyword. an/ No
INERTI A_REF_FRAME | Coordinate system for the inertia tensor n/a NeYes
1l XX Moment of Inertia about theX-axis kg*m**2 YesNo
221 YY Moment of Inertia about th&Y-axis kg*m**2 YesNo
B3l 2z Moment of Inertia about th&Z-axis kg*m**2 YesNo
121 XY Inertia Cross Product of tHeX & 2-Y axes kg*m**2 YesNo
131 XZ Inertia Cross Product of tHeX & 3-Z axes kg*m**2 YesNo
P31 YZ Inertia Cross Product of theY & 3-Z axes kg*m**2 YesNo

lock: Maneuver Parametefs

.)AIl obligatory elenteare to be provided if the block is

resent.
leeANNEX C for conventions and further detail.

COMVENT Each comment line shall begin with this keyword. an/ No
AN EPOCH_START Epoch of start of maneuver n/a NeYes
AN_ DURATI ON Maneuver duration S YesNo
AN_REF_FRAME Coordinate system for the torque vector n/a YesNo
AN TOR 1 15 component of the torque vector N*m YesNo
AN TOR 2 2™ component of the torque vector N*m YesNo
AN TOR 3 3 component of the torque vector N*m YesNo

325 REMARKS
3251 DATA FORMAT

3.25.1.1 Table 3-3 is broken intéve-six logical blocks, each of which has a descriptive
heading. Those descriptive headings shall nohbleded in an APM, unless they appear in
a properly formatted COMMENT statement.

3.25.1.2 See ‘CREATION_DATE' in table 3-1 or see referendefpr examples of how to
format the EPOCH and MAN_EPOCH_START. Note that apoch specified denotes a
spacecraft event time.

3.25.1.3 In specifying the EPOCH of the message, care meigaken if UTC is used as
the TIME_SYSTEM. If an APM message reports atétudiring a time of leap 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 200x6x%23:59:59.000 200x-xx-
xxT23:59:60.000 .. 200x-xx-xxT00:00:00.000)
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3252 GENERAL

f.

Commentaire [LA5]: Removed :
useless comment

|

1

e

<]

Commentaire [LA6]: Already
specified in data description text

|

o
jon

IS

Commentaire [LA7]: Removed :
information moved to other relevant

r

|

Commentaire [LA8]: Removed
because the keyword "*_DIR" does

paragraphs
nit
remove any ambiguity.

325253.25.2.1

Commentaire [LA9]: Removed : too
long, Information moved to other
places.

oo — e oo —slomonie e e snn el o W
optionally-given-The keyword INERTIA_REF_FRAME is provided to spgdife reference

frame for the inertia values, and the allowed valioe this keyword are enumerated in annex
B. Since the inertia matrix of a rigid body is syetric, it is necessary to only specify six
elements instead of nine. To reconstruct theifigittia matrix, the elements 121 =112, 131 =
113, and 132 = 123. The inertia cross productsduf® this message assume a negative
double integral.

325263.25.2.2 Parameters for attitude change maneuvers may bienajy ‘
given for the computation of the attitude duringafter maneuver execution (see reference
[H4] for the simplified modeling of such maneuverg)ermissible reference frames for the
torque vector (‘MAN_REF_FRAME') shall be those alled for the keywords
‘Q_FRAME_*, ‘EULER_FRAME_* or ‘SPIN_FRAME_*, whee *' denotes ‘A’, or ‘B’,

as enumerated in annex B.

3.25.2.3 It may become necessary to utilize particular ciffitrmation to process EuIeL
angle elements or a local orbit frame (e.g., LVIQEW) properly. An approach to this is to
add a ‘COMMENT’ block specifying a particular OPMessage to use in conjunction with a
particular APM.
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3.25.2.4 Specification of Euler angle rotations around oolye or two axes may be
handled by entering the appropriate sequence fd#ésired one or two axis rotation and
freely choosing the final axis of rotation and giyia value of zero for the rotation angle.
Therefore, this standard does not allow for a dation of less than three Euler rotation
axes (e.q., for a Y then X rotation, EULER ROT SEQXY, or YXZ are permissible,
with a value of O for the final rotation angle; hewer EULER_ROT SEQ = YX is not).
While repeated Euler rotation axes are permissibke sequence, sequential rotations about
the same axis are not.

3.25.25 Care must be taken when using the keywords for Sgabilized Spacecraft. For
reference frames not enumerated in arBéror defined in referendé4]), an ICD shall be
used to define the reference frame. Additiondl ICD should explain the convention for
values of SPIN_ANGLE should they differ from stardidefinitions, as denoted in reference
[H4].

3.25273.25.2.6 Multiple sets of maneuver parameters may appeaor each
maneuver, all the maneuver parameters shall bateghé the order shown in tal8e3. If a
maneuver is specified, the sender must also spé#uifyvehicle inertias to enable proper
attitude propagation.
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are

_ - | Commentaire [LA11]: Paragraph
moved in previous secti

_ -~ Commentaire [LA12]: Moved in
a previous section

326 APM KEYWORD SET

3.2.6.1 The header shall provide a CCSDS Attitude Data Bigssversion number that
identifies the format version; this is included daticipate future changes. The version
keyword shall be CCSDS_APM_VERS and the value stwmlé the form of ‘x.y’, where 'y’
shall be incremented for corrections and minor geanand ‘X’ shall be incremented for
major changes. Version 1.0 shall be reservedhiiiritial version accepted by the CCSDS
as an official Recommended Standard (‘Blue Bool'gsting shall be conducted using APM
version numbers less than 1.0 (e.g., 0.x). Pp#tiig agencies should specify in the ICD
the specific APM version numbers they will support.

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

3.2.6.3 The first header line must be the first non-blank in the file.
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3.2.6.4 Only those keywords shown in tables 3-1, 3-2, ai3ishall be used in an APM.
Some keywords represent obligatory items and soreeoptional. KVN assignments
representing optional items may be omitted.

Commentaire[L A13]: Removed to make
the reading easier as there is no useful
information.

Not in correct section (not about keyword
set)

prepagatieﬁ]. 7777777777777777777777777777777777777777777777777777777 = ‘{Commentajre[LAM]: Moved to previous}

section

_ - Commentaire [L A15]: Limited number of
.~ | example

Figures 3-1 through 3-8 are examples of AttitudeaP@ter Messages.

CCSDS_APM VERS = 1.0

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

ORI G NATOR = GSFC

COMVENT CGECCENTRI C, CARTESI AN, EARTH Fl XED
COMMENT OBJECT_ID:  1997- 009A

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

OBJECT_I D = 1997- 009A

CENTER_NAME = EARTH

Tl ME_SYSTEM = UTC

COMVENT Current attitude for orbit 335
COMVENT Attitude state quaternion

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

Q FRAME_A = SC_BODY_1

Q FRAME B = | TRF-97

QDIR = A2B

QL = 0. 00005

(024 = 0.87543

0] = 0.40949

C = 0.25678

Figure3-1: APM File Example Using Commentsto Denote Updates
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CCSDS_APM _VERS
CREATI ON_DATE
ORI G| NATOR

COMVENT
COMVENT
COMVENT $I TI M
OBJECT_NAME
OBJECT_I D

CENTER_NANE
TI ME_SYSTEM

1.0
2003- 09- 30T19: 23: 57
GSFC

GECCENTRI C, CARTESI AN, EARTH FI XED
CBJECT_ID:  1999- 068A
1999 DEC 18 $ original launch tinme

TERRA
1999- 068A
EARTH

urc

Current attitude for orbit 335
Attitude state quaternion

SC_BODY_A references EO 1 body frane
OPM = EOL1_2003_09_30_1900 2100. ephem

2003- 09- 30T14: 28: 15. 1172
SC_BODY_1

SC_BODY_A

A2B

0. 00005
0. 00362
0. 00013
0. 99934

Figure 3-2: APM File Example Using Frame of Another Spacecr aft

CCSDS_APM_VERS
CREATI ON_DATE
ORI G| NATOR

COMVENT
COMMENT $I TI'M

OBJECT_NANE
OBJECT_I D

CENTER_NANE
TI ME_SYSTEM

COMVENT
COMVENT
COMVENT

1.0
2003- 09- 30T19: 23: 57
GSFC

CBJECT_ID: 1999- 068A
1999 DEC 18 $ original launch tine

TERRA
1999- 068A
EARTH

urc

Current attitude for orbit 335
Attitude state quaternion
Defines orientati on between the body axes and DSS_1 sensor.

2003- 09- 30T14: 28: 15. 1172
DSS 1

SC_BODY_1

A2B

0. 07481
0. 38175
0. 30317
0. 86992

Figure 3-3: APM File Example Describing Sensor Frameto Body Frame Transform
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CCSDS_APM VERS = 1.0
CREATI ON_DATE = 2003-09-30T19: 23: 57

ORI G NATOR = GSFC

COMMVENT OBJECT_ID:  1999- 068A

COWENT $ITIM = 1999 DEC 18 $ original |aunch time
OBJECT_NAME = TERRA

OBJECT_ID = 1999- 068A

CENTER_NAME = EARTH

TI ME_SYSTEM = Urc

COMVENT Current attitude for orbit 335
COMVENT Attitude state quaternion

COMVENT Defines orientation of MODI'S (I NSTRUVENT_A).
EPOCH = 2003-09-30T14: 28: 15. 1172

Q FRAME_A = | NSTRUVENT_A

Q FRAME B = | TRF-97

QDIR = A2B

Q = 0.32915

Q@ = 0.12209

o] = 0.84888

Q = 0.39517

Figure 3-4: APM File Example Describing Orientation of | nstrument

CCSDS_APM VERS = 1.0
CREATI ON_DATE = 2004- 02- 14T19: 23: 57

ORI G NATOR = GSFC

OBJECT_NANE = TRW

OBJECT_I D = 1997- 009A

CENTER_NANE = EARTH

TI ME_SYSTEM = utC

COMVENT GECCENTRI C, CARTESI AN, EARTH FI XED

COMMVENT OBJECT_ID: 1997- 009A
COMMENT $I TIM = 1997 NOV 21 22:26: 18. 40000000, $ original |aunch tine

COMVENT Attitude state quaternion
EPOCH = 2004- 02- 14T14: 28: 15. 1172
Q FRAME_A = SC BODY_1

Q_FRAME_B = | TRF- 97

QDR = A2B

Q = 0.03123

Q@ = 0.78543

(o} = 0. 39158

C = 0.47832

COMVENT Euler rates

EULER FRAME_ A = SC BODY_1

EULER FRAME B = | TRF-97

EULER DI R = A2B

EULER ROT_SEQ = 3127ZXY

mz

Figure 3-5: APM File Examplewith Euler AnglesRates
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CCSDS_APM VERS = 1.0
CREATI ON_DATE = 2006- 03- 13T13: 13: 33

ORI G| NATOR = GSFC

OBJECT_NAME = GCES-P

OBJECT_I D = 2006- 003A

CENTER_NAME = EARTH

TI ME_SYSTEM = UTC

COMVENT GEOSYNCHRONQUS, CARTESI AN, EARTH FI XED

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

COMVENT Attitude state quaternion
EPOCH = 2006- 03- 12T09: 56: 39. 4987
Q _FRAME_A = SC_BODY_1

Q FRAME B = | TRF-97

QDR = A2B

Q = 0.03123

Q@ = 0.78543

@ = 0. 39158

Q© = 0.47832

COMVENT Euler rates

EULER FRAME_A = SC _BODY_1

EULER FRAME B = | TRF-97

EULER DI R = A2B

EULER ROT_SEQ = 232YXY

I

Y-ANGLE_1 = -26.78 [deg |
X_ANGLE_2 = 46.26 [deg ]
Y-ANGLE 3 = 144.10 [deg ]
Y_RATE = 0.1045 [ deg/s]
Y_RATE = 002156 | degls]

Figure 3-6: APM File Examplewith Euler Angle Rates (Repeated Axis)
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CCSDS_APM VERS
CREATI ON_DATE
ORI G NATOR

OBJECT_NANE
OBJECT_I D
CENTER_NANE
TI ME_SYSTEM
COMVENT

COMVENT urc

COMVENT
EPOCH
Q FRAME_A
Q FRAME_B
QDR

Q
Q
0F]
o8

COMVENT
EULER_FRAME_A
EULER_FRAME_B
EULER DI R
EULER_ROT_SEQ
RATE_FRAME
X_RATE

Y_RATE

Z_RATE

1.0
2008- 03-08T13:13: 33
JsC

1SS

2008- 003A

EARTH

MET

International Space Station,

COMMVENT OBJECT_I D: 2008- 003A
COMVENT MET Rel ative to the foll owi ng Epoch:

2008- 03- 12T06: 54: 37

Attitude state quaternion
0000- 045T15: 43: 28. 93
SC_BODY_1

J2000

A2B

0.03123
0. 78543
0. 39158
0. 47832

Euler rates

SC BODY_1

J2000

A2B

123
EULER_FRAME_A

0. 05901 [deg/ s]
0. 00348 [deg/s]
0.00214 [deg/s]

Ki bo segnent

Figure3-7: APM File Examplewith Mission Elapsed Time
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CCSDS_APM VERS
CREATI ON_DATE
ORI Gl NATOR

OBJECT_NAME
OBJECT_I D
CENTER_NAME
TI ME_SYSTEM
COMVENT

COMMVENT OBJECT_I D:

COMVENT  $I TIM

COMVENT
COMVENT
COMVENT

COMVENT
EPOCH
Q FRAME_A
Q FRAVE B
QDR

Q
Q@
o]
@<

COMVENT
EULER_FRANE_A
EULER_FRAME_B
EULER DI R
EULER_ROT_SEQ
RATE_FRAMVE
Z_ANGLE
X_ANGLE
Y_ANGLE
Z_RATE

X_RATE

Y_RATE

COMVENT
111
122
133
112
113
123

COMVENT

COMVENT
COMVENT
MAN_EPOCH_START
MAN_DURATT ON
MAN_REF_FRANE
MAN_TOR 1
MAN_TOR 2
MAN_TOR 3

1.0
2004-02- 14T19: 23: 57
JPL

MARS SPIRI T

2004- 003A

EARTH

urc

GECCENTRI C, CARTESI AN, EARTH FI XED

2004- 003

2004 JAN 14 22:26:18.400000, $ original |aunch time 14:36
Generated by JPL

Current attitude for orbit 20 and attitude maneuver

pl anni ng data.

Attitude state quaternion
2004- 02- 14T14: 28: 15. 1172
I NSTRUMENT_A

| TRF- 97

A2B

0.03123
0.78543
0.39158
0.47832

Attitude specified as Euler elenents
| NSTRUMENT_A

| TRF- 97

A2B

312ZXY

EULER _FRAME_A

-53. 3688 [deg]

139. 7527 [deg]

25.0658 [deg]
0.02156 [deg/s]
0. 1045 [ deg/ s]
0.03214 [deg/s]
Spacecraft Paraneters
6080.0 [kg*nr*2]
5245.5 [kg*mr*2]
8067.3 [kg*nr*2]
-135.9  [kg*mr*2]
89.3 [ kg*m*2]
-90.7 [ kg*mt*2]

Data follows for 1 planned nmaneuver.

First attitude maneuver for: MARS SPIRI T
I mpul sive, torque direction fixed in body franme
2004-02- 14T14: 29: 00. 5098

3 [s]

I NSTRUVENT_A
-1.25 [N*nj
-0.5 [ N*nj
0.5 [ N*nj

Figure 3-8: APM File Examplewith Optional Euler Elementsand One Maneuver
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4 ATTITUDE EPHEMERISMESSAGE (AEM)
41 OVERVIEW

411 Attitude state information may be exchanged betwparticipants by sending an

ephemeris in the form of a series of attitude staiging an Attitude Ephemeris Message
(AEM). The message recipient must have a meansatefpolating across these attitude
states to obtain the attitude state at an arbitrary contained within the span of the attitude
ephemeris.

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

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

4.2 AEM CONTENT

421 GENERAL

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

4.2.1.2 AEM files must have a set of minimum required satii some may be repeated.

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

Item ObligateryMandatory ?
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

4.22 AEM HEADER

4221 The AEM header assignments are shown in tablewhizh specifies for each item:

a) the keyword to be used;

b) a short description of the item;

c) examples of allowed values; and

d) whether the item is obligatory or optional.

4.2.2.2 Only those keywords shown shall be used in an AEesder.

CCSDS 504.0-B-1
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Table4-2: AEM Header

Keyword Description Normative Values/ Mandator
& P Examples —,)Y
CCSDS_AEM VERS | Format version in the form of ‘x.y’, where 'y’ is 1.0 Yes

incremented for corrections and minor changes,>nd
is incremented for major changes.

COMVENT Comments (allowed after AEM version number and | This is a coment. No
META_START and before a data block of ephemerig
lines). Each comment line shall begin with this

keyword.

CREATI ON_DATE File creation date/time in one of the followingruats: | 2001-11-06T11: 17: 33 Yes
YYYY-MM-DDThh:mm:ss[.d—d] or 2002- 204T15: 56: 23
YYYY-DDDThh:mm:ss[.d—d] 1996- 12- 18T14: 28: 15. 1172

where ‘YYYY' is the year, ‘MM’ is the two-digit
month, ‘DD’ is the two-digit day, ‘DDD’ is the thee
digit day of year, ‘T" is constant, ‘hh:mm:ssfEal]’ is
the UTC time in hours, minutes, seconds, and ogtion|
fractional seconds. As many ‘d’ characters torigiet

of the period as required may be used to obtain the
required precision. All fields require leadingasr

ORI G NATOR Creating agencgvatue-should-be-speeified-inantcD)| CNES- Yes
ESOC;

GSFC-

JPL-
JAXA;
etc...

423 AEM METADATA

4.2.3.1 The AEM metadata assignments are shown in tablewth&h specifies for each
item:

a) the keyword to be used;
b) a short description of the item;
c) examples of allowed values; and

d) whether the item is obligatory or optional.

4.2.3.2 Only those keywords shown shall be used in AEM ot  For some keywords
(OBJECT_NAME, OBJECT_ID, CENTER_NAME) there are rdaefinitive lists of
authorized values maintained by a control authptitg references listed in 1.5 are the best
known sources for authorized values to date.
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Table4-3: AEM Metadata

=
Keyword Description Normative Values/ Examples Mandatory
?
META_START The AEM message contains both metadata and n/ a Yes
attitude ephemeris data; this keyword is used to
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 keywondist
appear on a line by itself.
COMVENT Comments allowed only at the beginning of the COMMENT This is a coment. No
Metadata section. Each comment line shall begih wjit
this keyword.
OBJECT_NAME Spacecraft name of the object corresponding to the EUTELSAT WL Yes
attitude data to be given. There is no CCSDS-basgdMARS PATHFI NDER
restriction on the value for this keyword, butsit i STS106
recommended to use names from|the SPACEWARNNEAR
Bulletin| (reference [2]), which include the Object | | -
name and international designator of the partidipan
OBJECT_I D Spacecraft identifier of the object correspondimghe | 2000- 052A Yes
attitude data to be given. While there is no CCSDY 1996- 068A
based restriction on the value for this keyword, th | 2000- 053A
names could be drawn from the SPACEWARN 1996- 008A
Bulletin|(reference [2]). If this is chosen, itis | | |~
recommended that values have the format YYYY-
NNNP{PP}, where:
— YYYY = year of launch;
— NNN = three-digit serial number of launch in
year YYYY (with leading zeros);
— P{PP} = At least one capital letter for the
identification of the part brought into
space by the launch.
In cases where the asset is not listed in the tinylline
value should be provided in an ICD.
CENTER_NAME Origin of reference frame, which may be a natural | EARTH No
solar system body (planets, asteroids, comets, and| EARTH BARYCENTER
natural satellites), including any planet barycente | MOON
the solar system barycenter, or another spacdoraft | SOLAR SYSTEM BARYCENTER
this the value for ‘CENTER_NAME’ is subject to thg SUN
same rules as for ‘'OBJECT_NAME’). Thereisno | JUPI TER BARYCENTER
CCSDS-based restriction on the value for this STS 106
keyword, but for natural bodies it is recommended {f ERCS
use names from the NASA/JPL Solar System
Dynamics Group (reference [3]).
CCSDS 504.0-B-1 Page 4-4 May 2008

- [ Commentaire[LA16]: Keep ?

= [ Commentaire [LA17]: Keep ?




CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

1

Obligatofy
Keyword Description Normative Values/ Examples Mandatofy
?
REF_FRAME_A The name of the reference frame specifying onedrgm CRF Yes
of the transformation, whose direction is specified | | TRF-93
using the keyword ATTITUDE_DIR. The full set of | | TRF-97
values is enumerated in annexvBth-an-excerpt | TRF2000 |
provided-inthe ‘Values / Examples columfror a | TREXXXX
definition of these various frames, the reader is TOD
directed taNavigation Definitions and Conventions | EME2000
(reference [H4]). LVLH
i d | NTW
not appear in [E4], a description should be planed | SC_BODY_1
anichl | NSTRUVENT_A B
REF_FRAME_B Name of the reference frame specifying the second SC_BCDY_1 Yes
portion of the transformation, whose direction is STARTRACKER_1
specified using the keyword ATTITUDE_DIR. The | | NSTRUMENT_A
full set of values is enumerated in annexxBh-an | CRF
exeerptprovided-intheValues/ Examples—eolumn| | TRF2000
For a definition of these various frames, the reéle | EME2000
directed to reference [H4[Note-that if-a-frame-is-use
e e e e e e
ATTI TUDE_DI R Rotation direction of the attitude specifying from A2B Yes
which frame the transformation is to: B2A
- A2B specifies a transformation from the
REF_FRAME_A to the REF_FRAME_B
- B2A specifies a transformation from the
REF_FRAME_B to the REF_FRAME_A.
TI ME_SYSTEM Time system used for both attitude ephemeris dadafaUTC- Yes
metadata (also see tables 4-3 and 4-4). Thedubf | TAI -
allowed values is enumerated in annexaBh-an TT+~
excerptprovided-inthe‘Values/Examples’ column | GPS-
Explanations of these time systems can be found il TDB;-
Navigation Definitions and Conventioreference TCB
[H4]).
START_TI ME Start of TOTAL time span covered by attitude 1996-12-18T14: 28: 15. 1172 Yes
ephemeris data immediately following this metadata 2001- 277T07: 22: 54
block. The START_TIME time tag at a new block of
attitude ephemeris data must be equal to or greate
than the STOP_TIME time tag of the previous blocH.
USEABLE_ Optional start and end of USEABLE time span 1996-12-18T14: 28: 15. 1172 No
START_TI ME, covered by attitude ephemeris data immediately 2001-277T07: 22: 54
following this metadata block. To allow for proper
USEABLE_ interpolation near the ends of the attitude ephi&mer
STOP_TI ME data block, it may be necessary, depending upon the
interpolation method to be used, to utilize these
keywords with values within the time span covergd p
the attitude ephemeris data records as denoteueby
START/STOP_TIME time tags.
CCSDS 504.0-B-1 Page 4-5 May 2008
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Obligatory
Keyword Description Nor mative Values/ Examples Mandatory
?
STOP_TI ME End of TOTAL time span covered by the attitude 1996- 12-18T14: 28: 15. 1172 Yes
ephemeris data immediately following this metadata 2001- 277T07: 22: 54
block. The STOP_TIME time tag for the block of
attitude ephemeris data must be equal to or less th
the START_TIME time tag of the next block.
ATTI TUDE_TYPE | The format of the data lines in the message. This | QUATERNI ON Yes
keyword must have a value from the set specified gt QUATERNI ON/ DERI VATI VE
the right. See 4.2.5 for details of the data doethin | QUATERNI ON/ RATE
each line. EULER_ANGLE
EULER_ANGLE/ DERI VATI VE
EULER_ANGLE/ RATE
SPIN
SPI N/ NUTATI ON
QUATERNI ON_ The placement of the scalar portion of the quaterni | FI RST No
TYPE (QC) in the attitude data. This keyword shall be LAST
provided if the ATTITUDE_TYPE used in the
message denotes quaternions.
EULER_ROT_SEQ [ The rotation sequence of the Euler angles thaterota| +31XZX No
from REF_FRAME_A to REF_FRAME_B, or vice | 231YZX
versa, as specified using the ATTITUDE_DIR 321ZYX
keyword. This keyword is applicable only if
ATTITUDE_TYPE specifies the use of Euler angles.
See 1.1.1.1.1 for details on rotation sequence
conventions.
RATE_FRAME The frame of reference in which Euler rates are REF_FRAME_A No
specified. The allowed values are shown at right. | REF_FRAME_B
This keyword is applicable only if ATTITUDE_TYPH
specifies the use of rates in conjunction withegith
guaternions or Euler angles.
I NTERPOLATI ON [ Recommended interpolation method for attitude LI NEAR No
_METHOD ephemeris data in the block immediately following | HERM TE
this metadata block. | agrange
| NTERPOLATI ON [ Recommended interpolation degree for attitude 5 No
_DEGREE ephemeris data in the block immediately following | 1
this metadata block. It must be an integer valligis
keyword must be used if the
‘INTERPOLATION_METHOD' keyword is used.
META_STOP The end of a metadata block within the message Thn/ a Yes
AEM message contains both metadata and attitude|
ephemeris data; this keyword is used to delindsge t
end of a metadata block within the message (metadat
are provided in a block, surrounded by
‘META_START’ and ‘META_STOP’ markers to
facilitate file parsing). This keyword must appeara
line by itself.
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4233 Keywords START_TIME, USEABLE_START_TIME, USEABLE_®P_TIME,
and STOP_TIME all denote a spacecraft event time.

424 AEM DATA
4241 See 4.2.5, Attitude Ephemeris Data Lines, for djpations regarding AEM data.

4242 The Data section of the AEM shall be delineatedthy ‘DATA_START' and
‘DATA_STOP’ keywords. These keywords are intendedacilitate parsing, and will also
serve to advise the recipient that all the attitdd& records associated with the immediately
preceding AEM Metadata section have been receitredr@tionale for including this is that
data volumes can be very large, so knowing whel#ta begins and ends is desirable). The
AEM recipient may process the ‘DATA_STOP’ keywosla'‘local’ end-of-file marker.

425 ATTITUDE EPHEMERISDATA LINES

4251 For AEMs, each set of attitude ephemeris dataudicl the time tag, must be
provided on a single line. Table 4-4 lists thewhble combinations of data items, with each
item following the same definition as given in ®l@-3. The order in which the data items
are given shall be fixed as in table 4-4, with ¢xeeption of Euler angle data for which the
order of angle data must correspond with the sempigiven by EULER_ROT_SEQ.

4252 The choice of one of the formats in table 4-4 shHad#l specified via the
ATTITUDE_TYPE keyword in the metadata.
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Table4-4: Typesof Attitude Ephemeris Data Lines

Keyword Value Ephemeris Data Line
Quaternion Options (note that keywords and valpgear only in Metadata)
QUATERNI ON_TYPE FI RST N A
QUATERNI ON Epoch, QC, Ql, @, @&
Epoch, QC, Ql, @, @,
ATTI TUDE TYPE QUATERNI ON/ DERI VATI VE QC_DOT, Ql_DOrT, _DOT,
- @_Dor
Epoch, QC, Q, @, @B,
QUATERNI OV -RATE X_RATE, Y_RATE, Z_RATE
QUATERNI ON_TYPE LAST N A
QUATERNI ON Epoch, Ql, @, @, C
Epoch, Q, @, @, C
ATTI TUDE_ TYPE QUATERNI ON/ DERI VATI VE QL_DOT, @_DOT, @B_DOT,
QC_Dpor
Epoch, Q, @, B, QC
QUATERN QI —RATE X_RATE, Y_RATE, Z_RATE
Euler Angle Options (note that keywords and vakgsear only in Metadata)
Epoch,
EULER_ANGLE X-ANGLE_1, ¥-ANGLE 2,
Z_ANGLE_3
Epoch,

ANGLE 1, ANGLE 2,
ANGLE 3, ANGLE 1_DOT,
ANGLE 2 _DOT, ANGLE 3_DOT

ATTI TUDE_TYPE EULER_ANGLE/ DERI VATI VE

Epoch,

X-ANGLE_1, Y-ANGLE 2,
Z-ANGLE_3, X_RATE,
Y_RATE, Z_RATE

EULER_ANGLE/ —RATE

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

Epoch,

SPI N_ALPHA, SPI N_DELTA,
SPI N_ANGLE,

SPI N_ANGLE_VEL

SPI N

ATTI TUDE_TYPE Epoch,
SPI N_ALPHA, SPI N_DELTA,

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

NUTATI ON_PHASE

SPI N/ NUTATI ON

4253 FORMAT

4253.1 At least one space character must be used to sepheitems in each attitude
ephemeris data line.
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42532 See 'CREATION_DATE' in table 3-1 or see referendgfpr examples of how to
format the EPOCH. Note that any epoch specifietbtis spacecraft event time.

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

4254 TECHNICAL

4254.1 Attitude ephemeris data lines must be ordered byeasing time, and time tags
must not be repeated, except in the case whereST@P_TIME of a set of attitude
ephemeris data lines is equal to the START_TIMEheffollowing set of attitude ephemeris
data lines. The time step duration may vary withigiven AEM.

4254.2 The TIME_SYSTEM value must remain fixed within a&M.

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

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

4.25464.25.4.5 Specification of Euler angle rotations around onhe or two
axes may be handled by entering the appropriateesee for the desired one or two axis
rotation and freely choosing the final axis of tma and giving a value of zero for the
rotation value. Therefore, this standard doesatiotv for a specification of less than three
Euler rotation axes (e.q., for a Y then X rotati@®JLER ROT SEQ = YXY, or YXZ are
permissible, with a value of 0 for the final rotatj however EULER_ROT _SEQ = 21 is
not). While repeated Euler rotation axes are pssiie in a sequence, sequential rotations
about the same axis are not.

guarantee that the message follow the

- -1 Commentaire [LA20]: There is no
recommendation. => useless

F\OﬂL __ — | Commentaire[LA21]: Moved to previous
7777777777777777777777777777777777777777777777777777777777777 paragraph
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426 AEM KEYWORD SET

4.2.6.1 The header shall provide a CCSDS Attitude Data Bigssversion number that

identifies the format version; this is included daticipate future changes. The version
keyword shall be CCSDS_AEM_VERS and the value diale the form of ‘x.y’, where 'y’

is incremented for corrections and minor changed,‘® is incremented for major changes.
Version 1.0 shall be reserved for the initial vensaccepted by the CCSDS as an official
Recommended Standard (‘Blue Book’). Testing sballconducted using AEM version

numbers less than 1.0 (e.g., 0.x). Participatiggnaies should specify in the ICD the
specific AEM version numbers they will support.

4.2.6.2 The header shall include the CREATION_DATE keywuwiith the value set to the
Coordinated Universal Time (UTC) when the file veasated, according to reference [4]. A
description of AEM header keywords and values dvigled in table 4-2.

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

4.2.6.4 Only those keywords shown in tables 4-2 and 4-3 bleaused in an AEM. Some
keywords represent obligatory items and some atierad. KVN assignments representing
optional items may be skipped. The two USEABLE_ KTASTOP_TIME keywords,
marked as optional items, may not be necessary ndeme on the recommended
interpolation method. (It is safer to use the USEEBSTART/STOP_TIME capability in
all cases.)

4.2.6,5 A single METADATA group shall precede each attitueighemeris data block.
Multiple occurrences of a METADATA group followeg/ lan attitude ephemeris data block
may be used (e.g., METADATA, DATA, METADATA, DATAetc.).

4.2.6.6 Before each METADATA group the string ‘META_STARTEhall appear on a
separate line and after each METADATA group (anfbteethe associated DATA_START
keyword) the string ‘META_STOP’ shall appear oreparate line.
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43 AEM EXAMPLE
4.3.1 Figure 4-1 is an example of an AEM. Note that sattitide ephemeris lines were omitted.

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

META_START

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

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

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

CENTER_NAME = mars barycenter
REF_FRAMVE_A = EME2000

REF_FRAMVE_B = SC BODY_1

ATTI TUDE_DI R = A2B

TI ME_SYSTEM = UTC

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

USEABLE_START_TI ME
USEABLE_STCP_TI ME

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

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

QUATERNI ON_TYPE = LAST

I NTERPOLATI ON_METHOD = hermite

| NTERPOLATI ON_DEGREE = 7

NETA_STOP

DATA_START

1996- 11- 28T21: 29: 07. 2555 0. 56748  0.03146  0.45689 0. 68427
1996- 11- 28T22: 08: 03. 5555 0. 42319  -0.45697 0.23784 0. 74533
1996- 11- 28T22: 08: 04. 5555 -0.84532 0.26974 -0.06532 0.45652

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

META_START
COMMENT  This bl ock begins after trajectory correction maneuver TCM 3.

OBJECT_NAME = mars gl obal surveyor
OBJECT_I D = 1996- 062A

CENTER_NAME = MARS BARYCENTER
REF_FRAMVE_A = EME2000

REF_FRAME_B = SC_BODY_1

ATTI TUDE_DI R = A2B

TI ME_SYSTEM = UTc

START_TI ME = 1996- 12- 18T12: 05: 00. 5555
USEABLE_START_TIME = 1996-12-18T12: 10: 00. 5555
USEABLE_STCP_TI ME = 1996- 12-28T21: 23: 00. 5555
STOP_TI ME = 1996- 12- 28T21: 28: 00. 5555
ATTI TUDE_TYPE = QUATERNI ON

QUATERNI ON_TYPE = LAST

META_STCOP

DATA_START

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

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

1996- 12- 18T12: 10: 10. 5555 0.03125 -0.65874  0.23458 -0.71418
< intervening records onitted here >

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

DATA_STOP

Figure4-1: AEM Example
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4.3.2 Figure 4-2 is an example of an AEM describing ansipig spacecraft. Note that

some attitude ephemeris lines were omitted.

CCSDS_AEM VERS = 1.0

CREATI ON_DATE = 2008-071T17:09: 49

ORI G NATOR = GSFC FDF

META_START

OBJECT_NAVE = ST5-224

OBJECT_I D = 2006224

CENTER_NAMVE = EARTH

REF_FRAME_A = J2000

REF_FRAME B = SC BODY_1

ATTI TUDE_DI R = A2B

TI ME_SYSTEM = Urc

START_TI ME = 2006-090T05: 00: 00. 071

USEABLE_START_TI ME = 2006- 090T05: 00: 00. 071

USEABLE_STOP_TI ME = 2006- 090TO05: 00: 00. 946

STOP_TI ME = 2006-090T05: 00: 00. 946

ATTI TUDE_TYPE = SPIN

META_STOP

DATA_START

COMMVENT Spin KF ground sol ution, SPINKF rates
2006- 090T05: 00: 00. 071 2.6862511e+002 6.8448486e+001 1.5969509e+002 -1.0996528e+002
2006- 090T05: 00: 00. 196 2.6863990e+002 6.8432197e+001 1.4593720e+002 -1.0996493e+002
2006- 090T05: 00: 00. 321 2.6864591e+002 6.8412960e+001 1.3218766e+002 -1.0996455e+002
2006- 090T05: 00: 00. 446 2.6863697e+002 6.8392049e+001 1.1845280e+002 -1.0996402e+002
2006- 090T05: 00: 00. 571 2.6861072e+002 6.8371266e+001 1.0473305e+002 -1.0996370e+002
2006- 090T05: 00: 00. 696 2.6856625e+002 6.8353279e+001 9.1030304e+001 -1.0996339e+002
2006- 090T05: 00: 00. 821 2.6850631e+002 6.8340398e+001 7.7341548e+001 -1.0996317e+002
2006- 090T05: 00: 00. 946 2.6843571e+002 6.8332398e+001 6.3662262e+001 - 1. 0996304e+002

DATA_STOP

Figure4-2: AEM Spinner Example
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5 ADM SYNTAX

51 INTRODUCTION

This section details the syntactical requiremeatsattitude messages. All APM and AEM
messages shall observe the syntax described iecidrss 5.2 through 5.6.

52 APM

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

53 AEM

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

54 LINES

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

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

5.4.3 Blank lines may be used at any position withinfttee

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

54.5 APM and AEM lines shall be terminated by a singleriage Return or a single Line
Feed, or a Carriage Return/Line Feed pair or a Eeexd/Carriage Return pair.
55 KEYWORDS

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

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

554 Any white space immediately preceding or followitlge keyword shall not be
significant.
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5,55 Any white space immediately preceding or followithge ‘equals’ sign shall not be
significant.

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

5.,5.7 The order of occurrence of obligatory and optidkisN assignments shall be fixed
as shown in tables 3-1, 3-2, and 3-3 for the AP as shown in tables 4-2 and 4-3 for the
AEM. Exceptions to this rule for the APM shall foe quaternion and Euler angle ordering,
as described in 3.2.5.

558 The keywords COMMENT, META_START, META_STOP, DATAT8RT and
DATA_STOP, and AEM data lines are exceptions toki& syntax.

56 VALUES

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

5.6.2 Blanks shall not appear within numeric values ame tvalues.

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

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

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

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

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

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

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

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

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

5.6.5 These specifications for integer, fixed-point, dledting-point values conform to the
XML specifications for the data types four-byteeiger ‘xsd:int’, ‘decimal’ and ‘double’
respectively. The specifications for floating-powalues conform to the IEEE double
precision type (reference [6]). Floating-point rhers in IEEE extended-single or IEEE
extended-double precision may be represented, dueqlire an ICD between participating
agencies because of their implementation-spediitbates (reference [6]). Note that NaN,
+Inf, -Inf, and -0 are not supported values.

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

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

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

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

YYYY-MM-DD:Thh:mm:ss[.d[1d][Z]

or

YYYY-DDDThh:mm:ss[.d1d][Z]
where ‘YYYY' is the year, ‘MM’ is the two-digit math, ‘DD’ is the two-digit day, ‘DDD’
is the three-digit day of year, ‘T’ is constanth!mm:ss[.qf]d] is the time in hours, minutes
seconds, and optional fractional seconds; ‘Z’ isogtional time code terminator (the only

permitted value is ‘Z’ for Zulu, i.e., UTC). Alldlds shall have leading zeros. See reference
[4], ASCII Time Code A and B.
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57 UNITS
571 APM RESTRICTIONS

For clarity, units may be included as ASCII texteafa value, but they must exactly match
the units specified in table 3-3 (including caskunits are displayed, then:

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

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

572 AEM RESTRICTIONS

5.7.2.1 In an AEM, units shall be assigned to the keywaslfollows:
— dimensionless: EPOCH, Q1, Q2, Q3, QC;
— 1/s: Q1_DOT, Q2_DOT, Q3_DOT, QC_DOT;

— deg:  X_ANGLE, Y_ANGLE, Z ANGLE, SPIN_ALPHA, SPIN_ELTA,
SPIN_ANGLE, NUTATION, NUTATION_PHASE;

— degls: X_RATE, Y_RATE, Z_RATE, SPIN_ANGLE_VEL;
s: NUTATION_PER.

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

58 COMMENTS
581 GENERAL

5.8.1.1 All comment lines shall begin with thedweNT” keyword followed by at least one
space. This keyword must appear on every comniaat ot just the first such line. The
remainder of the line shall be the comment valu¢hite space shall be retained (shall be
significant) in comment values.

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

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

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

COMMENT Source: File created by GSFC Flight Dynanmics Facility as part
COMMENT of Launch Operations Readi ness Test held on 15 July 2004.

58.2 APM SPECIFIC

5.8.2.1 Comments are optional and may appear only at tggbieg of the APM Header
and APM Metadata sections, as shown in tables Bdl32. In the APM Data section,
comments shall appear only at the beginning ofgecéd block. Comments must not appear
between the components of any logical block inAR& Data section. The logical blocks in
the APM Data section are indicated in table 3-3.

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

COMMENT The 1-sigma accuracy determ ned by the GSFC Fli ght
COMMENT  Dynamics Facility for this attitude solution was
COWMENT [0.02670 0.00945 0.00832] DEG

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

583 AEM SPECIFIC

5.83.1 General

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

Comments must not appear between attitude ephendaia lines, nor after the
DATA_STOP keyword.
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5.8.3.2 AEM Accuracy vs. Efficiency

The producer of an AEM may optionally report in coent lines the expected accuracy of
the attitude ephemeris. The user may then useathdétional information to smooth or
otherwise compress the data without affecting troeieacy of the attitude, but is not required
to utilize this information to successfully proceb® message. The AEM producer also
should strive to achieve not only the best accupmssible, taking into account prediction
errors, but also consider the efficiency of thetwde representation (e.g., step sizes of
fractional seconds between attitude ephemeris limg be necessary for precision scientific
reconstruction of an attitude, but may be excessigme cases).
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6 SECURITY

6.1 INTRODUCTION

This section presents the results of an analysisecfirity considerations applied to the
technologies specified in this Recommended Standard

6.2 SECURITY CONCERNSWITH RESPECT TO THISRECOMMENDED
STANDARD

6.2.1 DATA PRIVACY

Privacy of data formatted in compliance with theedfications of this Recommended
Standard should be assured by the systems and mistwa which this Recommended
Standard is implemented.

6.2.2 DATAINTEGRITY

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

6.2.3 AUTHENTICATION OF COMMUNICATING ENTITIES

Authentication of communicating entities involved the transport of data which complies

with the specifications of this Recommended Stashddrould be provided by the systems
and networks on which this Recommended Standandpemented.

6.24 DATA TRANSFER BETWEEN COMMUNICATING ENTITIES

The transfer of data formatted in compliance wiis tRecommended Standard between
communicating entities should be accomplished gmusee mechanisms approved by the IT
Security functionaries of exchange participants.

6.2.5 CONTROL OF ACCESS TO RESOURCES

This Recommended Standard assumes that controte$s to resources will be managed by
the systems upon which provider formatting andpiecit processing are performed.

6.26 AVAILABILITY OF RESOURCES

This Recommended Standard assumes an adequatabdiibf resources on the systems
on which provider formatting and recipient procagsare performed.
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6.27 AUDITING OF RESOURCE USAGE

This Recommended Standard assumes that auditiregofirce usage will be handled by the
management of systems and networks on which thisommended Standard is
implemented.

6.3 POTENTIAL THREATSAND ATTACK SCENARIOS

There are no known potential threats or attack ates that apply specifically to the

technologies specified in this Recommended StandRatential threats or attack scenarios
applicable to the systems and networks on whicts tRecommended Standard is
implemented should be addressed by the managenfetitose systems and networks.
Protection from unauthorized access is especiatigortant if the mission utilizes open

ground networks such as the Internet to providegostation connectivity for the exchange
of data formatted in compliance with this Recomnesh8tandard.

6.4 CONSEQUENCESOF NOT APPLYING STATED SECURITY TO THE
TECHNOLOGY

There are no known consequences of not applyingebarity to the technologies specified
in this Recommended Standard. The consequencest @pplying security to the systems
and networks on which this Recommended Standardpgemented could include potential
loss, corruption, and theft of data.

6.5 DATA SECURITY IMPLEMENTATION SPECIFICS

Specific information-security interoperability pisions that may apply between agencies
involved in an exchange of data formatted in coergle with this Recommended Standard
should be specified in an ICD.
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ANNEX A

IMPLEMENTATION CONFORMANCE
STATEMENT (ICS) PROFORMA

(NORMATIVE)

Al INTRODUCTION

All OVERVIEW

This_annex provides the Implementation Conforma@tement (ICS) Requirements Ligt
(RL) for an implementation of [Specification]. ThES for an implementation is generated
by completing the RL in accordance with the indinms below. An implementatior
claiming conformance must satisfy the mandatoryirements referenced in the RL.

Al2 ABBREVIATIONSAND CONVENTIONS

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

Item Column

The item column contains sequential numbers fonste the table.

Feature Column

The feature column contains a brief descriptive e@dar a feature. It implicitly means “I9
this feature supported by the implementation?”

Status Column

The status column uses the following notations:

- M mandatory;
- 0 optional;

- C conditional;
- X prohibited;

— 1 out of scope;

— N/A not applicable.
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Support Column Symbols

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

Y Yes, supported by the implementation.

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

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

Al3 INSTRUCTIONSFOR COMPLETING THE RL

An_implementer shows the extent of compliance te fRecommended Standard by
completing the RL; that is, the state of compliandt all mandatory requirements and the
options supported are shown. The resulting comglBie is called an ICS. The implementer

shall complete the RL by entering appropriate rasps in the support or values supported
column, using the notation describedAm.2. If a conditional requirement is inapplicable,

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

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

A2 1CSPROFORMA FOR [SPECIFICATION]

A2.1 GENERAL INFORMATION

A2.1.1 Identification of ICS

Date of Statement (DD/MM/YYYY)

ICS serial number

System Conformance statement
cross-reference

A2.1.2 ldentification of I mplementation Under Test

Implementation Name

Implementation Version

Special Configuration

Other Information
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A2.1.3 ldentification of Supplier

Supplier

Contact Point for Queries

Implementation Name(s) and Versions

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

System Name(s)

A2.1.4 ldentification of Specification

[CCSDS Document Number]

Have any exceptions been required? Yes No

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.

A22 REQUIREMENTSLIST

[See CCSDS A20.1-Y-1CCSDS Implementation Conformance Statemérgdiow Book,
Issue 1, April 2014).]
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ANNEX-AANNEX B
VALUESFOR SELECTED KEYWORDS

(NORMATIVE)
A1B1 OVERVIEW ‘

The values in this annex represent the acceptahligey for selected keywords. Each
keyword'’s values delineated here are presentlireedan APM or AEM message. For details
and descriptions of the keyword interpretations, tbader is directed to reference [H4]. If
exchange partners wish to use different settirges; $hould be documented in an ICD.

A2B2 TIME_SYSTEM METADATA KEYWORD

GMST Greenwich Mean Sidereal Time
GPS Global Positioning System
MET Mission Elapsed Time

MRT Mission Relative Time

SCLK Spacecraft Clock (receiver)
TAI International Atomic Time
TCB Barycentric Coordinated Time
TDB Barycentric Dynamical Time
T Terrestrial Time

UT1 Universal Time

uTC Coordinated Universal Time

Note that if MET or MRT are chosen as the TIME_S¥M, then the epoch of either the
start of the mission for MET, or of the event foRW, should either be given in a comment
in the message, or provided in an ICD. The timeesysfor the start of the mission or the
event should also be provided in the comment ol@i2 If these values are used for the
TIME_SYSTEM, then the times given in the file demat duration from the mission start or
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event. However, for clarity, an ICD should be usedully specify the interpretation of the
times if these values are to be used. Note theatithe format should only utilize three digit
days from the MET or MRT epoch, not months and ddytie months.

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

A3B3 INERTIAL AND LOCAL ORBITAL FRAME KEYWORD VALUES
The following table enumerates the allowable keysdor inertial frames that can be used by

ADM messages. They are valid for keywords: Q_FRAN EULER_FRAME_*, and
SPIN_FRAME_*in an APM, and REF_FRAME_* in an AEMthere *' denotes ‘A’ or ‘B’.

Keyword Value M eaning/Description

EME2000 Earth Mean Equator and Equinox of J2000

GTOD Greenwich True of Date

ICRF International Celestial Reference Frame

ITRF2000 International Terrestrial Reference Fradeo

ITRF-93 International Terrestrial Reference Frara83l

ITRF-97 International Terrestrial Reference Frard@7L

ITRF International Terrestrial Reference Frame

ITRFyyyy International Terrestrial Reference Frame assatiatgear yyyy

J2000 Earth Mean Equator and Equinox of J2000

LVLH Local Vertical Local Horizontal

RTN, QSW Radial, Transverse, Normal Orbital Frame

TOD True of Date

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

RSW Relative OrbiF Frgme desc_ribing the relative motiéitwo satellites
(Clohessy-Wiltshire Equations)
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A4B4 L OCAL SPACECRAFT BODY REFERENCE FRAMES

The following table enumerates the allowed values the keyword Q_FRAME_*,
EULER_FRAME_* SPIN_FRAME_* in the APM and REF_FRAME in the AEM
messages, where *' denotes ‘A’ or ‘B’. These fiesmwill vary from object to object, but

provide a mechanism of denoting different referefnames than the object's BODY axes to
specify an orientation. It is the responsibilifitiee end user to have an understanding of the

location of these frames for their particular objégpically via an ICD.

Actuator reference frame (X’ =-89): could denote reaction wheels

ACTUATOR x solar arrays, thrusters, etc.

CSS_xy Coarse Sun Sensor (‘X' =9, 'y’ = 0—9)
DSS_x Digital Sun Sensor (‘x’ =89)

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

INSTRUMENT y

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

SC_BODY_x Spacecraft Body Frame (‘X' =®)
SC_BODY_y Spacecraft Body Frame of another objgtt(A —2Z)
SENSOR_x Sensor ‘X’ reference frame (‘'x’ =&, 0—9)

STARTRACKER_Xx

Star Tracker Reference Frame (‘'x'=9)

TAM_ X

Three Axis Magnetometer Reference Frame £%-9)
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ANNEX C

CONVENTIONSFOR ADM DATA

dNORM ATI VEb - *{Commentaire[LAZZ]: Normative or not ?
B TBD

Cl OVERVIEW

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

C2 QUATERNIONS

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

The quaternion is defined by four components:

gl = sin@/2) * ax
g2 = sinf/2) * ay
g3 =sinf/2) * az
gc = cos@/2)

Where:

a is the rotation angle,

ax, ay and az are the coordinates of the rotatiania either frame A or frame B.

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

Let X5 be the coordinates of some vector in frame A, dgdhe coordinates of the same
vector in frame B.

The frame transformation matrix M from frame A tarhe B is defined by:

XEZM*XA
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M can be written as a function of the quaterniomponents as:

- —-a3+a: 2(q1q2+9390) 2(91 93 — 92 9¢)
M=12(q10:-939:) —9i+495—-a5+q¢ 20293+ q14c)
2(193+9200) 2(q293—q19c)  —qi — a5 + 45 + q2

The real component of the quaternion shall be pesit

C3 EULERANGLES

The Euler angles called "from frame A to frame B'the rotation around the successive axes
al, a2, a3 are defined as the angles of the 3 ssiues rotations around ax@k, 6 2, 63 that
transforms the basis vectors of frame A into theidsectors of frame B, that is to say that
the basis vectors of frame B are the respectivgémaf the basis vectors of frame A by the
three successive rotations.

Example :

Let's consider the 3 successive rotations aroures @d=X, a2=Y, a3=Z of respecti\
anglesbl, 6 2, 63.

[¢)

Let's define the frame transformation matrix M frfnrame A to frame B such that :

XEZM*XA

B

where X _denotes the coordinates of some vector in framanél, X the coordinates of thd
same vector in frame B.

Then we have :

cosf; sinf; 0] [cosf, 0 —sinb,] 1 0 0
M =|—sinf; cosO, Ol [ 0 1 0 l . ’0 cosf, sin@ll
0 0 11 Isinf, 0 cos6, 0 —sinf; cosH,

C4 ANGULARVELOCITY VECTOR

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

The components can be defined either in Frame ffaore B.
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C5 SPINDATA

The spin data describe enable the user of the ges$saropagate the attitude of an object
using a simp)lified model.

The spin data from frame A to frame B are definedotlows:

The spin axis is the Z axis frame B.

The initial attitude is defined as the result abgations of respective angles spin_alpha,
spin_delta, spin_angle around the successive gxXésZstating from frame A.

Nutation _angle is the angle between the spin adstlae anglar momentum.

Nutation phase describe the initial orientatiorhef spin axis in his motion around the
angular momentum vector.

The following assumtion is assumed:

The angular momentum vector has components inrdmesf B: alpha, delta

Pi/2 - delta is the nutation angle

B { Commentaire [L A23]: Not updated. >Do

Alpha - pi is the offset and||e not pay attention to details.

C6 INERTIA DATA

Inertia data consist of :

- Moments of inertia (diagonal terms)

- Inertial cross products

111 112 113
I =(121=1]12 122 123
131 =113 1[32=123 133

The cross product terms are negative.

The inertia matrix is defined relative to a part@cdrame (defined by its axis and origin).
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ANNEX D

LIST OF CHANGESVERSUSADM VERSION 1

(INFORMATIVE)

The present section gives the main changes bethviedh1.0 and ADM 2.

Changes relative to APM :

Number Description See section

1 A new keyword has been added : CONTENTS.

2 The "Q DIR" keyword is now optional.

3 The quaternion block is now optional.

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

5 The meaning of quaternion, Euler angles, spin dmfa
now clearly defined by the standard. Any change$ in
meaning with repect to the standard should be lddtai
an ICD.

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

7 The logical block "Euler angles" now contains angle
derivatives rather than components of the andular
velocity vector.

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

9 The keywords for the moments of inertia have chdnge
IXX instead of 112, etc...
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Changes relative to AEM :

Number Description See section

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

IN

A new value has been introduced for the
"ATTITUDE TYPE" keyword :
EULER ANGLE/DERIVATIVE
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ANNEXBANNEX E
RATIONALE FOR ATTITUDE DATA MESSAGES

(INFORMATIVE)
B1E1 OVERVIEW ‘

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

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

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

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

c) Desirable Characteristics: These are not requingsnebut they are felt to be
important or useful features of the Recommendeddaial.
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B2E2 PRIMARY REQUIREMENTSACCEPTED BY THE ATTITUDE DATA

MESSAGES

TableE-1: Primary Requirements

Accepted | Accepted
Requirement for APM? | for AEM?

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

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

Accepted | Accepted
Requirement for APM? | for AEM?
A complete attitude ephemeris, not subject to irggn or propagation b N Y
the customer, must be provided.
The standard is, or includes, an ASCII format. Y Y
The standard does not require software supplieattosr agencies. Y Y
Table E-3: Desirable Characteristics
Accepted | Accepted
Requirement for APM? | for AEM?
The standard applies to non-traditional objectsshsas landers, rovers, Y Y
balloons, and natural bodies (asteroids, comets).
The standard allows attitude states to be providedher than the traditional Y Y
EME2000 inertial reference frame; one example ig timternational
Astronomical Union (IAU) Mars body-fixed frame. n(lsuch a case,
provision or ready availability of supplemental armhation needed t
transform data into a standard frame must be aedhhg
The standard is extensible with no disruption tisting users or uses. Y Y
The standard is consistent with, and ideally a p§rattitude products ang N N
processes used for other space science purposes.
The standard is as consistent as reasonable wjthedated CCSDS attitude Y Y
standards used for earth-to-spacecraft or spatdorapacecraft
applications.
The standard allows for the specification of theumacy of the attitudg Y Y
solution.

CCSDS 504.0-B-1 Page E-3

May 2008




CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

B3E3 APPLICABILITY OF CRITERIA TO MESSAGE OPTIONS

The selection of one particular message will depamthe optimization criteria in the given
application. Table E-4 compares the two recommeéndessages in terms of the relevant
selection criteria identified by the CCSDS:

Table E-4: Applicability of the Criteria to Attitude Data M essages

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

B4E4 SERVICESRELATED TO THE DIFFERENT ATTITUDE DATA MESSAGE
FORMATS

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

Both attitude data messages provide for recognittiegpoundaries of the attitude data fields
and thus can transfer each field, as a block, tthen location. The different services that
can be achieved without special arrangements batwsers of the CCSDS attitude data
messages are listed in table E-5.

Table E-5: Services Availablewith Attitude Data M essages

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

(INFORMATIVE)

In several places in this document there are neée®to items which should be specified in
an ICD between agencies participating in an excharigattitude data. The ICD should be
jointly produced by both agencies participatingaincross-support activity involving the

transfer of attitude data. This annex compiles¢hecommendations into a single tist.

TableF-1: Items Recommended for an ICD

Section
ICD Item Trace
1 | ADM and AEM file naming conventions. 3.14
413
2 | Method of exchanging ADMs (transmission). 1.2.2
314
413
3 | Definition of attitude accuracy requirements gieing to data in an ADM  1.2.1
as well as attitude dynamics modeling. 3.1.2
5.8.2.2
4 | Specific APM and/or AEM version numbers that Wil exchanged. 3.26.1
4261
5 | Format on values used for the ‘ORIGINATOR’ keyaor table 3-1
table 4-2
6 | Values used for the ‘OBJECT_ID’ keyword for casdmen the value is table 3-2
not published in the SPACEWARN Bulletin (refereii2h. table 4-3
7 | Values and definition of the ‘Q_FRAME_*, ‘EULERRRAME_*', 1.1.1.1.1,
‘SPIN_FRAME_*, or ‘REF_FRAME_* keywords to be esl in ADM tables 3-3
exchanges, if the value is not given in annex B. and 4-3
8 | Values and definition of the ‘SPIN_FRAME_* keywbif they are going] 1.1.1.1
to be used in ADM exchanges, as well as the coreffir values of the
‘SPIN_ANGLE’ keyword if not expressed in refererje#].

! The greater the amount of material specified @®, the lesser the utility/benefit of the ADM (cost
programming will be required to tailor software fach ICD).
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Section
ICD Item Trace
9 | If floating-point numbers in extended-single atemded-double precision  5.6.5
are to be used, then discussion of implementapetific attributes is
required.
10 | Information which must appear in comments for aiveig ADM 5.8.1.3
exchange.
11 | Whether the format of the ADM will be KVN or XML 1.2.3
12 | A reference orientation should be specified in@D If a body-fixed 11111
frame is to be used for the specification of Ealegles. For instance, 11111
demonstrating the alignment of the body axes vighldcal orbit frame of
an inertial frame that gives a context to interpinet Euler angle data.
13 | lthe-angle-units-will be radians{outside-thendrd)this-mustbe 561 | - Commentaire[LA24]: Units must be
spee'f-ied inthelcb. 1 degrees. Other units are not allowed by the
: standard as too risky.
14 | Provisions that are made to ensure informationrigcu 6
15 | Values used for those keywords listed in annex Brwthose values are
different from those given in annex B.
16 | Specification of interpretation of MET, MRT and SICLif to be B2
exchanged, and how to transform it to a standadldinee system such as
UTC, TAI, etc. An ICD should specify that elapstays are to be used
for epochs, with year starting at zero.
17 | Exact specification of reference frames used insagss, if different from B4
those specified in annex B.
1 XML implementation awaiting approval as a standard
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ASCII American Standard Code for Information Inteange

ADM Attitude Data Message

AEM Attitude Ephemeris Message

APM Attitude Parameter Message

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

IAU International Astronomical Union

ICD Interface Control Document

ICRF International Celestial Reference Frame

IEC International Electrotechnical Commission

ISO International Organization for Standardization

ITRF International Terrestrial Reference Frame

KVN Keyword = Value Notation

LVLH Local Vertical Local Horizontal

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

OEM Orbit Ephemeris Message

OPM Orbit Parameter Message

TAI International Atomic Time

TCB Barycentric Coordinated Time

TDB Barycentric Dynamical Time

TDM Tracking Data Message

TOD True Equator and Equinox of Date

TT Terrestrial Dynamical Time

uTC Coordinated Universal Time

XML eXtensible Markup Language
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ANNEX-EANNEX H
INFORMATIVE REFERENCES

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

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

[H3] Procedures Manual for the Consultative CommitteeSjpace Data System€£CSDS
A00.0-Y-9. Yellow Book. Issue 9. Washington, D.CCCSDS, November 2003.

[H4] Navigation Data—Definitions and ConventionsReport Concerning Space Data
System Standards, CCSDS 500.0-G-2. Green Bookuel®2. Washington, D.C.:
CCSDS, November 2005.

NOTE — Normative references are provided in 1.5.
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ANNEX |

SECURITY, SANA, AND PATENT CONSIDERATIONS

(INFORMATIVE)

Al SECURITY CONSIDERATIONS

All ANALYSISOF SECURITY CONSIDERATIONS

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

Al2 CONSEQUENCESOF NOT APPLYING SECURITY TO THE
TECHNOLOGY

The consequences of not applying security to thetesys and networks on which this
Recommended Standard is implemented could inclotEnpal loss, corruption, and theft of
data. Because these messages are used in colisimidance analyses and potential
maneuvers, the consequences of not applying sgetarihe systems and networks on which
this Recommended Standard is implemented couldudeclcompromise or loss of the
mission if malicious tampering of a particularlweee nature occurs.

Al3 POTENTIAL THREATSAND ATTACK SCENARIOS

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

Al4 DATA PRIVACY

Privacy of data formatted in compliance with theedfications of this Recommended
Standard should be assured by the systems and nketwo which this Recommended
Standard is implemented.
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Al5 DATA INTEGRITY

Integrity of data formatted in compliance with tkpecifications of this Recommendsg
Standard should be assured by the systems and rketwa which this Recommende
Standard is implemented.

Al6 AUTHENTICATION OF COMMUNICATING ENTITIES

Authentication of communicating entities involved the transport of data which complid
with the specifications of this Recommended Stashddmould be provided by the systen
and networks on which this Recommended Standandpemented.

Al7 DATA TRANSFER BETWEEN COMMUNICATING ENTITIES

The transfer of data formatted in compliance wtis tRecommended Standard betwe
communicating entities should be accomplished @euse mechanisms approved by ft
Information Technology Security functionaries otbange participants.

A1l.8 CONTROL OF ACCESSTO RESOURCES

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

A1l9 AUDITING OF RESOURCE USAGE

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

A1.10 UNAUTHORIZED ACCESS

en
he

=

ks

Unauthorized access to the programs/processesgémdrate and interpret the messages

should be prohibited in order to minimize potentimkats and attack scenarios.

Al1.11 DATA SECURITY IMPLEMENTATION SPECIFICS

Specific_information-security interoperability piswns that may apply between agenc
and other independent users involved in an exchahgeta formatted in compliance wit|
this Recommended Standard could be specified I€Bn

A2 SANA CONSIDERATIONS
The following PRM related items will be registengidh the SANA Operator. The

registration rule for new entries in the regisgyhe approval of new requests by the CCSI
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Navigation Working Group chair. New requests fas tiegistry should be sent to SANA
(mailto:info@sanareqistry.org).

¢ The PRM XML schema;

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

¢ Values for the keywords ORIGINATOR and CATALOG NAMand

* Alist of options for the COLLISION PROBABILITY MEROD keyword.

A3 PATENT CONSIDERATIONS

The recommendations of this document have no p&sms.
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