H==aCSDhSsS
The Consultative Committee for Space Data Systems

Recommendation for Space Data System Standards

ATTITUDE DATA
MESSAGES

RECOMMENDED STANDARD
CCSDS 504.0-P-1.116CSbS-504-0-P-1-10

PROPOSED PINK BOOK
March 2021J3uhy2020







CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

AUTHORITY
Issue: Recommended Standard, Issue 1
Date: March 202 13uhy-2020

Location: Washington, DC, USA

This document has been approved for publicatiotheyManagement Council of the
Consultative Committee for SpacBata Systems (CCSDS) and represents the
consensus technical agreement of the participgi@$DS Member Agencies. The
procedure for review and authorization of CCSDSdRemendations is detailed in the
Procedures Manual for the Consultative Committe&Sfzace Data Systenigference
Ref. [I1}#4}), and the record of Agency participation in thehauzation of this
document can be obtained from the CCSDS Secretdrihe address below.

This document is published and maintained by:

CCSDS Secretariat

Space Communications and Navigation Office, 7L70
Space Operations Mission Directorate

NASA Headquarters

Washington, DC 20546-0001, USA

CCSDS 504.0-P-1.31cCcSbS-504-0-P-1.10Page i March 20233uhy-2620




CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

STATEMENT OF INTENT

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

This Recommended Standardis issued by, and represents the consensus of, the
CCSDS members. Endorsement of tiecommendationis entirely voluntary.
Endorsement, however, indicates the following ust@erdings:

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

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

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

o Specific service arrangements shall be made wmonanda of agreement.
Neither thisRecommended Standarahor any ensuingtandard is a substitute
for a memorandum of agreement.

No later than five years from its date of issuartbis Recommended Standardwill

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

In those instances when a new versionReaommended Standards issued, existing
CCSDS-related member standards and implementaiensot negated or deemed to
be non-CCSDS compatible. It is the responsibilitgach member to determine when
such standards or implementations are to be mddifiach member is, however,
strongly encouraged to direct planning for its ngtandards and implementations
towards the later version of the Recommended Stdnda
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FOREWORD

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

This Recommended Standard establishes a commorevirark and provides a
common basis for the interchange of attitude ddtaallows implementing
organizations within each Agency to proceed cohbremith the development of
compatible derived standards for the flight andug systems that are within their
cognizance. Derived Agency standards may impleroeht a subset of the optional
features allowed by the Recommended Standard arydimoarporate features not
addressed by this Recommended Standard.

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

Current versions of CCSDS documents are maintaahéte CCSDS Web site:

http://www.ccsds.org/

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

1.1.1 This Attitude Data Message (ADM) Recommended Stahdpecifies three standard
message formats for use in transferring spaceattéfide information between space agencies
and commercial or governmental spacecraft operdtoesAttitude Parameter Message (APM), the
Attitude Ephemeris Message (AEM), and the Attit@enprehensive Message (ACM). Such
exchanges are used for:

— preflight planning for attitude estimation support;

— scheduling attitude and data processing support;

— carrying out attitude operations;

— performing attitude comparisons;

— carrying out attitude propagations and/or sensediptions;

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

1.1.2 This Recommended Standard includes sets of regemmsmand criteria that the
message formats have been designed to meet. Huareyes where these requirements do not
capture the needs of the participating agenciethan mechanismay carbe selected. |

1.2 SCOPE AND APPLICABILITY

1.2.1 This document contains three attitude data messdgegned for applications
involving data interchange in space data systerhs. rationale behind the design of each
message is described in ANNEX F amdvy- canhelp the application engineer to select a |
suitable message. Applicability information speectb each Attitude Data Message format

appears in sectiorsthrough 53,-4and-5as well as in annex subsection B&finition of the ‘
attitude accuracy underlying a particular attitude message is outside of the scope of

this Recommended Standard and sheuld—can be specified via Interface Control ‘
Document (ICD) between data exchange participants.

1.2.2 This Recommended Standard is applicable only tonsesage format and content, but

not to its transmission. The transm|SS|on of thssage between agencies is outside the scope
of thls documentne ‘

1.2.3 Description of the message formats based on theotighe eXtensible Markup
Language (XML) is available (s&=ection 66). |
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1231.2.4 The format to be exchanged (Keyword Value Nota(iKi'N) or XML) is
subject to agreement between exchange partnersivgeshould-specify~viatcbthe-ASCII

1.3 CONVENTIONS AND DEFINITIONS

1.3.1 The following conventions apply throughout this Beenended Standard:
a) the words ‘shall’ and ‘must’ imply a binding andrifi@ble specification;
b) the word ‘should’ implies an optional, but desigldpecification;
c) the word ‘may’ implies an optional specificatiomda
eé)—the words ‘is’, ‘are’, and ‘will’ imply statements fact.
d)

1.3.2 _As in some attitude dynamics references, in thudeent the term “nutation” is used
to mean the motion of the spin axis of a body alaouinertial axis. In many other references
this motion is called “precession”.

1.4 STRUCTURE OF THIS DOCUMENT

1.4.1 Section 2 provides a brief overview of the CCSD&memended Attitude Data
Message types, the Attitude Parameter Message (ARM)Attitude Ephemeris Message
(AEM), and the Attitude Comprehensive Message (ACM)

1.4.2 Section33 provides details about the structure and contetitecAPM.
1.4.3 Sectiond4 provides details about the structure and contetitebAEM.
1.4.4 Section55 provides details about the structure and contetiteoACM.
1.4.5 Section66 provides details about constructing an ADM/XMLtarsce.
1.4.6 Section 7 provides details about ADM KVN syntax.

LA Ceeter doenpdee e oo D AP L o

1.4.81.4.7 ANNEX A provides the Implementation Conformance t&taent (ICS)
requirements list.

1.4.91.4.8  ANNEX B provides a list of approved values for s¢del keywords in the ADM
metadata and data sections.

1.4101.4.9 ANNEX C details the conventions relative to ADM daised in this document.

14.311.4.10 ANNEX D shows examples of ADM messages.
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1.4121.4.11 ANNEX E gives a summary of changes between ADMivess1 and 2.

1.4.131.4.12 ANNEX F lists a set of requirements that were takea consideration in the
design of the APM, AEM, and ACM, along with tablesd discussion regarding the
applicability of the three message types to varetitude estimation tasks and functions.

1.4.141.4.13 ANNEX G lists a number of itenisatshoeuld-be-coveredto courlCDs prior

to exchanging ADMs on a regular basis. There areraéstatements throughout the document
that refer to the desirability or necessity of saahocument; this annex lists all the suggested
ICD items in a single place in the document.

1.4.-151.4.14 ANNEX H is a list of abbreviations and acronyms laggble to the ADM.
1.4.161.4.15 ANNEX | is a list of informative references.

1.41471.4.16_ ANNEX J is relative to security, SANA, and pateatssiderations.

1.5 REFERENCES

The following documents contain provisions whidirough reference in this text, constitute
provisions of this Recommended Standard. At the tihpublication, the editions indicated
were valid. All documents are subject to revisiang users of this Recommended Standard
are encouraged to investigate the possibility gflyapg the most recent editions of the
documents indicated below. The CCSDS Secretariattaias a register of currently valid
CCSDS Recommended Standards.
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2. OVERVIEW
2.1 ATTITUDE DATA MESSAGE TYPES

2.1.1 Three CCSDS-recommended Attitude Data Messages @Ldve described in this
Recommended Standard: the Attitude Parameter Mesgs@M), the Attitude Ephemeris
Message (AEM), and the Attitude Comprehensive MgsgACM).

2.1.2 The recommended attitude data messages are ASCibtenat. While binary-based
attitude data message formats are computer efficeemd minimize overhead on
uplinked/downlinked data streams, there are graeginent applications for which an ASCII
character-based message is more appropriate. Bonpdx, when files or data objects are
created using text editors or word processors, ASGaracter-based attitude data format
representations are necessary. They are also useftlansferring text files between
heterogeneous computing systems, because the AB&Hcter set is nearly universally used
and is interpretable by all popular systems. Initamlg direct human-readable downloads of
text files or objects to displays or printers aosgble without preprocessing. The penalty for
this convenience is inefficiency.

2.1.3 As currently specified, an APM, AEM, or ACM file te represent attitude data for a
single vehicle.

2.2 ATTITUDE PARAMETER MESSAGE (APM)

2.2.1 An APM specifies the attitude state of a singleecbgt a specified epoch. This message
is suited to inter-agency exchanges that (1) inrvadwtomated interaction and/or human
interaction, and (2) do not require high-fidelityndmic modelingEfor high-fidelity dynamic
modeling, see 2.3, Attitude Ephemeris Message—2a#id 2.4 Attitude Comprehensive
Message

2.2.2 The APM requires the use of a propagation techniguketermine the attitude state at
times different from the specified epoch, leadingat higher level of effort for software
implementation than for the AEM. When inertial frasnare 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 accoregaby a corresponding Orbit Data

Messagergference Ref. [6]{9]

2.2.3 The APM allows for modeling of any number of finiteaneuvers.

2.2.4 The attributes of the APM also make it suitabledpplications such as exchanges by
FAX or voice, or applications where the messagde I frequently interpreted by humans.

2.3 ATTITUDE EPHEMERIS MESSAGE (AEM)

2.3.1 An AEM specifies the attitude state of a singleegbjat multiple epochs, contained
within a specified time range. The AEM is suitedriter-agency exchanges that (1) involve
automated interaction (e.g., computer-to-compu@mraunication where frequent, fast,
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automated time interpretation and processing ayeined), and (2) require higher fidelity or
higher precision dynamic modeling than is possvaild 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 AEMireguhe use of an interpolation technique
to interpret the attitude state at times diffeffeoitn 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 orbitdémence frames are specified, then an AEM
must be used in conjunction with an Orbit Data Mgssteference Ref. [6}{§]

2.4 ATTITUDE COMPREHENSIVE MESSAGE (ACM)

2.4.1 An ACM specifies the attitude state of a singleegbjat multiple epochs, contained
within a specified time range. The ACM aggregates extends APM and AEM content in a
single comprehensive hybrid message and offerfotlosving capabilities:

- Optional rate data elements

- Optional spacecraft physical properties

- Optional covariance matrix

- Optional maneuver parameters

- - Optional estimator information

2.4.2 The ACM is well-suited for inter-agency exchangésatt(l) involve automated
interaction (e.g., computer-to-computer communacatvhere frequent, fast, automated time
interpretation and processing are required), ahde@uire more detailed information such as
estimator type, additional estimator states (gyg9 bias), sensor details, and covariance data.

2.4.3 The ACM is fully self-contained; no additional imfoation is required when inertial
reference frames are specified. If local orbitéémence frames are specified, then an ACM
must be used in conjunction with an Orbit Data Messfeference Ref. [6}{9]

2.5 EXCHANGE OF MULTIPLE MESSAGES

2.5.1 For a given object, multiple APM, AEM, or ACM meggsmay carbe provided in a
message exchange session to achieve attitudeyidsguirements. If attitude information for
multiple objects is to be exchanged, then multhRM, AEM, or ACM filesmustbe-usedare
necessary
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2.6 DEFINITIONS

2.6.1 Definitions of time systems, reference frames,tiat8® estimation and prediction
methods and models are providedaferenece Ref. [I12}1H2]
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3. ATTITUDE PARAMETER MESSAGE (APM)
3.1 OVERVIEW

3.1.1 Attitude information may be exchanged between twastipipants by sending the
attitude state (seeeference Ref. [I2}H2)] for a specified epoch using an Attitude Parameter |
Message (APM). The message recipient must havéiarda propagator available that is able
to propagate the APM state to compute the estinattédde at other desired epochs. For this
propagation, additional ancillary information (spa@ft properties such as inertia matrix,
torque vectors, reaction wheel data, other data fromentum exchange devicesgneuver
planning data, if applicable) shall be includedwhe message.

3.1.2 The use of the APM shall be applicable under tileviang conditions:
- Attitude states at specific times have to be exghdr{no propagation is required at the
receiver’s location).
- Attitude states at other times desired by the reotghave to be exchanged. In this case
a propagator including a precise enough modelingetynamics has to be available
at the receiver’s location.

3.1.3 The APM shall be a text file consisting of attitudkga for a single object.

3.1.4 The APM f|Ie namlnq scheme should be mutually ambetween messaqe exchange

3.1.5 -The method of exchanging APMs should be mutualiyeed between message
exchange partners.

an

3.2 APM CONTENT

3.2.1 GENERAL

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

d) data.

3.2.2 APM HEADER
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3.2.2.1 The header shall provide a CCSDS Attitude Data Bigsyersion number that
identifies the format version; this is includedataticipate future changes. The version
keyword shall be CCSDS_APM_VERS and the value s$tealk 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 reserved foiritial version accepted by the CCSDS
as an official Recommended Standard (‘Blue Book&sting shall be conducted using APM
version numbers less than 1.0 (e.g., 0.x). Padtirig agencies should specify in the ICD the
specific APM version numbers they will support.

3.2.2.2 The header shall include the CREATION_DATE keywwith the value set to the
Coordinated Universal Time (UTC) when the file veasated, formatted according to
reference Ref. [3]{3}1 ASCII Time Code A or BA description of APM header keywords and
values is provided intable3-13-1

3.2.2.3 The first header line shall be the first non-bléink in the file.
3.2.2.4 Table3-13-1specifies for each header item:
a) the keyword to be used,
b) a short description of the item;
c) whether the values are normative (N) values orguainples (E);
d) values (either the list of all normative valuesgamples);

e) whether the item is mandatofiyl) or optional(O).

3.2.2.5 Only those keywords shown irtable3-13-1shall be used in an APM header.

Table 3-1: APM Header

N/E Man
Keyword Description Values
yMm/
O
CCSDS_APM VERS | Format version in the form of ‘x.y’, where 'y’ is N | 2.0 YesM

incremented for corrections and minor changes, gnd
‘X’ is incremented for major changes.

COMMENT Comments (allowed at the beginning of the APM| E | This is a comment NeO
Header after the APM version number). Each
comment line shall begin with this keyword.

CREATI ON_DATE File creation date/time in UTC. E 2001-11- YesM
For format specification, see 7.7. 06T11:17: 33
2001-101T11:17: 33

ORI G NATOR Creating agency. E CNES YesM
The value for the "ORIGINATOR" keyword should ESCC
comre from the 'Abbreviation' column in tt GSFC
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'Organizations’ registry of the SANA Registry GSCC
(https://sanaregistry.org/r/organizations). JPL
JAXA
O her agency
MESSAGE | D ID that uniquely identifies a message from a given 201113719185 NoeO
originator. The format and content of the message ABC-12_
identifier value are at the discretion of the 34
originator.

3.2.3 APM METADATA

3.2.3.1 Table3-23-2specifies for each metadata item:

a) the keyword to be used;

b) a short description of the item;

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

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

e) whether the item is mandatofiyl) or optional(O).

3.2.3.2 Only those keywords shown in talde€?3-2shall be used in APM metadata. For
some keywords (OBJECT_NAME, OBJECT_ID, CENTER_NAME®re are no definitive
lists of authorized values maintained by a cordrghority; the references listed in 1.5 and
annex | are the best known sources for authoriaduee to date.

Table 3-2: APM Metadata

N/E Man
o dato
Keyword Description Values M/
]
COMVENT Comments (allowed only at the beginning of the | E This is a comment NeO
APM Metadata before OBJECT_NAME). Each
comment line shall begin with this keywc
OBJECT_NAME Spacecraft name of the object corresponding to theE EUTELSAT W1 YesM
attitude data to be given. There is no CCSDS-based MARS PATHFINDER
restriction on the value for this keyword, buit i
recommended to use names from the UN Office pf
Outer Space Affairs (Ref. [2]).
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OBJECT I D

Spacecraft identifier of the object correspondimg
the attitude data to be given. While there is no
CCSDS-based restriction on the value for this
keyword, it is recommended to use international
designators from the UN Office of Outer Space
Affairs (Ref. [2]).

Recommended 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).

At least one letter for the identificatior
of the part brought into space by the
launch.

In cases where the asset is not listed in Reftiig],
UN Office of Outer Space Affairs designator inde
format is not used, or the content cannot be

P{PP}

disclosed, the value should be set to UNKNOWN.

I E

2000-052A

YesM

CENTER NANME

Celestial body orbited by the objesid-crigin-of
the reference framavhich may be a natural solar
system body (planets, asteroids, comets, and hal
satellites), including any planet barycenter or the
solar system barycenterhe set of allowed values
is described IANNEX BANNEXB, S;-S=ctionB8
B8.Thevalueshould-be takenfrom-the-orbitcent
column-in-the SANA orbit centers registry at
bitecsllornacnastncoreelorbl conters

fura

er

EARTH
EARTHBARYCENTER
MOON

TI ME_SYSTEM

Time system used for attitude and maneuver dat
The set of allowed values is described in ANNEX
B, Ssection B2.

a E

uTC
TAI

YesM

3.2.4 APM DATA

3.2.4.1 Table3-33-3provides an overview of the six logical blockshe APM Data
section (attitude quaternion, attitude Euler angl@gular velocity data, spin data, spacecraft

inertia parameters, maneuver parameters), andfigseicir each data item:

a) the keyword to be used;

b) a short description of the item;

c) whether the values are normative values (N) orguamples (Ethe data type (R: real,

S: string; |: integer, E: epoth

d) the values/units (either the list of all normativalues or examples, or units if

applicable);

e) whether the item is mandatofiyl) or optional(O).
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3.2.4.2 Only those keywords shown fableTable3-33-3shall be used in APM data. Some
remarks concerning the keywordstéisle Table3-33-3appear immediately after the table.

3.2.4.3 The APM message shall contain at least one logicak.
3.2.4.4 Any particular type of block may be repeated sdvarees.

3.2.4.5 All data, except for the maneuveresdatashall be relative to the same epoch.

Table 3-3: APM Data

o
I Type | ValdesU | datoer
Keyword Description N/E nit M/
)
COMVENT One or more comment line(s). Each comment lind shal | n/aE | n/aTFhisis| NeO
begin with this keyword. a
comment
EPCCH Epoch of the attitude elements and optional logiatks. EE 200 YesM
For format specification, see 7.7. 11—
Lo
733
n/s
Block: Attitude Quaternion
All mandatory elements are to be provided if ttacklis present.
See ANNEX C for conventions and further detail.
QUAT_START Indicator of start of data block n/anfa n/a YesM
COMVENT One or more comment line(s). Each comment lind shal | n/aE | n/aTFhisis| NeO
begin with this keyword. a
comment
REF _FRAME_A Name of the reference frame that defines the stapoint SE n/a YesM
of the transformation. ICRF
The set of allowed values is described in ANNEX B, INSTRY
S<ection B3. MENT-A
REF_FRAME B Name of the reference frame that defines the eimt pb SE n/a YesM
the transformation. The set of allowed values scdbed SC_BOD
in ANNEX B, S<ection B3. ¥_—l
SAREER
Sd=R
Q e * sin(@2) Rn/a | plfadimens| ¥esM
@ = rotation angl, el = 1st component of rotation ¢ ionles:nfa
Q2 e * sin(@2) Rnla | dimension| ¥YesM
@ = rotation angle, e2 = 2nd component of rotatixis a less-nfan/a
(0¢ € * sin(@'2) Rnala | dimension| ¥esM
@ = rotation angl, e3 = 3rd component of rotation les¢ pfanta
C cos('2) Rnfa | dimension| ¥esM
@ = rotation angle less-rfan/al
QL_DOr Time cerivative of 1 Rn/la 1/c NeO
Q_DOor Time cerivative of Rnfa 1/s ONeo
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Man

. Type | ValuesU | dater

Keyword Description N/E nit M/
O]

@B_DOor Time cerivative of (3 Rn/s 1/s ONe

QC_DOr Time derivative of Q Rnfa 1/s ONe

QUAT_STOP Indicator of end of data block n/anfa n/a YesM

Block: Euler angle elements

All mandatory elements of the logical block arééoprovided if the block is present.

See ANNEX C for conventions and further detail.

EULER START Indicator of start of data blo n/anta n/a YesM

COMVENT One or more comment line(s). Each comment lind shal | n/aE | n/aThisis | NeO
begin with this keyword. a

commen

REF_FRAVE_A Name of the reference frame that defines the stapoint SE n/a ¥esM
of the transformation. Sc-BOD
The set of allowed values is described in ANNEX B, Y1
SSECtion B3. STARTR

ACKER
1

REF FRAMVE B Name of the reference frame that defines the et pb SE n/a-tVEH | MYes
the transformation. SC-BOD
The set of allowed values is described in ANNEX B, Y1
Seection B3.

EULER_ROT_SEQ Rotation sequence that defines the REF_FRAME_Ato | SE n/ax¥Z | M¥es
REF_FRAME_B transformation. The order of the pA S
transformation is from left to right, where thettabst letter
represents the rotation axis of the first rotation.

ANGLE 1 Angle of the first rotatio Rn/s dec M¥Yes

ANGLE 2 Angle of the second rotation Rnla deg M¥es

ANGLE 3 Angle of the third rotation Rnla deg M¥es

ANGLE_1_DOT Time derivative of angle of the first rotation Rnla deg/s NeO

ANGLE 2 DOT Time derivative of angle of the second rota Rnfe deg/s NeO

ANGLE_3_DOT Time derivative of angle of the third rotat Rn/s deg/s NeO

EULER STOP Indicator of end of data block n/anfa n/a M¥es

Block: angular velocity vector

All mandatory elements are to be provided if thechlis present.

See ANNEX C for conventions and further detail.

ANGVEL_START Indicator of stal of data bloc nlante n/a M¥es

COVIVENT One or more comment line(s). Each comment lind shal | n/aE | n/aFhisis | NeO
begin with this keyword. a

comment

REF_FRAMVE_A Name of the reference frame that defines the stapoint SE n/a M¥es
of the transformation. SCc-BOD
The set of allowed values is described in ANNEX B, Y1
Seection B3. ICRF
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Man
_— Type | ValuesU | dater
Keyword Description N/E nit yM/
(@]
REF FRAVE B Name of the reference frame that defines the et pb SE n/a4SRF | YesM
the transformation. INSTRU
The set of allowed values is described in ANNEX B, MENT-A
Ssection B3.
ANGVEL _FRANVE Reference frame in which the components of the langu SN n/a YesM
velocity vector are given. REF-FRA
ME-A
REF_FRA
ME_B
ANGVEL_X Component of the angular velocity vector on thexi6 Rnfa degl/ ¥esM
ANGVEL_Y Component of the angular velocity vectorthe Y axit Rnta deg/s ¥esM
ANGVEL_Z Component of the angular velocity vector on thig a Rnfa deg/s Y¥esM
ANGVEL_STOP Indicator of end of data block n/arfa n/a M¥es
Block: Spin
All mandatory elements are to be provided if trechklis present.
See ANNEX C for conventions and further detail.
SPI N START Indicator of start of data blo n/ante n/a M¥es
COMVENT One or more comment line(s). Each comment lind shal | n/aE | n/aThisis | NeO
begin with this keyword. a
commen
REF _FRAME_A Name of the reference frame that defines the stapoint SE n/aSC—B | M¥Yes
of the transformation. obYy-1
The set of allowed values is described in ANNEX B, ICRE
SsectionB3.
REF_FRAVE_B Name of the reference frame that defines the eimt pb SE n/a4GRF | M¥Yes
the transformation. SCcBAOD
The set of allowed values is described in ANNEX B, Y1
SsectionB3.
SPI N_ALPHA Right ascension of spin axis vector Rnfa deg MYes
SPI'N DELTA Declination of the spin axis vector Rnla deg M¥es
SPI N_ANGLE Phase of the satellite about the spin axis Rnla deg MYes
SPI N_ANGLE_VEL Angular velocity of satellite around spin & Rnfa degl/ M¥es
NUTATI ON Nutation angle of spin & Rnta dec M¥es
NUTATI ON_PER Body nutation period of the spin axis Rnfa S M¥es
NUTATI ON_PHASE Inertial nutation phase Rnfa deg M¥es
SPI' N _STOP Indicator of end of data blo n/ante n/a M¥es
Block: Inertia
All mandatory elements are to be provided if trechklis present.
See ANNEX C for conventions and further detail.
| NERTI A_START Indicator of start of data block n/anfa n/a M¥Yes
COVIVENT One or more comment line(s). Each comment lind shal | n/aE | n/aFhisis | NeO
begin with this keyword. a
commen
| NERTI A_REF_FRAME | Coordinate system for the inertia tensor. SE n/a YesM
The set of allowed values is described in ANNEX B, SCc-BOD
Ssection B3. ¥
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Man
_ Type | ValuesU | dater
Keyword Description N/E nit yM/
@]
I XX Moment of Inertia about the-axis Rn/s kg*m**2 M¥Yes
1YY Moment of Inertia about the Y-axis Rnafa | kg*m**2 M¥es
1 Z2Z Moment of Inertia about the Z-axis Rnala | kg*m**2 M¥es
I XY Inertia Cross Product of the X and Y a Rnfe kg*m**2 M¥es
| XZ Inertia Cross Product of the X and Z ¢ Rnfs kg*m**2 M¥es
1YZ Inertia Cross Product of the Y and Z ¢ Rn/s kg*m**2 M¥Yes
I NERTI A_STOP Indicator of end of data block n/arfa n/a M¥es
Block: Maneuver Parameters
All mandatory elements are to be provided if thechlis present.
See ANNEX C for conventions and further detail.
MANELMVER START Indicator of start of data blo nlanta n/a M¥es
COMVENT One or more comment line(s). Each comment lind shal | n/aE | n/aThisis | NeO
begin with this keyword. a
commen
MAN_EPCCH_START Epoch of start of maneuver. For format specificatEee Enfa | n/a2020- | ¥esM
Seection 7.7. 08-
Lo len
=000t
MAN_ DURATI ON Maneuver duratiol Rnle S M¥es
MAN_REF_FRANME Coordinate system for the torque vector. Snla n/a M¥Yes
The set of allowed values is described in ANNEX B,
SsectionB3.
MAN_TOR_X 15t component of the torque vector Rnfa N*m M¥es
MAN TOR Y 2nd component of the torque vector Rnla N*m M¥es
MAN_TOR Z 3 component of the torque vec Rnfs N*m M¥es
DELTA NASS Mass change during maneuver (value is < 0) R kg 0
MANELVER STOP Indicator of end of data blo n/anta n/a M¥Yes

3.2.5 REMARKS

3.2.5.1 DATA FORMAT

3.2.5.1.1 SeeS=ction 7.7 for instructions about how to format BEfeROCH and
MAN_EPOCH_START.

3.2.5.1.2 In specifying the EPOCH of the message, care nmusaken if UTC is used as
the TIME_SYSTEM. If an APM message reports attitddeng a time of leap seconds, the
system making use of the message should be al#edgnize 60 as a valid value for the
seconds (e.g., 20xx-xx-xxT23:59:58.000 .. 20xx-x¥-23:59:59.000 .. 20xx-xx-
xxT23:59:60.000 .. 20xx-xx-xxT00:00:00.000)

3.2.5.2 TECHNICAL

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

3.2.5.2.2 Specification of Euler angle rotations around amiyg or two axes may be
handled by entering the appropriate sequence éoddisired one or two axis rotation and
freely choosing the final axis of rotation and gtyia value of zero for the rotation angle.
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4. ATTITUDE EPHEMERIS MESSAGE (AEM)
4.1 OVERVIEW

4.1.1 Attitude state information may be exchanged betwparticipants by sending an
ephemeris in the form of a series of attitude stateing an Attitude Ephemeris Message
(AEM). The message recipient must have a suitabkles of interpolating across these attitude
states to obtain the attitude state at an arbitrarg contained within the span of the attitude
ephemeris.

4.1.2 The AEM file-naming scheme should be mutually adreetween message exchange
partners.

4.1.3 The method of exchanging AEMs should be mutuallyeed between message
exchange partners.

NOTE: Example AEMs are provided in ANNEX D.

4.2 AEM CONTENT

4.2.1 GENERAL

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

=) The group composed of “metadata”, optional commearid data is called a segment.
The set of segments if called “body”.
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Table4-14-1outlines the contents of an AEM.

Table 4-1: AEM File Layout Specifications

Item Mandatery-M/O 2
Header ¥esM
Segment 1 Metadata 1
Data 1 YesM
Segment 2 Metadata 2
Data 2 NeO
Body
. : NeO
Segment n Metadata n
Data n NeO

4.2.2 AEM HEADER

4.2.2.1 The header shall provide a CCSDS Attitude Data Egssersion number that
identifies the format version; this is includedaiaticipate future changes. The version
keyword shall be CCSDS_AEM_VERS and the value stalk the form of ‘x.y’, where ‘y’

is incremented for corrections and minor changed, d 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 shaltbnducted using AEM version
numbers less than 1.0 (e.g., 0.x). Participatirepags should specify in the ICD the specific
AEM version numbers they will support.

4.2.2.2 The header shall include the CREATION_DATE keywwith the value set to the
Coordinated Universal Time (UTC) when the file veasated, according teference Ref.
[3]F3} - ASCII Time Code A or BA description of AEM header keywords and valiges i
provided intableTable4-24-2

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

4.2.2.4 The AEM header assignments are showiaineTablet-24-2 which specifies for
each item:

a) the keyword to be used;

b) a short description of the item;

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

e) whether the item is mandatofiyl) or optional(O).

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

Man
Keyword Description N/E Values dﬁ
()
CCSDS_AEM VERS | Format version in the form of ‘x.y’, where'y] N | 2.0 YesM
is incremented for corrections and minor
changes, and ‘X’ is incremented for major
changes.
COMVENT One or more comment lines. E | This is a ecoment. NeO
Each comment line shall begin with this
keyword.
CREATI ON_DATE File creation date/time in UTC. E | 2001-11-06T11:17:33 ¥esM
For format specification, see 7.7.
ORI G NATOR Creating agency. E CNES YesM
The value for the "ORIGINATOR" keyword ESCC
should come from the 'Abbreviation' column GSFC
in the 'Organizations' registry of the SANA GSCC
Registry JPL
(https://sanaregistry.org/r/organizations). JAXA
MESSACE_|I D ID that uniquely identifies a message froma E 201113719185 NeO
given originator. The format and content of ABC-12_
the message identifier value are at the 34

discretion of the originator.

4.2.3 AEM METADATA

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

Multiple occurrences of a METADATA group followed lan attitude ephemeris data block

may be used (e.g., METADATA, DATA, METADATA, DATAetc.).

4.2.3.2 Before each METADATA group the string ‘META_STARShall appear on a
separate line and after each METADATA group (anidteethe associated DATA_START
keyword) the string ‘META_STOP’ shall appear oreparate line.

4.2.3.3 The AEM metadata assignments are showmaiteTablet-34-3 which specifies

for each item:

a) the keyword to be used;

b) a short description of the item;

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

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

e) whether the item is mandatofiyl) or optional(O).
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4.2.3.4 Only those keywords shown shall be used in AEM o For some keywords
(OBJECT_NAME, OBJECT_ID, CENTER_NAME) there aredwfinitive lists of
authorized values maintained by a control authptiity references listed in 1.5 are the best
known sources for authorized values to date.

Table 4-3: AEM Metadata

Man

Keyword Description N/E Values yM/
o
META_START The AEM message contains both metadatan/ a | n/ a YesM

and 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
keyword must appear orline by itself

COMVENT Comments allowed only at the beginningjof E | This is a conment. NoO
the Metadata section. Each comment line
shall begin with this keywor

OBJECT_NAME | Spacecraft name of the object E EUTELSAT W YesM
corresponding to the attitude data to be
given. There is no CCSDS-based restriction
on the value for this keyword, but it is
recommended to use names from the UN
Office of Outer Space Affai (Ref. [2]).

OBJECT_ID Spacecraft identifier of the object E | 2000- 052A YesM

corresponding to the attitude data to be

given. While there is no CCSDS-based

restriction on the value for this keyword, i

is recommended to use international

designators from the UN Office of Outer

Space Affairs (Ref. [2]).

Recommended values have the format

YYYY-NNNP{PP}, where:

YYYY = Year of launch.

NNN = Three-digit serial number qaf
launch in year YYYY (with
leading zeros).

P{PP} = At least one capital letter for th
identification of the part brough
into space by the launch.

In cases where the asset is not listed in Ref.

[2], the UN Office of Outer Space Affairs

designator index format is not used, or th

content cannot be disclosed, the value
should beset to UNKNOWN

-~ o

4%
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Keyword Description N/E Values M/

CENTER _NAME | Celestial body orbited by the objeni< E | EARTH NeO
origin-of-the reference-framwhich may be STS 106
a natural solar system body (planets,
asteroids, comets, and natural satellites),
including any planet barycenter or the solar
system barycenter.he set of allowed
values is described in ANNEX BSection
B8 B8 The value should be takenfrom the
orbitcentercolumn-in-the SANA-orbit
centers registry at
hitps://sanaregistry-org/irlorbit—centers

REF _FRAME_A | Name of the reference frame that defines| E | CRF YesM
the starting point of the transformation. The SC_BODY_1

set of allowed values is described in I NSTRUMENT_A
ANNEX B, S<ection B3.

REF _FRAME B | Name of the reference frame that defines| E SC BODY_1 YesM
the end point of the transformation. The set I NSTRUMENT_A
of allowed values is described in ANNEX
B, SsectionB3.

TI ME_SYSTEM | Time system used for both attitude E urc ¥esM
ephemeris data and metadata. The set of TAI
allowed values is described in ANNEX B,
SsectionB2.

START_TI ME Start of TOTAL time span covered by E | 1996-12- MYes
attitude ephemeris data immediately 18T14: 28: 15. 1142
following this metadata block.

For format specification, see 7.7.

USEABLE_STA | Optional start of USEABLE time span E 1996-12- NeO
RT_TI ME covered by attitude ephemeris data 18T14: 28: 15. 11#2
immediately following this metadata block.
To allow for proper interpolation near the
beginning/end of the attitude ephemeris
data block, it may be necessary to utilize
this keyword with values within the time
span covered by the attitude ephemeris data
records as denoted by the START /
STOP_TIME time tags.

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

For format specification, see 7.7.

USEABLE_STO | Optional stop of USEABLE time span E 1996- 12- NeO
P_TI ME covered by attitude ephemeris data 18T14: 28: 15. 1142
immediately following this metadata block.
See als@JSEABLE_START_TI ME.
For format specification, s¢7.7.
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Man
Keyword Description N/E Values iﬁ’t
(0]
STOP_TI ME End of TOTAL time span covered by the | E 1996-12- YesM
attitude ephemeris data immediately 18T14: 28: 15. 1172
following this metadata block.
For format specification, s¢7.7.
ATTI TUDE_TY | Thefermat-eftype of information contained N QUATERNI ON YesM
PE in -the data linesrthe-messagdhis QUATERNI QV DERI VATI VE
keyword must have a value from the set QUATERNI ON/ ANGVEL
specified at the right. See2.5Table 4-4 EULER_ANGLE
for details of the data contained in each EULER_ANGLE/ DERI VATI VE
line. EULER ANGLE/ ANGVEL
SPI' N
SPI N/ NUTATI ON
EULER ROT_S | The rotation sequence of the Euler angles E | ZXZ NeO
EQ that rotate from REF_FRAME_Ato XYZ
REF_FRAME_B. This keyword is
applicable only if ATTITUDE_TYPE
specifies the use of Euler angl
ANGVEL_FRAM | The frame of reference in which angular N REF FRAVE A ONo
E velocity data are specified. The allowed REF_FRAME_B
values are shown at right. This keyword i$
applicable only if ATTITUDE_TYPE
specifies the use eétes angular velocities
in conjunction with either quaternions or
Euler angles.
| NTERPOLATI Recommended interpolation method for E | linear ONeo
ON_METHOD attitude ephemeris data in the block HERM TE
immediately following this metadata block. LAGRANGE
| NTERPCLATI Recommended interpolation degree for E 5 ONe
ON_DECREE attitude ephemeris data in the block 1
immediately following this metadata block.
It must be an integer value. This keyword
must be used if the
‘INTERPOLATION_METHOD’ keyword
is usec
META_STOP The end of a metadata block withinthe | n/a | n/ a YesM
message. The AEM message contains both
metadata and attitude ephemeris data; this
keyword is used to delineate the end of &
metadata block within the message
(metadata are provided in a block,
surrounded by ‘META_START  and
‘META_STOP’ markers to facilitate file
parsing). This keyword must appear on a
line by itself
4.2.4 AEM DATA
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4.2.4.1 The data section of the AEM shall be delineatetheyDATA_START’ and
‘DATA_STOP’ keywords. These keywords are intendeébtilitate parsing, and will also
serve to advise the recipient that all the attitdda records associated with the immediately
preceding AEM Metadata section have been receivedrétionale for including this is that
data volumes can be very large, so knowing whenml#t@ begins and ends is desirable). The
AEM recipient may process the ‘DATA_STOP’ keywosla‘local’ end-of-file marker.

425 ATFHHUBEEPHEMERIS BATAHNES—

4.2.514.2.4.2For AEMSs, each set of attitude ephemeris dataudich the time tag, must be
provided on a single line. Tabfe44-4lists the allowable combinations of data itemghwi
each item following the same definition as givemaipleTable3-33-3 The order in which the
data items are given shall be fixed asple Tabled-44-4 with the exception of Euler angle
data for which the order of angle data must comedith the sequence given by
EULER_ROT_SEQ.

4.2.5.24.2.4.3The choice of one of the formats in tablé4-4shall be specified via the
ATTITUDE_TYPE keyword in the metadatdee ANNEX C for more information on the
data.
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Table 4-4: Types of Attitude Ephemeris Data Lines

Keyword Value Ephemeris Data Line

Quaternion Options (note that keywoonly appear in Metadata secti@nd valuein Data sectio)

QUATERNI ON Epoch, Q1I, @, @B
Epoch, Q1, @, B
@
L_

ATTI TUDE_TYPE QC_DOr

Epoch, Q1, Q,
QUATERNI OV ANGVEL ANGVEL_X, ANGVE
ANGVEL_Z

, &

, QC,
QUATERNI ON/ DERI VATI VE QL_DOT, Q2_DOT, Q3_DOT,

, &

Y,

Euler Angle Optionsnote that keywordonly appear in Metadata section, and values in Battior)

Epoch,

EULER ANGLE ANGLE_1, ANGLE_2, ANGLE 3

Epoch,

ANGLE 1, ANGLE 2,
ANGLE_3, ANGLE 1_DOT,
ANGLE 2_DOT, ANGLE_3_DOT

EULER_ANGLE/ DERI VATI VE
ATTI TUDE_TYPE

Epoch,

ANGLE 1, ANGLE 2,
ANGLE 3, ANGVEL_X,
ANGVEL_Y, ANGVEL_Z

EULER_ANGLE/ ANGVEL

Spin Axis Options (note that keywords only appea¥lietadata section, and values in Data section)

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

4.2.5.34.2.4.4The units used shall be the following:
— dimensionless: EPOCH, Q1, Q2, Q3, QC;
— 1/s: Q1_DOT, Q2_DOT, Q3_DOT, QC_DOT;

— deg: ANGLE_1, ANGLE_2, ANGLE_3, SPIN_ALPHA, SPIN_DEA,
SPIN_ANGLE, NUTATION, NUTATION_PHASE;

— deg/s: ANGLE_1_DOT, ANGLE_2_DOT, ANGLE_3 DOT, ANGVEX,
ANGVEL_Y, ANGVEL_Z, SPIN_ANGLE_VEL;

— s:NUTATION_PER.

NeteNOTE The units do not appear in the AEM data lines @ata lines only contain values.

CCSDS 504.0-P-1.11ccSbS504.0-P-1.10 Page  4-83-3 March 2021 3uly-2020




CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSASS

425442 4 SFORMAT

425414.2.45.1 Atleast one space character must be used to seplaeatems in each
attitude ephemeris data line.

4.25424.2.4.5.2 SeeSection 7.7 for instructionabout how to format the EPOCH. Note
that any epoch specified denotes spacecraft eiveat t

4.254.34.2.4.5.3 In specifying the EPOCH of the message, care nrusalken if UTC is
used as the TIME_SYSTEM. If an AEM message repitiside during a time of leap
seconds, the system making use of the messageddiwable to recognize 60 as a valid
value for the seconds (e.g., 20xx-xx-xxT23:59:58.0@0xx-xx-xxT23:59:59.000 .. 20xx-
xX-XxT23:59:60.000 .. 20xx-xx-xxT00:00:00.000).

4.2.554.2.4 6TECHNICAL

425514.2.4.6.1 Attitude ephemeris data lines in a given data blocist be ordered by
increasing time, and time tags must not be repedtssitime step duration may vary within
a given AEM.

4.25524.2.4.6.2 The TIME_SYSTEM value must remain fixed within aiM
segment.

4.25534.2.4.6.3 The occurrence of a second (or greater) metadatk blfter some
attitude ephemeris data shall indicate that intetjmm using succeeding attitude ephemeris
data with attitude ephemeris data occurring poahat metadata block shall not be done.
This method may be used for proper modeling of pisipe maneuvers or any other source
of a discontinuity such as eclipse entry or exit.

4.2.5.5.44.2.4.6.4  Details about the interpolation method should ExEjed using the
INTERPOLATION_METHOD and INTERPOLATION_DEGREE keywds within the

AEM. All data blocks must contain a sufficient nuenlof attitude ephemeris data records to
allow the recommended interpolation method to baexhout consistently throughout the
AEM.

426425 REMARKS

4.2.6-14.2.5.11t may become necessary to utilize particular drifdrmation to process
Euler angle elements or a local orbit frame (&YLH, QSW) properly. An approach to this
is to add a ‘COMMENT’ block specifying a particu@EM messagéRef. [6]) to use in
conjunction with a particular AEM.

4.2.6-24.2.5.2Specification of Euler angle rotations around amig or two axes may be

handled by entering the appropriate sequence édéisired one or two axis rotation and
freely choosing the final axis of rotation and gtyia value of zero for the rotation angle.
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5. ATTITUDE COMPREHENSIVE MESSAGE (ACM)
5.1 GENERAL

5.1.1 Attitude information may be exchanged between tadigpants using an Attitude

Comprehensive Message (ACM). The ACM aggregatdsatends APM and AEM content
in a single hybrid message. The ACM simultaneowshphasizes flexibility and message
conciseness by offering extensive optional standeddcontent while minimizing mandatory
content.

5.1.2 The ACM shall be a plain text file consisting ofitaide data for a single space object.
It shall be easily readable by both humans and coenp.

542 NOTE: A sequence of ACMs for either a single obj@cmultiple objects may be
aggregated into a single Navigation Data Messa@MNXML file as shown in6.8ANNEX
FBD.

5.1.3 The ACM file-naming scheme should be mutually adreetween message exchange
partners.

5.1.4 The method of exchanging ACMs should be mutuallyeed between message
exchange partners.

5.1.5 If attitude states are desired at arbitrary time¢sitained within the span of the attitude

ephemeris, the message recipient is encourageskta guitable interpolation or propagation

method. For times outside of supplied attitudeéestame spans or if the step size between
attitude states is too large to support interpotatir propagation, optional dynamic parameters
should be included with this message and the rtipnust have a suitably-compatible attitude
dynamics propagator.

NOTE 1: —Detailed syntax rules for the ACM are specifiebrction? 7.

NOTE 2: Example ACMs are provided in ANNEX D.

5.2 ACM CONTENT/STRUCTURE

5.2.1 GENERAL STRUCTURE
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5.2.1.1 The ACM shall be represented as a combinationefdhowing as shown iffable
5-1Fable-5-1 The ordering of these sections is mandatory.drter of occurrence of the
ACM sections shall be fixed as shownliable 5-1Fable 5-1. .

1) one mandatory header;
2) asingle mandatory metadata section (data aboal};dat
3) optional data section(s), comprised of one or ndata constituent types:

one or more optional attitude state time histories

o o

one optional space object physical characterisgction

one or more optional covariance time histories

a o

one or more optional maneuver specification sefgjon

@

one optional attitude determination data section

—h

f. _one optional, user-defined data and supplementainents (explanatory
information).

Table 5-1 ACM Layout and Ordering Specification

Section Content Status
M/O
ACM Header A single header of the message M
ACM Metadata A single metadata section (data about data) M
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attitude data 1 data
description
data lines ) ) ) )
One or more attitude state time histories (eacH o
- = consisting of one or more attitude states) =
attitude data n data
description
data lines
physical propertiefs A single space object o
physical characteristics section =
covariance data 1] data
description
data lines ) . . .
One or more covariance time histories (each o
Data : : consisting of one or more covariance matrices =
—— | covariance data n data
description
data lines
maneuver data 1
One or more maneuver specification sections
; 6]
maneuver data n
attitude A single determination data section
- O
determination dat
user-defined data A single user-defined data section O

5.2.2 GENERAL REQUIREMENTS
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522 GENERAL REQUIREMENTS-
The following requirements apply to all ACM sectsoand content:

5.2.2.1 The order of occurrence of ACM keywords shall beedi as listed in the keyword
value tables in the ACM section descriptions.

5.2.2.2 Within each section, note that keywords labeletirendatory” in the corresponding

tables denotes those keywords that must be inclundibdis section if that particular section is
included. If a keyword is labeled asndatory optionadnd is not provided, the default value
specified in the corresponding table entry shallibed.

5.2.2.3 All time-tags may be specified by eithersagned)double precisiorelative time
(e.g., 20157.26) measured in S| seconds with régpebe specified epoch timée.g.-the
overarching—default—valudEPOCH_TZERO) oras an absolute time (e.g., 2018-11-
13T11:13:20.5Zn CCSDS Time String A or B formaas fermatied specifiedn Section

757.109-epoch-time

52235.2.2.4Duplicate time tags shall not be permitted. Whmare or more duplicate time
tags are discovered, the former value(s) shalupelanted by the single latter entry.

5.2.2.45.2.2.5Within an ACM data block, all time-tags must adhereither relative time, or
absolute time, for the entirety of that data bloeks-ret-permitted-toAn ACM must nonix
relative and absolute time within the same datalblo

5.2.2.55.2.2.6Time tags of information within ordered sequencef©@M sections may be
separated by uniform or non-uniform step size(s).

5.2.2.65.2.2.7Time tags of one ACM section may or may not matwsé of another ACM
section.

5.2.3 ACM HEADER

5.2.3.1 The header shall provide a CCSDS Attitude Data Bigsyersion number that
identifies the format version; this is includedataticipate future changes. The version
keyword shall be CCSDS_ACM_VERS and the value stk the form of ‘x.y’, where 'y’

is incremented for corrections and minor changeg, d 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 shaltdnducted using ACM version
numbers less than 1.0 (e.g., 0.x). Participatirenags should specify in the ICD the specific
ACM version numbers they will support.

5.2.3.2 The header shall include the CREATION_DATE keywwith the value set to the
Coordinated Universal Time (UTC) when the file veasated, according t@ference Ref.
[3]F3} - ASCII Time Code A or BA description of ACM header keywords and valiges i
provided in Table 5-2table 54-.2

5.2.3.3 The first header line must be the first non-blank in the file.
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5.2.3.4 _Table 5-2Fable-5-8pecifies the keywords for each header jtetmether the
values are normative (N) values or just exampl@sgid whether they are mandatory (M) or

optional (O).-.

5.2.3.5 Only those keywords shown ifable 5-2Fable-5-8hall be used in an ACM
header.

5.2.3.6 _The order of occurrence of these ACM header keywshdll be fixed as shown in
Table 5-2Table 5-2

Keyword Description N/E Values M/O
CCSDS_ACM_VERS Format version in the form of ‘x.y’, where 'y’ is N (2.0 M
incremented for corrections and minor changes, and
‘X" is incremented for major changes.
COMMENT Comments (allowed in the ACM Header only E |This is a comment (o]
immediately after the ACM version number).
CREATION DATE File creation date/time in UTC. (For format E |2001-11-06T11:17:33 M
specification, see 7.7.) 2002-204T15:56:237Z
ORIGINATOR Creating agency. Value should come from the E |CNES M
‘Abbreviation’ column in the ‘Organizations’ regigt ESOC
of the SANA reqistry GSFC
(https://sanaregistry.org/r/organizations). Other Agenc
MESSAGE_ID ID that uniquely identifies a message from a given| E 201113719185 [¢]
originator. The format and content of the message ABC-12 34
identifier value are at the discretion of the aragor.
_Table 5-2: ACM Header
Leamerd Desensien Semsleseialues Mesdais
.Fy.
CCSDS_ACM-VERS Yes
COMMENT e
CREAHOR DA E Yes
ORIGINATOR Yes
e =D Ne

5.2.4 ACM METADATA

5.2.4.1 Table 5-3Fable 5-3pecifies the metadata keywordsether the values are
normative (N) values or just examples (E), and Wweethey are mandatory (M) or optional
(O). Only those keywords shown Tiable 5-3Fable-5-3hall be used in ACM metadata.
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5.2.4.2 Each metadata section must begin with keyword MESPART and end with
keyword META_STOP.

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

5.2.4.3

5.2.4.4 The order of occurrence of these ACM metadata kegsvehall be fixed as shown
in Table 5-3Fable 5-3

"

NOTE1l ————For some keywords (OBJECT_NAME, OBJECT_ID) there ao
definitive lists of authorized values maintainedébgontrol authority; the references listed in
1.5 are the best known sources for authorized sdludate.

NOTE 2 —NOTFE- 2 \While specification of OBJECT NAME, OBJECT DESGINAR,
and INTERNATIONAL DESIGNATOR are individually optial, it is recommended that at
least one of these three keywords be supplied.

NOTE-2 3 —-Metadata fields which are relied upon by the subeetjoptional ACM message
subtypes (e.g. attitude state time histories, magrespecification, etc.) are designated as such
in the right-hand column dfable 5-3Fable 5-3
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Table 5-3: ACM Metadata
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Keyword Description ] Values B
les-of atory
Lolees M/O
N/E
META_START Start of the metadata section n/anfa |n/a nla¥es
M

COMMENT Comments (allowed only at the beginningtef ACM | EFhis-is| This is a comment. ONe
Metadata). Each comment line shall begin with thiy &
keyword. commen

&

CLASSIFICATION User-defined free-text message classification/davefd ESBY |SBU ONo
this ACM. ltis recommended that selected values h*Operat|“Operator-proprietary data;
pre-coordinated between exchanging entities by altu & |secondary distribution not
agreement. propriet| permitted”

ary-data
seconda
Y
s
distribut
tor-net
&

OBJECT_NAME Spacecraft name of the object corresponding tothe] E  |SPOT M
attitude data to be given. There is no CCSDS-basegd ENVISAT
restriction on the value for this keyword, bufsit i IRIDIUM
recommended to use names from the UN Office of INTELSAT
Outer Space Affairs (Ref. [2]).

INTERNATIONAL DESIG |Free text field containing an international destgnéor| E  |2000-052A [o]

NATOR the object as assigned by the UN Committee on Sppace 1996-068A
Research (COSPAR) and the US National Space 2000-053A
Science Data Center (NSSDC). Such designator salue 1996-008A
have the following COSPAR format: UNKNOWN
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 object has no international

designator, the value UNKNOWN may be u:

CATALOG_NAME Free text field containing the satellite catalogrse (or] E CSPOC o
source agency or operator, value to be drawn fimm RFESA
abbreviated "Organizations" name column of the ESA
SANA registry COMSPOC
at https://www.sanaregistry.org/r/organizationshir
which OBJECT DESIGNATOI was obtaines

OBJECT DESIGNATOR |Free text field specification of the unique satelli E 22444 [o]
identification designator for the object, as retibetin 18SPCS 18571
the catalog whose name is “CATALOG NAME". If 2147483648 _04ael...1d84q
the ID is not known (uncorrelated object), UNKNOWN
“UNKNOWN” may be used (or this keyword omitte

ORIGINATOR-_POC Free text field containing Programmatic or Techhica EMs. |Ms. Rodgers ONe
Pointof-Contact (PoC) for AC! Rodgers

ORIGINATOR_POSITION |Free text field containing contact position of P@C E |GNC Engineer (0]

ACS Design Lead
ORIGINATOR._PHONE |Free text field containing PoC phone number E |+49615130312 ONe
+49615
130312
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Keyword Description ] Values Meond
les-of atory
Lolees M/O
N/E
Enginee
¥
ACS
Design
Leac
ORIGINATOR_ADDRESS | Free text field containing Teitat PoC information | EJANE.|JANE.DOE@ ONe
for ACM creator (suggest email, website, or phylsica POE@ |[SOMEWHERE.NET
address, etc.) SOME
WHER
ENET
ODM_MSG_LINK Free text field containing a uniquesitifier of Orbit |EOBM-|ODM_MSG_12345.txt ONe
Data Message(s) that are linked (relevant) to this |MSG—1|ORB_ID_0123
Attitude Data Message 2345t
ORB-1
b-0123
OBJECT-NAME Spacecraftname-of the-object-correspondingto the| SPOT, ¥es
attitude-data-to-be-given—There-is ho-CCSDS-basgdENVIS
restriction-on-the-value forthis keyword busit i AR
recommended-to-use-names-from-the UN-Office of | {RIDIJ-
Outer Space-Affairs (Ref[2]). My
INTELS
AT
Space Research{COSPAR) and the US National Space 996~ 996~
YWY = Vearoflaunch. 1995 1996~
YYYY (wi . ) UNKNO UNKN
PIPRY = Atleastonecapita tter for the Wi OWN
. ficati ‘ )
segea-briheloonehs
desioantertheroloa LRI IOM D Leamp  be vseel
CATALOG -NAME Ereetextfield containing the satellite catalog source cSPOC ESROC
{orseurce-agency-oroperatorvalueto-bedrawnfrom | RESA Ne
. " et " name column-ofthe ESA RESA
SANAregistry COMSP ESA
which—-NTERNATIONAL-DESI GNATORand—-OBJE NLA oc
CT—DESIGNATOR were-obtained): NAA
- ; fieati : )
seurec-lersorrsaagene reren e e tebe
B e e
. - - - c
obtained):
CCSDS 504.0-P-1.11c€SbS-504.0-P-1.10 Page5-93-3 March 20231J3uhy-2620




CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAS

Keyword Description ] Values B
les-of atory
Lolees M/O
N/E
. ficati ; : ) ¢ i | 185pCS 44
HretDofsme e pbopesmreleiod s blos UNKNO d84e
NLA OWN
NAA
CENTER_NAME Celestial body orbited by the objecti-eriginof-the | EEART|EARTH BARYCENTER NeO
reference-framawhich may be a natural solar system H  [MOON
body (planets, asteroids, comets, and naturalised®l | EARTH
including any planet barycenter or the solar system|BARYC
barycenterFhe-value-should-be-takenfrom-the-orbit| ENTER
coptorestumpnthe SARN Aarbibeoptersregishy al | MOON
hitosllsonareastrroraldorbit conters The set of
allowed values is described in ANNEX 8Section
B8B8.
TIME_SYSTEM Time system used for metadata, attitdil, EUTFC (UTC YesM
covariance data. The set of allowed values isriet| TAL |TAI
in ANNEX B, S=ection B2.
EPOCH_TZERO Epoch from which all ACM relative tinee E2001-|12001-11-06T00:00:00 YesM
referenced. (For format specification, see 7The 11-
time scale for EPOCH_TZERQO is the one specified |I9§T00:0
"TIME_SYSTEM" keyword in the metadata section.| ©0:00
ACM DATA ELEMENTS |[Comma-delimited list of elements of informationalat E ATT, AD, USER (@]
blocks included in this message. The order shathbe ATT, ATT, PHYS
same as the order of the data blocks in the message ATT.COV.AD
Values shall be confined to the following list: ATT
PHYS, COV, MAN, AD, USER.
If the ACM contains multiple ATT, COV, MAN data
blocks (as allowed by Table 5-1), the corresponding
ATT, COV, MAN entry shall be duplicated to mat
ACM-DATAELEMENTS |Comma-delimited-listof elements-ofinformationalal ATHT No
blocks-included-inthis-message—May-include—ane ¢ UBE, [ATFATFPHYS
more ATT, COV.MAN (See Table 5-1). See Tablg 'PHYSI | ATT. covAD
1 CAL,
MANE
UVER,
conia=
IANCE[
H2L
AD;
USER
START_TIME Time of the earliest data contained in the ACM, E200-0|100.0 ONeo
specified as either a relative or absolute time tag | 20826- |2020-10-10T00:00:00
10-
10T00:0
6:60
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Keyword Description ] Values Meond
les-of atory
Molees M/O
N/E
STOP_TIME Time of the latest data contained inAlM, specified | E£500-1500.0 ONe
as either a relative or absolute time tag. 2020- 12020-10-11700:00:00
10-
11700:0
6:00
TAIMUTC_AT_TZERO Difference (TAlI — UTC) in seconds (i.e. total #pea | E37{s]|37 ONe
seconds elapsed since 1958) as modeled by the geg
originator at epoch “EPOCH_TZEROQO".
META_STOP End of the metadata section n/anla n/a nla¥es
M

5.2.5 ACM DATA: ATTITUDE STATE TIME HISTORY

5.2.5.1 Table 5-4Fable 5-provides an overview of the ACM attitude statedimstory
section. Only those keywords showrliable 5-4Fable-5-4éhall be used in ACM attitude
state time history data specification.

mmn f

5.2.5.35.2.5.2The order of occurrence of these ACM Attitude Stdtee History keywords
shall be fixed as shown ifable 5-4Fable 5-4

5.2.5.55.2.5.3Each attitude state time history data block mugtrbwith keyword
ATT_START and end with keyword ATT_STOP.

5.2.5.65.2.5.4Each keyword shall appear on a line by itself.
5:2.5-75.2.5.5Multiple Attitude State Time History blocks showddpear in an ACM if:

525715.2.5.5.1 They are delimited by separate ATT_START and ATTOST
keywords.

5257925.255.2 Eachorbitattitudestate data block shouttiffer from all others in at

least one of the following respeets-be-unigquefediathersinatleast ene-ofthefellowing
fespests

1) The selected attitude state set (ATT_STATES) igjumi
2) The Attitude State Time History is based upon ajueiattitude determination
solution
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3) The transformations frames are unique (REF_FRAMEREEF FRAME_B)
4) The data interval timespan is unique (i.e., hasowerlap with any other data
interval(s)).

525.105.2.5.6 If the user includes attitude states at key missi@nt times, it is
recommended that those mission event states béad@t@s such by a descriptive comment
line(s) immediately following the ATT_START keyward

525415.2.5.7 Time tags of consecutive attitude states withinditeered sequence
may be separated by uniform or non-uniform steg(s)z

525.125.2.5.8 Attitude state time tags may or may not match tlasgeaneuver or
covariance time histories.

52.5:435.2.5.9 At least one space character must be used to seplaeatems in each
attitude data line.

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

Keyword Description Units Examples of |Manda
Values toryM/
o
ATT_START Start of an attitude state time histoggtion n/a n/a YesM
COMMENT Comments allowed only immediately after the na  |COMMENT-Thisisg ONe
ATT_START keyword comment
| ATT_ID Optional alphanumeric free-text string cantag the n/a ATT_20160402_XYZ ONe
identification number for this attitude state titistory.
| ATT_PREV_ID Optional alphanumeric free-text stricgntaining the n/a ATT_20160401_XYZ ONe
identification number for the previous attitudedim
history block. Note: if the message is not pai of
sequence of attitude time histories or if thisude time
history is the first in a sequence of orbit timstbiies,
then ATT_PREV_ID should be excluded from this
message.
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ATT_BASIS

Basis of this attitude state time histdata, this is a text|
field with the following suggested values:

1. “PREDICTED”

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

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

4. “Simulated SIMULATED for future mission design
or other testing purposes

n/a

PREDICTED

REF_FRAME_A

Name of the reference frame that defines the starti
point of the transformation. The set of allowedued is
described in ANNEX BS<ection B3.

n/a

J2000

YesM

REF_FRAME_B

Name of the reference frame that defines the et pp
of the transformation. The set of allowed values is
described in ANNEX BS<ection B3.

n/a

SC_BODY

YesM

NUMBER_STATES

Number of data states included. Stat be included ane
attitude states anubtionalrate states.

n/a

3
4
7

YesM

ATT_TYPE

Type of attitude data, selected per ANNE)S<ection
B4 B4. Attitude states must always be listed before
RATE_STATES. Attitude data must always be listed
before rate data.

The units that shall be used are given in ANNEX B,
Section B4 #-ATT TYPE = EULER ANGLES data
: - e of

n/a

QUATERNION
EULER_ANGLES
DCM

M¥es

RATE_TYPE

Type of rate data, selected per ANNE)SRctionB4
B4. If rate data is included, NUMBER_STATES must
be at least 6 to include both attitude and rata.dat
The units that shall be used are given in ANNEX B,
Section B4-H-RATETYRPE=ANGVELor
GYRO_BIAS. - ) e of

n/a

ANGVEL
GYRO_BIAS
Q_DOT
NONE

—< Insert attitude
lines here>

Data lines.
For the data units, see above (ATT _TYPE and
RATE TYPE keywords).

MYes

ATT_STOP

End of an attitude state time historyisect

n/a

n/a

M¥es

5.2.6 ACM DATA: SPACE OBJECT PHYSICAL CHARACTERISTICS

5.2.6.1 Table 5-5Fable-5-provides an overview of the ACM space object ptasi

characteristics section. Only those keywords shiowrable 5-5Fable-5-Shall be used in
ACM space object physical characteristics data.

5.2.6.2 Keyword values shall be provided in the units sfeettiin Table 5-5Fable-5-5

5.2.6.3 The order of occurrence of these ACM Space ObJelisical Characteristics
keywords shall be fixed as shownTiable 5-5Fable-5-5
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5.2.6.55.2.6.40nly one space object physical characteristici@eshall appear in an

ACM.

5.2.6.65.2.6.5The space object physical characteristics dataoseict the ACM shall be
indicated by two keywords: PHYS_ START and PHYS_$TO

5.2.6.75.2.6.6Further definition of Space Object Physical Chagastics parameters is
provided inRef.[IH2].

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

Keyword Description Units Examples of |Mandat
Values eryM/O
PHYS START Start of a Space Object Physical Chariatits specification n/a n/a M¥es
COMMENT Comments allowed only immediately after the n/a COMMENT-Thisis§ NeO
PHYS_START keyword. comment
DRAG_COEF Drag coefficier n/a 2 ONe
WET MASS Total- S/CSpace object total-magsat thecurrentreference kg 500.0 ONe
epoch “EPOCH_TZERC
DRY_MASS Space object dry mass (without propellant) kg 750.0 ONe
CP_REF_FRAME |Coordinate system for the center of pressure vetioe set n/a SC_BODY_1 NeO
of allowed values is described in ANNEX 8sectionB3
B3.
CP Vector location of spacecraft center of pressure fo m 0.02 0.01 0.2 ONeo
determining solar pressure torque, measured frem th
spacecraft center of mass. The coordinate framefised
by CP_REF _FRAME. CP contains 3 elements, one fo
each axis represented in CP. REF FRA
INERTIA_REF_F |Coordinate system for the inertia tensor. Thevsatlowed n/a SC_BODY_1 ONe
RAME values is described in ANNEX ISsectior-B3 B3.
IXX Moment of Inertia about the X-axis dfe thespacecraft kg*m**2 |{1000.0 ONe
primary body framedefined by INERTIA REF FRAME.
{e-g-—SC_Boedy 1)
IYY Moment of Inertia about the Y-axis kg*m**2 800.0 ONe
127 Moment of Inertia about the Z-axis kg*m**2 1400.0 ONo
IXY Inertia Cross Product of the X & Y axes kg*m**2 {20.0 ONo
IXZ Inertia Cross Product of the X & Z axes kg*m**240.0 ONeo
Yz Inertia Cross Product of the Y & Z axes kg*m**260.0 ONeo
cP Vectorlocation-of spacecraft center-of pressure fo m [0.02,0.01,0.2] No
determining solar pressure torgque, measured-frem th
frame (e.g. SC Body 1).
DRAG-COEF Drag-coefficient nla 2 bl
PHYS-STORFUEIFuelmass kg 750.0 No
—MASS
PHYS_STOPHY |End of a Space Object Physical Characteristicsifsgm@on n/a n/a YesM
S-STOP

5.2.7 ACM DATA: ATTITUDE STATE COVARIANCE TIME HISTORY
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5.2.7.1 Table 5-6Fable 5-provides an overview of the ACM attitude stateartance time
history section. Only those keywords show &ble 5-6Fable-5-8hall be used in ACM
covariance time history data specification.

5.2.7.2 Each attitude state covariance time history dasakbiust begin with keyword
COV_START and end with keyword COV_STOP.

5.2.7.3 Multiple covariance data blocks may appear in aivA@ly if they are delimited
by separate COV_START and COV_STOP keywords.

5.2.7.4 Each attitude state covariance data block shieeddniguediffefrom all others in
at least one of the following respects:

1) the covariance time history basis (PREDICTED, DEMERED, SIMULAT ,
OTHER)

2) the covariance time history is based upon a ungtiteide determination solution or
simulation

3) the data interval timespan is unique (i.e., hasvaslap with any other data interval(s))

5.2.7.65.2.7.5Each attitude state covariance time history shetifne-ordered to be
monotonically increasing.

52.7-75.2.7.6lf the user includes attitude state covariancdegtmission events or times, it
may be useful to provide times, names, and sigmfie for such mission events in descriptive
comment line(s) immediately following the COV_STAR&yword.

52.7.85.2.7.7 Values in the covariance matrix shall be only n@iagonal elements
provided on a single line directly following thene tag specification.Off-diagonal

elements may be defined in a user-defined block.

52.7.95.2.7.8Values in the attitude state covariance matrix Isbal expressed in the
applicable reference frame specified via the ‘COZFRFRAME’ keyword.

Table 5-6:- ACM Data: Covariance Time History

Keyword Description Units | Examples of Values | Man
deoiesr
yM/
(0]
COV_STARI1 Start of a covariance time history sec na |nla ¥esM
COMMENT Comments allowed only immediately after the nla |COMMENT-Thisis a NoO
COV_START keyword comment
COVv_ID Optional alphanumeric free-text string camiteg the nfa | COV_20160402_XYZ ONe
identification number for this attitude covariaricee
history block
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Keyword Description Units | Examples of Values | Mar

COV_PREV_ID Optional alphanumeric free-text stramgtaining the n/a | COV_20160401_XYZ ONe
identification number for the previous covariarioset
history block-_Note: if the message is not part of a
sequence of covariance time histories or if toigariance
time history is the first in a sequence of covar@atime
histories, then COV_PREV_ID should be excluded filom
this message.

ATFCOV BASIS Basis of this covariance time history data, this fext n/a | PREDICTED ONe
field with the following suggested values:

1. “PREDICTED”

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

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

4. “SimulatedSIMULATED for future mission design
or other testing purposes

COV_REF _FRAME | Reference frame of the covariance tiistory. The full] n/a | SC_BODY ONe
set of values is enumeratedanrex ANNEX BB
SectionB3 B3
COV_TYPE Indicates covariance compositioBelect from Deg, |ANGLE ¥esM
ANNEX BANNEX-B, SectionB6B6. deg/secl/ANGLE_GYROBIAS
la
——< Insert covariancgCovariance data lines. M¥Yes
-data here> For the data units, SANNEX B, SectiorB6.
COV_STOP End of a covariance time history section /a nn/a MYes

5.2.8 ACM DATA: MANEUVER SPECIFICATION

5.2.8.1 Table 5-7AFable-5-provides an overview of the ACM maneuver spediitca
section- Only those keywords shown fable 5-7 Table 5-8hall be used in the ACM
maneuver specification.

5.2.8.2 Keyword values shall be provided in the units sfeetiin the Units column of
Table 5-7Fable 5-7

The order of occurrence of these ACM Maneuver Sjgation keywords shall be fixed as
shown inTable 5-7Fable 5-7

5.2.8.3 Maneuver data in the ACM shall be indicated by kegwords:- MAN_START
and MAN_STOP.

5.2.8.4 Multiple maneuver data blocks shall appear in aiMA@hly when delimited by
separate MAN_START and MAN_STOP keywords.
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5.2.8.75.2.8.5Each maneuver data block shobleuniguediffefrom all other maneuver
data blocks in at least one of the following respec

1) the maneuver purpose (MAN_PURPOSE) is unique
2) the data interval timespan is unique (i.e., hasveslap)

Table 5-7:- ACM Data: Maneuver Specification

Keyword

Description

Units

Examples of
Values

toryM/.

MAN_START

Start of a maneuver data interval speaifon

n/a

n/a

¥YesM

COMMENT

Comments allowed only immediately after the
MAN_START keyword.

n/a

COMMENT-This
is a comment

NeO

MAN_ID

Optional alphanumeric free-text string cantag the
identification number for this maneu

n/a

DH2018172

MAN_PREV_ID

Optional alphanumeric free-text stricgntaining the

Note: if the message is not part of a sequence of
maneuves or if this maneuvas the first in a sequen
of maneuvers, then MAN_PREV_ID should be
excluded from this message.

identification number for the previous maneuvechlo

n/a

DH2018171

MAN_PURPOSE

The user may specify the intention{¢he
maneuver._Multiple maneuver purposes may be
provided as a comma-delimited listWhile there is
no CCSDS-based restriction on the value for this
keyword, it is suggested to use:

— Attitude adjust (ATT_ADJUST)
-—Momentum desaturation (MOM_DESAT)
-— Pointing Request Message (PRM_ID_xxxx)
-— Science objective (SCI_OBJ)

-— Spin rate adjust (SPIN_RATE_ADJUST)

n/a

ATT_ADJUST

MAN_-BEGIN

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

ati S

100.0

<

MAN_-END

End time of actual maneuver, measured as a relal
time with respect to EPOCH_TZERO

tive S

120.0

MAN_DURATION

Length of maneuver, should only spgdflAN_END
or MAN_DURATION, not both

S

20.0

=

ACTUATOR_USED

Specifies the type of actuator usadlie maneuver

n/a

ATT-THRUSTER
RWA

TARGET_MOMENTUM

If MAN_PURPOSE=MOM_DESAT,
TARGET_MOMENTUM in SC_BODY contains 3
elements for each of the 3 SC BODY axes

N*-m*-s

f0--10; O}

g

TARGET_ATTITUDE

If MAN_PURPOSE=ATT_ADJUST, target
quaternion Contains 4 elements in the order Q1,

Q3,QC

n/a

2,

106, 05051}

g

TARGET_SPINRATE

If MAN_PURPOSE=SPIN_RATE_ADJUSTigdat
spin rate

deg/s

0.31

g

MAN_STOP

n/a

End maneuver data interval specification

n/a

YesM

5.2.9 ACM DATA: ATTITUDE DETERMINATION DATA
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5.2.9.1 Table 5-8Fable 5-provides an overview of the ACM attitude deternima data
section-_Only those keywords shown irable 5-8Fable-5-8hall be used in ACM attitude
determination data specification.

5.2.9.2 At most, only one Attitude Determination Data sectshall appear in an ACM.

5.2.9.3 Attitude determination data in the ACM shall beigaded by two keywords:
AD_START and AD_STOP.

5.2.9.4 The attitude determination specification shall ggplall ACM attitude and
covariance time history data sections that arecbapen "determined” attitude solutions.

Table 5-8-- ACM Data: Attitude Determination Data

Keyword Description Units Examples of Valueg Man
coer
yM/
()
AD_START Start of an attitude determination datetioe n/a n/a YesM
COMMENT Comments allowed only immediately after the n/a COMMENT-Thisis a | ONe
AD_START keyword comment
AD_ID Optional alphanumeric free-text strifay this attitude n/a AD_20190101 ONe
determination.
AD_PREV_ID Optional alphanumeric free-text strirantaining the n/a AD_20190100 ONe
identification number for the previous attitude
determination block.Note: if the message is not part
of a sequence of attitude determination bleaksif
this attitude determination block is the first in a
sequence of attitude determination blocks , then
AD_PREV_ID should be excluded from this message.
AD_METHOD Type ofattitude determination-estimator method n/a EKF ONe
used-_For further description see&\NEX B, Section ~TRIAD-QUEST,
Annex-B5B5 BATCH;Q-METHOD,
e Moo TEER
ATTITUDE_SOURCE| Source of attitude estimate, whefhem a ground n/a GND ONo
based estimator or onboard estimator ;OBC
NUMBER_STATES Number of states if EKF, BATCH, ol FER n/a 3 ONeo
SMOOTHER is specified. 6
7
ATTITUDE_STATES | Type of attitude data, selected feNEX B, Ssection n/a QUATERNION YesM
B4B4. Attitude states must always be listed before
RATE_STATES.
COV_TYPE Type of attitude error state includedha estimator. n/a ANGLE NeO
Select fromANNEX-B ANNEX B, SectionB6-Bé. ANGLE_GYROBIAS
NONE
REF_FRAME_A Name of the reference frame that defines thestarti  n/a J2000 ¥esM
point of the transformation described by the atitu
state in the estimatorfhe set of allowed values is
described in ANNEX BSeection B3.
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Keyword Description Units | Examples of Valueg Ma#n
ceder
yM/
[0)
REF_FRAME_B Name of the reference frame that defines the ending n/a SC_BODY M¥Yes
B B point of the transformation described by the adiitu B
state in the estimator.
The set of allowed values is described in ANNEX B,
Seection B3.
RATE_STATES Type of rate state included in the estimator, if deg/s | ANGVEL NeO
RATE_STATES are included NUMBER_STATES GYRO BIAS
must be at least 6 to include both -
ATTITUDE_STATES and RATE_STATES
SIGMA_U Rate random walk if RATE_STATES=GYRO_BIASde¢s**1.5 |3.7e-7 ONe
SIGMA_V Angle random walk if deg/s**0.5| 1.3e-5 ONe
RATE_STATES=GYRO_BIA!
RATE_PROCESS NJdProcess noise standard deviation if deq/s**1.5|5.1E-06 ONo
SE_STDDEV RATE_STATES=ANG_VEL
NUMBER_SENSORS|Number of sensors used to provide estimator n/a 2 ONe
USED measurements 3
SENSORS_USED | Types of sensors used in estimdtiof, to n/a AST ONeo
NUMBER_SENSORS_USED +DSS
GYRO
NUMBER_SENSOR_ |Number of noise elements for senserHor example n/a 2 ONe
NOISE_COVARIANC |noise along horizontal and vertical directions of a 3
E_I CCD, or noise along X, y, and z axes of a sensor.
SENSOR_NOISE_STI[Standard deviation of sensor noise, size will tee th deg £0.0097 0.009% ONe
DEV_I same as
NUMBER_SENSOR_NOISE_COVARIANCE_|
SENSOR_FREQUENG(Frequency of sensor | data Hz 5 ONe
Y |
P,_A\TE_PPQPEQQ_!\JFPF@eess—neise—Sianda@l-dreWanon if degis**1.5 |5.1E-06 No
==y RATE-STATES=ANG-VEL
AD_STOP End of an attitude determination data encti n/a n/a ¥esM

5.2.10 ACM DATA: USER-DEFINED PARAMETERS

5.2.10.1 A singlesection ofUuserDdefined Prarametersnay-be provided-inecessaryis
allowed- In principle, this provides flexibility, but alsatroduces complexity, non-

standardization, potential ambiguity, and potermralcessing errors Accordingly, if used,
the keywords and their meanings must be describad iICD- User-Defined Parameters, if
included in an ACM, should be used as sparinglyassible; their use is not encouraged.

52-1035.2.10.2

ACM.

52.10.45.2.10.3  EachUuserDdefined parameter line may be preceded by one oe mor ‘

comment lines.
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5.2.10.4 Fable-5-9P¢rovides an overview of the ACMuserDdefined data sectionOnly
those keywords shown iRable-5-9shall be used in ACNMuserDdefined data specification.

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

Keyword Description Units Examples of M/O
Values
USER STAR’ Start of sUusel-Ddefined Prarameters data blo n/a |n/a M
COMMENT Comments allowed only immediately after the n/a |Thisis a comment| O
USER START keyword. Se7.¢ for formatting rules
USER_DEFINED_x UserDdefined Prarameter, where ‘X’ is replaced by & (variable)| FINE_GUIDANCE O
variable length user specified character stringg An SENSOR

number ofUuserDdefinedPrarameters may be

included, if necessary to provide essential infdroma
that cannot be conveyed in standard ACM keywords$ or
in COMMENT statements

USER_STOP End of aUuserDdefinedPrarameters data block n/a |n/a M
Table 5-9- - ACM Data:-User-Defined-Parameters

Leanepdl Sosedoien ks Srsles———=|idende e
Values

LeER oA nls Yes

COMMENT COMMENT This-igNo
a-comment

o= D=Rhl=b B e P
ENSOR—————4
Bl libaplo=
SENSOR

LEER 7o Endotonecdoinod snpnetoe debloch il il Sles
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6. CONSTRUCTING AN ADM/XML INSTANCE

6.1 OVERVIEW

6.1.1 This section provides detailed instructions for tle=r on how to create an XML
message based on one of the KVN-formatted messwsesibed in Sections 3 through 5 of
this document. This section applies only to the Xidpresentation of the ADM messages.

6.1.2 The ADM/XML schemas are available on the SANA Wib.sSANA is the reqistrar
for the protocol registries created under CCSDS® ABDM/XML schemas explicitly define
the permitted data elements and values acceptatitest XML versions of the ADM messages.
The location of the ADM/XML schemas is:

APM: https://sanareqistry.org/r/ndmxml/ndmxmi-1 jor@&2.0.xsd

AEM: https://sanareqistry.org/r/ndmxml/ndmxml-1.6ra2.0.xsd

ACM: https://sanareqistry.org/r/ndmxml/ndmxml-1.€a&2.0.xsd

6.1.3 Where possible these schemas use simple types angdlex types used by the
constituent schemas that make up Navigation Datsshtges (see Ref. [4]).

6.2 ADM/XML BASIC STRUCTURE

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

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

6.2.3 Each<segnent > shall consist of onenet adat a>/ <dat a> pair, as shown in .

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

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

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

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

6.3.2 The 'CCSDS A*M_VERS' keyword and value shall apmesaXML attributes of the
root element rather than as XML elements. Thisnisexception where there is not a strict
correspondence between keywords in the KVN and tagdhe XML implementations,
specifically, the ‘CCSDS_A*M_VERS'’ keywords fromehdeaders for the APM, AEM, and
ACM respectively.

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

6.4 CONSTRUCTING AN ADM/XML INSTANCE

6.4.1 XML VERSION

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

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

6.4.2 BEGINNING THE INSTANTIATION: ROOT ELEMENT TAG

6.4.2.1 Each instantiation shall have a 'root elementtted'identifies the message type
and other information such as where to find thdiealple schema, required attributes, etc.

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

Root Element Tag Message Type

<apne</ apnp Attitude Parameter Message
<aenp</ aenp Attitude Ephemeris Message
<acnp</ acnp Attitude Comprehensive Message
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6.4.2.3 The XML Schema Instance namespace attribute mpstaaipn the root element tag
of all ADM/XML instantiations, exactly as shown:

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_LSchena- i nst ance"

6.4.2.4 1Ifitis desired to validate an instantiation agithe CCSDS Web-based schema,
the xsi:noNamespaceSchemalocation attribute musbdhed as a single string of non-blank
characters, with no line breaks, exactly as shown:

xsi : noNanmespaceSchenalLocati on="http://sanaregi stry. org/r/ ndmxm / ndnxnl - 1. O-
mast er . xsd"

NOTE — The length of the value associated with tBenoNamespaceSchemalocation
attribute can cause the string to wrap to a new; lhmwever, the string itself
contains no breaks.

6.4.2.5 For use in a local operations environment, themehget may be downloaded from
the SANA website to a local server that meets logaliirements for operations robustness.

See Ref. [4].

6.4.2.6 If alocal version is used, the value associateH thie
xsi:noNamespaceSchemalocation attribute must begeldsto a URL that is accessible to
the local server.

6.4.2.7 Two attributes shall appear in the root elemenpfean ADM/XML single
message instantiation, specifically, the CCSDS ¥BRS keyword that is also part of the
standard KVN header, and the Blue Book version rermbhe final attributes of the root
element tag shall be 'id' and 'version'.

6.4.2.8 The CCSDS xxx VERS keyword shall be supplied v&'ii attribute of the root
element tag. The ‘id’ attribute shall be ‘id="CCSD&x VERS", where xxx = AEM, APM,
or ACM.

6.4.2.9 The version number of the Blue Book to which thieesca applies shall be supplied
via the ‘version’ attribute. The ‘version’ attrilushall be ‘version="2.0"".

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

<?xm version="1.0" encodi ng="UTF-8"?>

<apm xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schena-i nst ance"
Xsi : noNanespaceSchenalLocati on=

"http://sanaregistry.org/r/ndnxm / ndnxm - 1. 0- nast er. xsd"
i d=" CCSDS_APM VERS" version="2.0">

6.4.3 THE STANDARD ADM/XML HEADER SECTION
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6.4.3.1 The ADMs (APM, AEM, ACM) shall share a standard ¢eetaformat, with tags
<header > and</ header > (see Ref. [4]).

6.4.3.2 Immediately following thecheader > tag the message may have any number of
<COMIVENT>elements.

6.4.3.3 The standard ADM header shall contain #@REATI ON DATE> and
<ORI 3 NATOR> elements.

6.4.3.4 The standard ADM header may contain #MESSAGE | D> element.

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

<header >
<COMMENT>Thi s is the common ADM XM. Header . </ COWENT>
<COMMENT>| can put as nany comments here as | want, </ COWENT>
<COMMENT>i ncl udi ng none. </ COWENT>
<CREATI ON_DATE>2010- 03-12T722: 31: 12. 000</ CREATI ON_DATE>
<ORI G NATOR>AGENCYX</ ORI Gl NATOR>
<MESSACE_| D>AGENCYX- 1234</ MESSACE | D>

</ header >

6.4.4 THE ADM/XML BODY SECTION

6.4.4.1 After coding the<header >, the instantiation must include<dody > section.

6.4.4.2 Inside the<body> section must appear at least gs&gnment > section,
depending on the particular ADM (APM, AEM, ACM).

6.4.4.3 Each<segmernt must be made up of or@ret adat a> section and onedat a>
section.

6.4.5 THE ADM/XML METADATA SECTION

6.4.5.1 All ADMs must have at least one metadata section.

6.4.5.2 The Metadata section shall be delimited by<thet adat a> element.

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

NOTE: The <COMVENT></ COMMENT> placement is requlated by the XML schema.
Standard XML comments, i.e. of the forrh- - comment content --> may be placed
anywhere in the Metadata Section because theyaoead by the XML schema validator.
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6.4.5.4 Between themet adat a> and</ nmet adat a> tags, the keywords shall be the
same as those in the Metadata sections in Se@&itmsugh 5 of this document, with
exceptions as noted in the subsections that disgcaasing instantiations of the specific

messages.

6.4.6 THE ADM/XML DATA SECTION

6.4.6.1 All ADMs must have at least one data section.

6.4.6.2 The Data Section shall follow the Metadata Secéind shall be delimited by the
<dat a> element.

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

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

6.4.6.4 Between thedat a> and</ dat a> tags, the keywords shall be the same as those
in the data sections in Sections 3 through 5 afdlicument, with exceptions as noted in the
subsections that discuss creating instantiationlseo$pecific messages.

6.5 CREATING AN APM INSTANTIATION

6.5.1 An APM instantiation shall be delimited by tk@pne</ apn® root element tags
using the standard attributes documented in Rgf. [4

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

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

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

6.5.4 The ‘ver si on’ attribute for the version of the APM describedSaction 3 shall be
‘version="2.0"".

6.5.5 The standard ADM/XML header shall follow tkapn® tag (see Ref. [4]).

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

6.5.7 The<segnent > shall consist of &net adat a> section and adat a> section.

6.5.8 The keywords in thenet adat a> and<dat a> sections shall be those specified in
Section 3.2. The rules for including any of thewexd tags in the APM/XML are the same as
those specified for the APM/KVN.
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6.5.9 Tags for keywords shall be all uppercase, as iti@e8.2.

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

Table 6-2: APM XML Units

Keyword Units | Example

QL DOT 1/s <QL DOT units="1/s">nuneric-val ue</ QL DOI>

@ DOr 1/s <@ DOT units="1/s">nuneric-val ue</ @ DOI>

3 DOr 1/s <@ DOT uni ts="1/s">nuneri c-val ue</ @3 DOT>

QC DOT 1/s <QC DOT units="1/s">nuneric-val ue</ QC DOI>

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

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

ANGLE 3 deg <ANGLE 3 uni ts="deg" >nuneri c-val ue</ ANGLE 3>

ANGLE 1 DOT deal/s <ANGLE 1 DOT units="deg/s">nuneric-val ue</ ANGLE 1 DOT>
ANGLE 2 DOT degl/ <ANGLE 2 DOT units="deg/s">nuneri c-val ue</ ANGLE 2 DOT>
ANGLE 3 DOT deals <ANGLE 3 DOT units="deg/s">nuneri c-val ue</ ANGLE 3 DOT>
ANGVEL X deal/s <ANGVEL_ X uni t s="deg/ s" >nuneri c- val ue</ ANGVEL_X>
ANGVEL Y deagl/s <ANGVEL Y uni t s="deg/ s">nuneri c- val ue</ ANGVEL_Y>
ANGVEL Z deal/s <ANGVEL_Z uni t s="deg/ s" >nuneri c- val ue</ ANGVEL_Z>

SPI N ALPHA dec <SPI N ALPHA uni t s="deg" >nuneri c- val ue</ SPI N ALPHA>

SPI N_DELTA deg <SPI N DELTA units="deg">nuneri c-val ue</ SPI N DELTA>

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

SPI N ANGLE VEL |ded/s <SPI N_ANGLE VEL units="deg/s" >nuneri c-
val ue</ SPI N ANGLE VEL>

NUTATI ON deg <NUTATI ON uni t s="deg" >nuneri c- val ue</ NUTAT| ON>
NUTATI ON_PER s <NUTATI ON_PER uni t s="s" >nuneri c- val ue</ NUTATI ON_PER>
NUTATI ON_PHASE | deg <NUTATI ON_PHASE uni t s="deg" >nuneri c-
val ue</ NUTATI ON PHASE>
I XX kgrm**2 | <I XX uni ts="kg*nt*2">nuneri c- val ue</ | XX>
1YY kgrm**2 | <I YY units="kg*nt*2">nuneri c-val ue</ | YY>
| ZZ kgrm**2 | <l ZZ units="kg*nt*2">nuneri c-val ue</ | ZZ>
| XY kgrm**2 | <I XY uni t s="kg*nt*2">nuneri c-val ue</ | XY>
| XZ kgrm**2 | <I XZ uni t s="kg*nt*2">nuneri c- val ue</ | Xz2>
1YZ kg*m**2 | <l YZ uni ts="kg*nt*2">nuneri c-val ue</|YZ>
MAN DURATI ON s <MAN DURATI ON uni t s="s" >nuneri c- val ue</ MAN DURATI ON>
MAN TOR X N*m <MAN TOR X uni t s="N*ni >nuneri c-val ue</ MAN_ TOR X>
MAN TOR Y N*m <MAN_TOR Y uni t s="N"ni >nuneri c- val ue</ MAN_ TOR Y>
MAN TOR Z N*m <MAN_TOR Z uni t s="N"ni >nuneri c-val ue</ MAN_TOR Z>

6.5.11 SPECIAL TAGS IN THE APM/XML BODY

NOTE - In addition to the APM keywords specifiedSaction 3, there are several special
tags associated with the APM body as describedamext few subsections. The
information content in the APM is separated intastoucts referred to as ‘logical
blocks’. Special tags in the APM are used to endaps the information in the
logical blocks of the APM.
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6.5.11.1 The APM/XML tags used to delimit the logical bloaksthe APM shall be drawn
from the following table:

Table 6-3: Special Tags in the APM/XML Body

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

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

The<quat er ni onSt at e> consists of thequat er ni on>
tag that contains the components of the quateitset, and the
<guat er ni onDeri vati ve> tag that contains the rate of
change of the guaternion components

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

Inertia <inertia>

Maneuver Parameters <maneuver Par anet er s>

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

6.5.12 DISCUSSION

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

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

Here is an example APM quaternion construct:

<quat er ni onSt at e>
<EPOCH>2004- 100T00: 00: 00Z</ EPOCH>
<REF FRAVE A>| CRF</ REF_FRANVE A>
<REF_FRAVME B>| CRF</ REF_FRAVE B>
<quat er ni on>
<Q1>0. 00005</ QL>
<@>0. 87543</ Q2>
<(@3>0. 40949</ B>
<QC>0. 25678</ QC>
</ quat er ni on>
</ quat er ni onSt at e>

Here is an example APM quaternion construct withdjptional derivative:

<quat er ni onSt at e>
<EPOCH>2004- 100T00: 00: 00Z</ EPOCH>
<REF FRAVE A>| CRF</ REF FRAME A>
<REF_FRAVME B>| CRF</ REF_FRAMVE B>
<quat er ni on>
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<QL>0. 00005</ QL>
<@2>0. 87543</ Q2>
<@@3>0. 40949</ B>
<QC>0. 25678</ QC

</ quat er ni on>

<quat er ni onDeri vati ve>
<Ql_DOr>0. 002</ Q1_DOr>
<@_DOr>0. 003</ 2_DOr>
<@B_DOr>0. 004</ 3_DOr>
<QC _DOr=>0. 001</ QC_DOr>

</ quat erni onDeri vative>

</ quat er ni onSt at e>

6.6 CREATING AN AEM INSTANTIATION

6.6.1 An AEM instantiation shall be delimited with tkeen></ aen® root element tags
using the standard attributes documented in Rgf. [4

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

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

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

6.6.4 The ‘version’ attribute for the version of the AE#&scribed in Section 4 shall be
‘version="2.0"".

6.6.5 The standard ADM/XML header shall follow tkaen® tag (see Ref. [4]).

6.6.6 The AEM<body> shall consist of one or mogsegnent > constructs (see Ref. [4],

Section 3.4).

6.6.7 Each<segnent > shall consist of &net adat a> section and gdat a> section.

6.6.8 The keywords in the&net adat a> and<dat a> sections shall be those specified in
Section 4.2. The rules for including any of theweyd tags in the AEM/XML are the same as
those specified for the AEM/KVN.

6.6.9 Tags for keywords shall be all uppercase as ini@edt2.

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

Keyword Units Example
QL DOT 1/s <QL DOT units="1/s">nuneric-val ue</ QL DOT>
Q@ _DOor 1/s <@ DOT units="1/s">nuneric-val ue</ 2 DOT>
@3 DOr 1/s <@ DOT units="1/s">nuneric-val ue</ @ DOT>
QC_DOT 1/s <QC DOT units="1/s">nuneric-val ue</ QC DOT>
ANGLE 1 deg <ANGLE 1 units="deg">nuneric-val ue</ ANGLE 1>
ANGLE 2 deg <ANGLE 2 uni ts="deg" >nuneri c-val ue</ ANGLE 2>
ANGLE_3 dec <ANGLE_3 uni t s="deg" >nuneri c-val ue</ ANGLE_3>
ANGLE 1 DOT deq/: <ANGLE 1 DOT units="deg/s">nuneric-val ue</ ANGLE 1 DOT>
ANGLE_2_DOT deals <ANGLE_2_DOT uni ts="deg/ s">nuneri c-val ue</ ANGLE 2_DOT>
ANGLE 3 DOT deqgl/s <ANGLE 3 DOT units="deg/s">nuneri c-val ue</ ANGLE 3 DOI>
ANGVEL_ X deals <ANGVEL_X uni t s="deg/ s" >nuneri c- val ue</ ANGVEL_X>
ANGVEL_Y deg/ <ANGVEL_Y uni t s="deg/s" >nuneri c- val ue</ ANGVEL_Y>
ANGVEL_Z deals <ANGVEL Z uni t s="deg/s" >nuneri c- val ue</ ANGVEL Z>
SPI N ALPHA deg <SPI N ALPHA uni t s="deg" >nuneri c- val ue</ SPI N ALPHA>
SPI N DELTA deg <SPI N DELTA uni t s="deg" >nuneri c- val ue</ SPI N DELTA>
SPI N ANGLE deg <SPI N ANGLE uni ts="deg" >nuneri c- val ue</ SPI N ANGLE>
SPI N ANGLE VEL |dedgl/s <SPI N_ANGLE VEL units="deg/s">nuneric-
val ue</ SPI N ANGLE VEL>
NUTATI ON deg <NUTATI ON uni t s="deg" >nuneri c- val ue</ NUTATI ON>
NUTATI ON_PER s <NUTATI ON_PER uni t s="s" >nuneri c- val ue</ NUTATI ON_PER>
NUTATI ON_PHASE | deg <NUTATI ON_PHASE uni t s="deg" >nuneri c- val ue</ NUTATI ON_PHASE>

6.6.11 SPECIAL TAGS IN THE AEM BODY

NOTE — In addition to the AEM keywords specifiedSection 4.2, there are several special
tags associated with the AEM body as describedemext few subsections.

6.6.11.1 The<atti t udeSt at e> tag shall be used to encapsulate the keywordsiassod
with the structure of one of the attitude ephemdsit line types.

6.6.11.2 The ADM/XML tags used within theat ti t udeSt at e> structure shall be
drawn from the following table:

Table 6-5: Special Tags in the AEM/XML Body

AEM ‘ATTITUDE TYPE’ Metadata Value | Associated ADM/XML Tag inthe<attitudeSt ate>
QUATERNION <quat er ni onSt at e>

QUATERNION/DERIVATIVE <quat er ni onDeri vati ve>

QUATERNION/ANGVEL <quat er ni onAngvel >

EULER ANGLE <eul er Angl e>

EULER_ANGLE/DERIVATIVE <eul er Angl eDeri vati ve>

EULER_ANGLE/ANGVEL <eul er Angl eAngvel >

SPIN <spi n>

SPIN/NUTATION <spi nNut at i on>

6.6.11.3 Between the beqin tag and end tag (e.q., betwgeat er ni onSt at e> and
</ quat er ni onSt at e>), the user shall place the values required bgteseific
ephemeris data line type as specified in Sectidrl4Table 4-4.

6.6.11.4In the XML representation of the AEM, the comporsenitthe
<attitudeSt at e> ephemeris data line must be represented with kedsvo.e., a tag).
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6.6.11.5The<atti t udeSt at e> keywords shall be the same as those defined éor th
same construct in the APM.

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

6.6.12 DISCUSSION

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

The XML representations of quaternions in the ADdhstituent messages share a common
quaternion definition. However, there are some edéiices in those definitions in the
underlying KVN definitions of the APM and AEM. As ithe KVN representation of the
guaternion, it is possible to code the tags forikdévzidual components of the quaternion (Q1,
Q2, Q3, QQC) in either of the standard orders (s&lar component first or last). The following
examples are meant to illustrate the standardefareisenting quaternions in the AEM.

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

<attitudeState>
<quat er ni onSt at e>
<EPOCH>2004- 100T00: 00: 00</ EPOCH>
<quat er ni on>
<Q1>0. 00005</ Q1>
<@>0. 87543</ Q2>
<@3>0. 40949</ B>
<QC>0. 25678</ QC>
</ quat er ni on>
</ quat er ni onSt at e>
</attitudeState>

Here is an example AEM quaternion for a ‘QUATERNIDERIVATIVE’ ephemeris data
line:

<attitudeSt at e>
<quat er ni onDeri vati ve>
<EPCCH>2004- 100T00: 00: 00</ EPOCH>
<qguat er ni on>
<Q1>0. 00005</ Q1>
<@>0. 87543</ Q2>
<@3>0. 40949</ B>
<QC>0. 25678</ QC>
</ quat er ni on>
<quat er ni onDeri vative>
<Ql_DOT>0. 002</ Q1_DOT>
<@ DOr>0. 003</ @2 DOT>
<@_DOT>0. 004</ @B_DOT>
<QC_DOT>0. 001</ QC_DOT>
</ quat er ni onDeri vati ve>
</ quat er ni onDeri vative>
</attitudeState>
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6.7 CREATING AN ACM INSTANTIATION

6.7.1 An ACM instantiation shall be delimited with tk@cn></ acn® root element tags
using the standard attributes documented in REgf. [4

6.7.2 The final attributes of theacn® tag shall be ‘id’ and ‘version’.

6.7.3 The ‘id’ attribute shall bei ‘d=" CCSDS ACM VERS"'.

6.7.4 The ‘version’ attribute for the version of the ACdi&scribed in Section ATTITUDE
Comprehensive Message (ACM)5 shall ber'si on="2. 0" ".

6.7.5 The standard NDM header shall follow #acn> tag (see Ref. [4]).

6.7.6 The ACM<body> shall consist of a singkesegnent > construct.

6.7.7 The<segnent > shall consist of &net adat a> section and &dat a> section.

6.7.8 The keywords in thenet adat a> and <dat a> sections shall be those specified in
Section 5. The rules for including any of the keyvtags in the ACM/XML are the same as
those specified for the ACM in Section 5.

6.7.9 Tags for keywords specified in Section 5 shall be@percase.

6.7.10 Several of the ACM/XML keywords may have the utitihute.

6.7.11 In all cases, the units shall match those defindtié tables in Section 5.

6.7.12 Thefollowing-tableTable 6-lists examples of the use of units in the ACM/XML.
Fable 6-6—Example Unitsfor ACMMXML/Table 6-6: Example Units for ACM/XML

Keyword Units Example
SENSOR NO SE_STDDEV_| | deg <SENSOR NO SE_STDDEV_| uni ts="deg" >nuneri c-
val ue</ SENSCR NO SE STDDEV | >
TARGET_SPI NRATE deg/s <TARGET_SPI NRATE uni t s="deg/ s" >nuneri c-
val ue</ TARGET SPI NRATE>
SIGVA V deg/s**0.5 | <SIGVA V units="deg/s**0. 5" >nuneri c-
val ue</ SI GVA V>
SIGVA U deg/s**1.5 | <SIGVA U units="deg/s**1. 5" >nuneric-
val ue</ SI GVA U>
SENSCOR FREQUENCY Hz <SENSOR_FREQUENCY uni t s="Hz" >nuneri c-
val ue</ SENSOR FREQUENCY>
MASS kg <MASS uni t s="kg">nuneri c-val ue</ MASS>
| XX kg* n* 2 <I XX uni t s="kg*nt*2" >nuneri c- val ue</ | XX>
CP n <CP uni ts="n >nuneri c-val ue</ CP>
TARGET_MOVENTUM N* n¥' s <TARGET_MOVENTUM uni t s=" N*n¥s" >nuneri c-
val ue</ TARGET MOVENTUN>
TAl MUTC TZERO S <TAI MUTC TZERO uni t s="s">nuneri c-
val ue</ TAl MUTC TZERO>
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6.7.13 In addition to the ACM keywords specified in Sent®, there are some special tags
associated with the ACM body as described in the sectionsand given in Table 6:7

TFable 6--—ACMBlocks-and Fags.Tabl&-7: ACM Blocks and Tags

: ADM/XML ACM Data Line Tag

ACM Logical Block Section Tags

Attitude Data <att> <attLine>
Space Object Physical Characteristics <phys> N/A
Covariance Data <cov> <covLine>
Maneuver Data <man> N/A
Attitude Determination Data <ad> N/A
User-Defined Parameters <user> N/A

6.7.14 Between the begin tag and end tag (e.q., betwetn atad </att>), the user must place
the keywords required by the specific ACM sectierspecified in Section 5.

6.7.15 The data type of the <attLine> and <covLine> eleimé&n'"xsd:string", i.e., there is no
validation of the contents and the line must bes@arby the ACM recipient to access the
individual components of the attitude or covarialhice.

6.7.16 The number of individual components in the multipaxattLine> shall be determined
by the number of components in the value for thel ATYPE keyword, plus one for the

timetag.

! : all- B+ NY/2 bly 0 agThe
number of individual components in the multipartteovLine> shall be determined by the
number of components for the COV TYPE keywordss @oe for the timeta
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6.8 CREATING A COMBINED INSTANTIATION

6.8.1 An ADM user may create an XML instance that incogbes any number of messages
from Sections 3 through 5 of this document in adabsuite called an ‘NDM (Navigation Data

Message) Combined Instantiation’. Such combinetbinigtions may be useful for some
situations, for example:

* A scenario where both a "with maneuver" messagadmdthout maneuver" message are
combined in a single message.

* A constellation scenario where states (APM) andfremeris data (AEM, ACM) for all
the spacecraft in the constellation are combinedsmgle XML message.

« A full AEM or ACM ephemeris with detail on importastates reflected in some number
of APMs. The AEM/ACM and the multiple APMs can benweniently conveyed in a

single NDM.

6.8.2 An NDM combined instantiation shall be delimitedtlwihe <ndn»</ ndn® root
element tags instead of one of the individual mgssags described irable 6-1

6.8.3 The standard attributes documented in Ref. [4] fimalised with thendn® tag, with
the exception that neither ‘id’ nor ‘version’ altuites are associated with tedn® tag.

6.8.4 In the NDM combined instantiation, the only attiibsl that shall appear on the
constituent message tags (i.e., the tags listed3nFigure Figure 6-26.3) are the ‘id’ and
‘version’ attributes.

6.8.5 Between the<ndne</ ndn® tags, the desired messages described ithéobigh 6.7
may be combined as needed to meet user requirements

6.8.6 Any combination of constituent ADM message typesynba used in an NDM
combined instantiation.

6.8.7 Figure 6-2 and Figure 6-3 illustrate the basic cgtme of an NDM combined

instantiation. All detail has been removed fromufe) 6-2 in order to contrast the single
message ADM with an NDM combined instantiation. k®wn in Figure 6-3, in an NDM

combined instantiation the individual message tdtishave the ‘id’ and ‘version’ attributes,

but the namespace attributes and schema locatiohuédés are associated only with the
<ndn® root element.
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<apne

<header >
</ header >

<body>
</ body>
</ apnp

<ndnp
<apnp
<header >
</ header >

<body>
</ body>
</ apnp

<apnp
<header >
</ header >

<body>
</ body>
</ apnp
</ ndnp

Figure 6-2: Comparison of Single Message APM with NDM Comisied Instantiation

The APMs shown in the right-hand column of Figw2 gay be replaced with any number of

AEM or ACM messages in any combination as neededdet user requirements, as shown in

Figure 6-3 below.
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<?xm version="1.0" encodi ng="UTF-8"?>
<ndm xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schen®- i nst ance"

xsi : noNanespaceSchenaLocati on="https://sanaregistry.org/r/ndnxm /ndnxm - 1. O-
mast er . xsd" >

<COWMVENT>Thi s figure conbines nultiple ADM XM. nessages into a single nessage</ COWENT>
<COMMVENT>Message detail is deleted in order to focus on the nmessage structure</ COWENT>
<COMMVENT>Not e use of "<ndnm®" root el enent, and ADM nessage/version attributes</ COWENT>

<apm i d="CCSDS_APM VERS" version="2.0">
<header >
</ header >
<body>
</ body>
</ apnp

<aem i d="CCSDS AEM VERS" version="2.0">
<header >
</ header >
<body>
</ body>
</ aenp

<apm i d="CCSDS_APM VERS" version="2.0">
<header >
</ header >
<body>
</ body>
</ apne

<aem i d="CCSDS AEM VERS" version="2.0">
<header >
</ header >
<body>
</ body>
</ aenp

<acm i d="CCSDS ACM VERS" version="2.0">
<header >
</ header >
<body>
</ body>
</ acnp

</ ndnp

Figure 6-3: NDM Combined Instantiation Showing Mix of ADMs and Use of Attributes

NOTE: See Figure <<TBD>> for a full example of ars= case combining multiple ADMSs in

a single XML message. For instructions on creatgimgmbined instantiation that incorporates

ADM/XML messages combined with other navigatioratetl messages, see Ref. [4].

6.9 SPECIAL SYNTAX RULES FOR ADM/XML

6.9.1 Most of the KVN syntax rules apply for ADM/XML inshtiations of an ADM,

however, there are a few variations describedighgéction that shall be observed.

6.9.2 Each mandatory XML tag must be present and cortaislid value.
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6.9.3 Integer values shall follow the conventions of theeger data type per Ref. [8].
Additional restrictions on the allowable range afues permitted for any integer data element
may also be defined in the ADM/XML Schema.

NOTE — Examples of such restrictions may includiefined range (e.qg., 0 - 100, 1 - 10,
etc.), a set of enumerated values (e.qg., 0,1,2.d Bie-defined specific variation
such as positivelnteger, or a user-defined data v@piation.

6.9.4 Non-integer numeric values may be expressed irereftked-point or floating-point
notation. Numeric values shall follow the conventimf the double data type per Ref. [8].
Additional restrictions on the allowable range afues permitted for any numeric data element
may also be defined in the ADM/XML Schema.

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

6.9.5 Text values shall follow the conventions of thésfrdata type per Ref. [8]. Additional
restrictions on the allowable range or values pgeadhifor any data element may also be
defined in the ADM/XML Schema.

NOTE — Examples of such restrictions may includeed of enumerated values (e.g.,
‘YES'/'NQ’) or other user-defined data type vari@ii

6.9.6 The units in the ADM/XML shall be the same unitedisn the KVN-formatted ADM
described in Sections 3 through 5. XML attributkallsbe used to explicitly define the units
or other important information associated with tlien data element. See the "A*M XML
Units" tables in this section for the APM, AEM, aA@M for coding examples.

6.9.7 Comments must be displayed as values betweeRGBWIVENT> and</ COMVENT >
tags.
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[ amepel ks Samsle

value</ SPI N-ANGLE VEL>
NUTATION dec ARl Sl best dloet mn e e en e el BILEDATEL Ol
NUTAT-ON-PER S <NUTATION-PER uni-t s="s" =puneri-c-value</ NJTATI ON_PER>
NUFATHON-PHASE | deg <NUTATHON-PHASE uni-t s="deg">puneric-

value</ NJFATI-ON-PHASE>
MAN-—DURATHON s <NMAN—DURATHON—tRE£5="5" >nuref-6—valte</ MAN-_DURATION>
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e anieid Llers
QL-DOF 1ls — —
ANGEET deg
ANGLE 2 deg
ANGLE-3 dec
ANGLE-1-DOT degl
ANGLE 2 DOT degls
ANGLE-3-DOF degls
degls
degh
degls
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7. ATTITUDE DATA MESSAGES KVN SYNTAX
7.1 INTRODUCTION

This section details the syntactic requirementsatotude messages. All APM, AEM and ACM
messages shall observe the syntax described iedidss 7.2 through 7.9.

7.2 APM

7.2.1 The APM shall be a plain text file, using keyworkdriptions given in 3.2.2 through
3.2.4.

7.3 AEM

7.3.1 The AEM shall be a plain text file, using the keydaescriptions given in 4.2.2
through4-2.5 4.2.4

7.4 ACM
7.4.1 The ACM shall be a plain text file, using the keyd®given in 5.2.3 through 5.2.10.
7.5 LINES

7.5.1 Each APM-_or AEM;-e+ACM line must not exceed 224SCII characters and spaces
fexcluding line termination charactg)}}.

7.5.2 ACM lines may be of arbitrary length. If exchanggveen the two parties requires a
maximum line length, that limit should be negotih#and agreed.

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

7.5.4 Blank lines may be used at any position withinftlee

7.5.5 Comment lines shall be optional. See 7.9.2 forildetagarding the placement of
comment lines in an APM. See 7.9.3 for details rdigg the placement of comment lines in
an AEM. See 7.9.4 for details regarding the plaa@nef comment lines in an ACM.

7.5.6 APM, AEM, and ACM lines shall be terminated by agie Carriage Return or a single
Line Feed, or a Carriage Return/Line Feed pairldna Feed/Carriage Return pair.

7.6 KEYWORDS

7.6.1 All header, metadata, and data lines, with excaptias noted in 7.6.9, shall use
‘keyword = value’ notation, abbreviated as KVN.

7.6.2 Only a single ‘keyword = value’ assignment shalhib@de on a line.
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7.6.3 Keywords must be uppercase and must not contanksla

7.6.4 Any white space immediately preceding or followittge keyword shall not be
significant.

7.6.5 Any white space immediately preceding or followithg ‘equals’ sign shall not be
significant.

7.6.6 Any white space immediately preceding the endrd ghall not be significant.
7.6.7 Any white space immediately preceding or followthg units shall not be significant.

7.6.8 The order of occurrence of mandatory and optiondNKassignments shall be fixed as
shown in table8-1.3-1, 3-23-2 and3-33-3for the APM, as shown in tablds?24-2and4-34-3
for the AEM, and as shown tables5-2 Table 5-2-threugh—~5-9 Table f©66the ACM.

7.6.9 The keywords COMMENTsection delimiterd START {where*is-different-from
"MANEUVER-EPOCH"Y and* STOP,anrdAEM data linesand some ACM data lineare
exceptions to the KVN syntax.

7.7 VALUES

7.7.1 Angle measurements shall be given in degrees, vathes between -360 and 360
degrees. If agencies wish to exchange using radiaissmust be specified in an ICD because
it is nominally outside the standard.

7.7.2 Blanks shall not appear within numeric values ame tvalues.

7.7.3 Integer values shall consist of a sequence of ddaiigits with an optional leading
sign (‘+’ or *-). If the sign is omitted, ‘+’ shadbe assumed. Leading zeroes may be used. The
range of values that may be expressed as an integer

-2,147,483,648 x < +2,147,483,647 (i.e., 32< x < 281-1)

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

7.7.4 Non-integer numeric values may be expressed irerefthed-point or floating-point
notation. Both representations may be used withiARM, AEM, or ACM.
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7.7.4.1 Non-integer numeric values expressed in fixed-poagtation shall consist of a
sequence of decimal digits separated by a peri@ddesimal point indicator, with an
optional leading sign (‘+’ or ‘-’). If the sign ismitted, ‘+’ shall be assumed. Leading and
trailing zeros may be used. At least 1 digit isuieed before and after a decimal point. The
number of digits shall be 16 or fewer.

7.7.4.2 Non-integer numeric values expressed in floatingvpaotation shall consist of a
sign, a mantissa, an alphabetic character indigaiie division between the mantissa and
exponent, and an exponent, constructed accorditigettollowing rules:

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

— The mantissa must be a string of no more than tbénd 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.

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

— The exponent must be an integer, and may haver @the 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. The mm positive floating-point value
is approximately 4.94E-324, with precision of 1§rsficant decimal digits.

7.7.5 These specifications for integer, fixed-point, dlo@ting-point values conform to the
XML specifications for the data types four-byte eigér ‘xsd:int’, ‘xsd:decimal’ and
‘xsd:double’ respectively. The specifications ftwating-point values conform to the IEEE
double precision typedference Ref. [5}{§] Floating-point numbers in IEEE extended-single |
or IEEE extended-double precision may be reprederiiat do require an ICD between
participating agencies because of their implemantagpecific attributes réference Ref.
[5]5}). Note that NaN, +Inf, -Inf, and -0 are not sugpdrvalues.

7.7.6 Text value fields must be constructed using onlyapercase or all lowercase.

7.7.7 A non-empty value field must be specified for ekelaword provided, except as noted
in 7.6.9.

7.7.8 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

7.7.9 Invalue fields that represent a timetag or epoak,of the following two formats shall
be used:

YYYY-MM-DDThh:mm:ss[.d-d][Z]
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or

YYYY-DDDThh:mm:ss[.d-d][Z]

where ‘YYYY' is the year, ‘MM’ is the two-digit moth, ‘DD’ is the two-digit day, ‘DDD’ is
the three-digit day of year, ‘T’ is constant, ‘himmss[.d-d] is the time in hours, minutes,
seconds, and optional fractional seconds; ‘Z’ isoptional time code terminator (the only
permitted value is ‘Z’ for Zulu, i.e., UTC)is many ‘d’ characters to the right of the period
may be used to obtain the required precision, uipéomaximum allowed for a fixed-point
number All fields shall have leading zeros. Se¢erence Ref. [3H3]ASCII Time Code A and
B.

NOTE: During a leap second introduction, the valfithe two-diqit integer seconds (ss) field
shall be ‘60" as specified on page 3-GeferenceRef 313}

7.7.10 A number of ACM keywords may be set to values doitig more than one number.
Examples include CP (see Table 5-5)Table 5-5: AQOta: Space Object Physical
Characteristics and TARGET MOMENTUM (see Table 580ch vectors shall be space-
delimited and provided serially on a single lindédwing the equals “=" sign, adhering to the
requirements for numeric values provided in theviongs sections.

7.8 UNITS
7.8.1 APM RESTRICTIONS

7.8.1.1 For clarity, units may be included as ASCII texeaf value, but they must exactly
match the units specified tableTable3-33-3(including case). If units are displayed, then:

a) there must be at least one blank character bettieevalue and the units text;
b) the units must be enclosed within square braclkegs, ([deg]’);

c) multiplication of units shall be denoted with aglmasterisk *’ (e.g., ‘[N*m]’);
d) division of units shall be denoted with a forwalass ‘/’ (e.qg., ‘[deg/s]);

e) exponents of units shall be denoted with a doutlersk ** (e.g., ‘[kg*m**2]’).
7.8.2 AEM RESTRICTIONS

7.8.2.1 Units shall not be displayed; the applicable uarts determined by the value set for
the ATTITUDE_TYPE keyword. Se¢2.4.44.2.5.3

7.8.3 ACM RESTRICTIONS
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7.8.3.1 Units for ACM keyword values shall not be displayagdplicable units are
specified in the “Units” column cFables5-4 Table 5-4... Table 5-Sthrough.5-9

7.9 COMMENTS
7.9.1 GENERAL

7.9.1.1 All comment lines shall begin with the ‘Commentykeord followed by at least
one space. This keyword must appear on every cotrlinennot just the first such line. The
remainder of the line shall be the comment valukit$\space shall be retained (shall be
significant) in comment values.

7.9.1.2 Comments may be used to provide provenance infavmat to help describe
dynamical events or other pertinent informatioroasgged 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

7.9.1.3 If accompanying descriptive text designed to cjaaiid/or remove ambiguities in
provided ADM data does not fit well into the singlemment line paradigm, it is
recommended that the APM, AEM or ACM producer conkey elements of that
information in comments and use an ICD to provigéer details.

791.37.9.1.4Comments may be in any case desired by the user.

7.9.2 APM SPECIFIC

7.9.2.1 Comments are optional and may appear only at thmbieg of the APM Header
and APM Metadata sections, as shown in taBlé8-1and3-23-2 In the APM Data section,
comments shall appear only at the beginning ofjacé block. Comments must not appear
between the components of any logical block inAR& Data section. The logical blocks in
the APM Data section are indicatedidple Table3-33-3

7.9.3 AEM SPECIFIC

7.9.3.1 Comments are optional and may appear only aftesgbeification of the keyword
CCSDS_AEM_VERS, at the beginning of Metadata sast{@nly after META_START and
before OBJECT_NAME), and immediately following tbATA_START keyword.
Comments must not appear between attitude ephedaddines, nor after the
DATA_STOP keyword. Se€able 4-2Fable4-2 andable 4-3Fable-4-3-and-Fable4-4

7.9.4 ACM SPECIFIC
7.9.4.1 Comments are optional and may appear at the begjriithe ACM Header,

ACM Metadata section, and after the start of eacluded-ACM -Data block See—as
shown-intables Table 5-4 —5-4-through 5-9Tabfe 5-
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ANNEX A

IMPLEMENTATION CONFORMANCE
STATEMENT (ICS) PROFORMA

(NORMATIVE)
Al INTRODUCTION
Al.1l OVERVIEW

This annex provides the Implementation ConformaBtement (ICS) Requirements List
(RL) for an implementation of the Attitude Data Mages. The ICS for an implementation is |
generated by completing the RL in accordance wighnistructions below. An implementation
claiming conformance must satisfy the mandatoryiregqnents referenced in the RL.

Al1.2 ABBREVIATIONS AND CONVENTIONS

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

[tem Column
The item column contains sequential numbers fonsten the table.

Feature Column

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

Status Column

The status column uses the following notations:

- M mandatory;

- 0 optional,

- MCg conditionalmandatory under condition;
- OC optional under condition;;

- X prohibited;

-1 out of scope;

— N/A not applicable.
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Support Column Symbols

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

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

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

Al1.3 INSTRUCTIONS FOR COMPLETING THE RL

An implementer shows the extent of compliance édRecommended Standard by completing
the RL; that is, the state of compliance with ahndatory requirements and the options
supported are shown. The resulting completed Rtaied an ICS. The implementer shall
complete the RL by entering appropriate respomnsése support or values supported column,
using the notation described in A1.2. If a conaitibrequirement is inapplicable, N/A should
be used. If a mandatory requirement is not satiseeception information must be supplied
by entering a reference Xwvherei is a unique identifier, to an accompanying ratieriar the
noncompliance.

A2 ICS PROFORMA FOR THE ATTITUDE DATA MESSAGE
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 Implementation Under Test

Implementation Name

Implementation Version

Special Configuration

Other Information
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A2.1.3 lIdentification 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

504.0-B-2
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.

A2.2 REQUIREMENTS LIST

[See CCSDS A20.1-Y-1CCSDS Implementation Conformance Statemg@rgiow Book,
Issue 1, April 2014).]

Note: in the following sections, the nomencalurthisfollowing for the “Status” column:
- M: Mandatory

- O: Optional

- MC: Mandatory under the condition that the blgcktaining the keyword is present

- OC: Optional under the condition that the blooktaining the keyword is present

A2.2.1 Attitude Parameter Message Requirements list

Item Feature Keyword Reference Status Support
APM Header N/A Table3-1 | N/A
1 APM Version CCSDS_APM_VERS Table 3-1 M
2 Comment COMMENT Table3-1 |O
3 | Message creation CREATION DATE Table3-1 |M
date and time s
4 Message originator ORIGINATOR Table 3-1 M
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5 Unique message (0]

5 | Unique message MESSAGE_ID Table31 |2
identifier
OPM Metadata N/A Table3-2 | N/A

6 | Comment COMMENT Table3-2 | O

7 Name of space object | OBJECT NAME Table 3-2 M

8 Identifier of space

8 Ide_ntlfler of space OBJECT ID Table 3-2 M
object - -

9 Orbit center CENTER_NAME Table3-2 | O

10 | Time system TIME_SYSTEM Table3-2 | M
applicable to data -
APM Data N/A Table 3-3 | N/A

11 Comment COMMENT Table 3-3 6]

12 Epoch of the state EPOCH Table 3-3 M
vector R —
Quaternion block N/A Table 3-3 | N/A

13 Start of block QUAT _START Table 3-3 MC

14 Comment COMMENT Table 3-3 ocC

15 Reference frame REF_FRAME A MC
starting point ITable 3-3 -

16 | Reference frame end | REF_FRAME B Table 33 | MC
point I

17 | Quaternion Q1 Table 33 | MC
component 1

18 | Quaternion Q2 Table 3-3 | MC
component 2

19 Quaternion Q3 Table 3-3 MC
component 3 -

20 Quaternion QcC MC
component 4 (real Table 3-3
part)

21 Quaternion derivative | Q1 DOT Table 3-3 ocC
component 1 —

22 Quaternion derivative | Q2 DOT ) ocC
component 1 Table 3-3

23 Quaternion derivative | O3 DOT Table 3-3 ocC
component 3 -

24 Quaternion derivative | QC DOT ocC
component 4 (real Table 3-3
part)

25 End of block QUAT_STOP Table 3-3 MC
Euler block N/A Table 3-3 | N/A

26 Start of block EULER START Table 3-3 MC

27 Comment COMMENT Table 3-3 | OC

28 Reference frame REF_FRAME A Table 3-3 | MC
starting point —

29 | Reference frame end | REF_FRAME B Table 33 | MC
point

30 | Rotation sequence EULER ROT _SEOQ Table 3-3 | MC

31 Rotation angle 1 ANGLE 1 Table 3-3 MC

32 Rotation angle 2 ANGLE 2 Table3-3 | MC

33 Rotation angle 3 ANGLE_3 Table 3-3 MC

34 | Rotation angle 1 ANGLE 1 DOT ocC

34 | Rotation angle 1 ANGLE 1 DOT Table 3.3 | €
derivative I
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35 Rotation angle 2 ANGLE 2 DOT Table 3-3 ocC
derivative -
36 Rotation angle 3 ANGLE 3 DOT Table 3-3 ocC
derivative -
37 End of block EULER_STOP Table 3-3 | MC
Angular velocity block | N/A Table 3-3 | N/A
38 Start of block ANGVEL START Table3-3 | MC
39 Comment COMMENT Table 3-3 ocC
40 | Reference frame REF_FRAME A Table 3.3 | MC
starting point —_
41 Reference frame end | REF_FRAME B Table 3-3 | MC
point I
42 Reference frame ANGVEL_FRAME Table3-3 | MC
43 | Angular velocity X ANGVEL X Table 3-3 | MC
coordinate -
44 | Angular velocity Y ANGVEL Y Table 3-3 | MC
coordinate -
45 Angular velocity Y ANGVEL Z Table 3-3 MC
coordinate -
46 End of block ANGVEL_STOP Table 3-3 | MC
Spin block N/A Table 3-3 | N/A
47 Start of block SPIN_START Table 3-3 | MC
48 Comment COMMENT Table 3-3 ocC
49 | Reference frame REF_FRAME A Table 3.3 | MC
starting point -
50 | Reference frame end | REF_FRAME B Table 3-3 | MC
point I
51 Right ascension SPIN_ALPHA Table 3-3 | MC
52 Declination SPIN_DELTA Table 3-3 MC
53 Phase SPIN_ANGLE Table3-3 | MC
54 | Angular velocit SPIN_ANGLE_VEL Table 33 | MC
55 Nutation angle NUTATION Table 3-3 MC
56 Nutation period NUTATION_PER Table3-3 | MC
57 Nutation phase NUTATION PHASE Table 3-3 MC
58 End of block SPIN_STOP Table 3-3 MC
Inertia block N/A Table3-3 | N/A
59 Start of block INERTIA_START Table3-3 | MC
60 Comment COMMENT Table 3-3 ocC
61 Reference frame INERTIA_REF _FRAME Table3-3 | MC
62 Moment about X IXX Table 3-3 MC
63 Moment about Y Yy Table 3-3 MC
64 Moment about Z 12z Table3-3 | MC
65 Cross product X-Y IXY Table 3-3 MC
66 Cross product X-Z Xz Table 3-3 MC
67 Cross product Y-Z Yz Table 3-3 MC
68 End of block INERTIA_STOP Table3-3 | MC
Maneuver block N/A Table3-3 | N/A
69 Start of block MAN_START Table 3-3 MC
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70 Comment COMMENT Table 3-3 ocC
71 Epoch of maneuver MAN_EPOCH_START Table 3-3 MC
72 Maneuver duration MAN_DURATION Table 3-3 MC
73 Reference frame MAN_REF_FRAME Table 3-3 MC
74 Torgue — X coordinate | MAN_TOR_X Table 3-3 MC
75 Torque — Y coordinate | MAN_TOR_Y Table 3-3 MC
76 Torque — Z coordinate | MAN_TOR Z Table 3-3 MC
77 Mass variation DELTA MASS Table 3-3 ocC
78 End of block MAN_STOP Table 3-3 MC
A2.2.2 Attitude Ephemeris Message Requirements list
Iltem Feature Keyword Reference Status Support
AEM Header N/A Table 4-2 N/A
1 AEM Version CCSDS AEM _VERS Table 4-2 M
2 Comment COMMENT Table 4-2 o)
3 | Message creationdate | ~peaTiON DATE Table42 | M
and time
4 Message originator ORIGINATOR Table 4-2 M
5 Unique message (0)
5 | Unique message MESSAGE_ID Table 42 | &
identifier
Metadata logical block N/A Table 4-3 N/A
6 Start of AEM Metadata META START Table 4-3 M
7 Comment COMMENT Table 4-3 0
8 Name of space object OBJECT NAME Table 4-3 M
9 Identifier of space object | OBJECT ID Table 4-3 M
10 | Orbit center CENTER _NAME Table 4-3 )
11 [F){oei];]etrence frame starting REF ERAME A Table 4-3 M
12 E;‘;etrence frame end REF_FRAME B Table4-3 | M
13 | Time system applicable | 1)\\e sysTEM Table4-3 | M
to data -
14 Start of total time span START TIME Table 4-3 M
covered by data - -
15 ?:)er: of useable time USEABLE START TIME Table 4-3 0
16 SES:nof useable time USEABLE STOP_TIME Table 4-3 o
17 End of total time span STOP TIME Table 4-3 M
covered by data - -
18 ;Il'r\]/gs of attitude data ATTITUDE TYPE Table 4-3 M
19 | Rotation sequence EULER _ROT_SEQ Table 4-3 e}
20 Reference fra_me for ANGVEL FRAME Table 4-3 o
angular velocity vectors -
21 Recomm(_ended INTERPOLATION_METHOD Table 4-3 o
interpolation method -
22 Recommended INTERPOLATION DEGREE Table 4-3 o
interpolation degree - -
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23 End of OEM Metadata META_STOP Table 4-3 M
Data logical block N/A Table 4-3 N/A
24 Ephemeris lines <insert ephemeris data lines here> | Tgple 4-4 M
A2.2.3 Attitude Comprehensive Message Reguirements list
ACM Header
ltem | Feature Keyword Reference Status | Support
ACM Header N/A Table 5-2 N/A
1 ACM Version CCSDS _ACM VERS Table 5-2 M
2 | Comment COMMENT Table5-2 | O
3 Message creation date
and time CREATION_DATE Table 5-2 M
4 Message originator ORIGINATOR Table 5-2 M
5 Unigque message identifier | MESSAGE _ID Table 5-2 (0]
ACM Metadata
ltem | Feature Keyword Reference | Status | Support
8 | Metadata logical block N/A Table 5-3 | N/A
6 ACM Metadata Start META START Table 5-3 M
7 | Comment COMMENT Table 5-3 [e]
8 | Classification CLASSIFICATION Table 5-3 [e]
9 ggizccfcraft name for the OBJECT NAME Table 5-3 M
10 | International designator INTERNATIONAL DESIGNATOR Table 5-3 o
for the object —_ =
11 | Satellite catalog source CATALOG _NAME Table 5-3 ¢}
12 _UnlgL_J_e sa_ltelllte _ OBJECT DESIGNATOR Table 5-3 o
identification designator -
13 Message originator or ORIGINATOR POC
programmatic Point-of- Table 5-3 (6]
Contact
14 | Contact position of the ORIGINATOR _POSITION
— Table 5-3
originator PoC
15 | Originator PoC phone ORIGINATOR PHONE Table53 |0
number -
16 | Originator PoC address ORIGINATOR_ADDRESS Table5-3 | O
17 | Unigue identifier of linked | ODM_MSG_LINK
Orbit Data Message(s) Table 5-3 o
18 | Name of orbited object CENTER_NAME Table 5-3 o)
19 '(Ij'g?ae system used for the | TIME _SYSTEM Table 5-3 M
20 | Default epoch to which all | EPOCH_TZERO
relative times are Table 5-3 M
referenced
21 | Message contents ACM_DATA ELEMENTS Table 5-3 o]
22 | Time of the earliest data | START TIME Table5-3 | O
23 | Time of the latest data STOP_TIME Table5-3 | O
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24 Difference (TAI-=UTC) in | TAIMUTC AT TZERO Table 5-3 o
seconds —
25 | Metadata Stop META STOP Table 5-3 M
ACM Data: Attitude State Time History
Ite Feature Keyword Reference Status | Support
Attitude state time history N/A Table 54 | NIA
logical block —
26 | Attitude state time history | ATT _START Table 5-4 MC
start -
27 | Comment COMMENT Table 5-4 ocC
28 Identification number for ATT ID
this attitude state time Table 5-4 ocC
history block
29 Identification number for ATT PREV ID
the previous attitude time Table 5-4 ocC
history
30 Basis of this OrbifAttitude | ATT _BASIS
State time history data Table 5-4 oc
31 | Reerenceliame stafind | Rer FRAME A Table54 | MC
32 | Reterence frame end REF_FRAME B Table5-4 | MC
33 | Number of states NUMBER STATES Table 5-4 | MC
34 | Type of attitude data ATT TYPE Table5-4 | MC
35 | Type of rate data RATE TYPE Table 5-4 ocC
36 ﬁ_CM attitude state time <insert orbit state time history here> Table 5-4 MC
istory I
37 | Attitude state time history | ATT_STOP Table5-4 | MC
end S
ACM Data: Space Object Physical Characteristics
Ite Feature Keyword Reference | Status | Support
Space Object Physical
Characteristics logical N/A Table 5-5 N/A
block
38 Start of a Space Object PHYS START
Physical Characteristics Table 5-5 MC
specification
39 | comment COMMENT Table5-5 | OC
40 | Drag Coefficient DRAG_COEFF Table 5-5 ocC
41 | Space object total mass WET MASS Table 5-5 ocC
42 | Space object dry mass DRY_MASS Table 5-5 ocC
43 Coordinate system for the | CP_REF FRAME Table 5-5 oc
center of pressure vector. e
44 Vector location of CP
spacecraft center of Table 5-5 ocC
pressure
45 Coordinate system for the | INERTIA_REF_FRAME
inertia tensor. Table 5-5 oc
46 | Moment about X. IXX Table 5-5 ocC
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ltem | Feature Keyword Reference Status | Support
47 | Moment about Y. Yy Table 5-5 ocC
48 | Moment about Z. 1zz Table 5-5 ocC
49 | Cross Product X-Y XY Table 5-5 ocC
50 | Cross Product X-Z 1Xz Table 5-5 ocC
51 Cross Product Y-Z 1Yz Table 5-5 ocC
52 End of the Space PHYS STOP
Object Phy' s!cal Table 5-5 MC
Characteristics —
specification
ACM Data: Orbit State Covariance Time History
ltem | Feature Keyword Reference Status | Support
Coyarlance time history N/A Table 5-6 N/A
logical block -
53 Start of a covariance time | COV_START
history section Table 5-6 MC
54 | Comment COMMENT Table5-6 | OC
55 Identification number for CoVv_ID
this covariance time Table 5-6 oC
history block
56 Identification number for COV_PREV_ID
the previous covariance Table 5-6 oC
time history
57 Basis of this covariance COV_BASIS Table 5-6 oc
time history — -
58 | Reference frame of the COV_REF_FRAME Table 5-6 oc
covariance time history — -
59 | covariance composition COV_TYPE Table 5-6 MC
60 | covariance data <Insert covariance data here> Table 5-6 MC
61 End of a covariance time CQOV_STOP Table 5-6 MC
history section — —
ACM Data: Maneuver Specification
Ite Feature Keyword Reference Status | Support
Mapeuver time history N/A Table 5-7 N/A
logical block — — —
62 Start of a maneuver data MAN_START Table 5-7 MC
block lable o-7 MC
63 | Comment COMMENT Table 5-7 ocC
64 Identification number for MAN _ID
this maneuver Table 5-7 oc
65 | Identification number for MAN PREV 1D Table 5-7 oc
the previous maneuver - -
66 Specifies the purpose of MAN PURPOSE Table 5-7 MC
the maneuver - —
67 | start time of maneuverre | MAN_BEGIN Table 5-7 | MC
68 | End time of maneuverre | MAN_END Table5-7 | MC
69 | Length of maneuver MAN_DURATION Table 5-7 MC
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Item | Feature Keyword Reference | Status | Support
70 | Actuator used for the ACTUATOR USED Table 5-7 MC
maneuver -

71 | Target momentum TARGET MOMENTUM
components
72 | Target quaternion TARGET ATTITUDE
components

73 | Target spin rate TARGET_SPINRATE Table 5-7 ocC
74 | End maneuver data block | MAN_STOP Table 5-7 M

Table 5-7 ocC

Table 5-7 ocC

9]

@]

ACM Data: Attitude determination

Item | Feature Keyword Reference | Status | Support
Covariance time
history logical N/A Table 5-8 | N/A
block
75 | Start of an attitude | AD_START
determination Table 5-8 | MC
section
76 | Identification AD_ID
number for this
attitude Table 5-8 | OC
determination
block
77 | Identification AD_PREV_ID
number for the
previous attitude Table 5-8 ocC
determination
block
78 | Type of attitude AD_METHOD
determination Table 5-8 oC
method
Source of attitude ATTITUDE _SOURCE
estimate

Number of states | NUMBER_STATES Table 5-8

Type of attitude ATTITUDE STATES
dataReference
frame of the Table 5-8 MC
covariance time
history

82 | Type of attitude COV_TYPE
error state included
83 Refe_rence_frame REE ERAME A Table 5-8
starting point —_—
84 | Reference frame
end point

85 | Type of rate states | RATE_STATES

~ | included Table 5-8

86 | Rate random walk | SIGMA_U Table 5-8

87 | Angle random SIGMA V Table 5-8

walk —
88 | Process noise RATE _PROCESS_NOISE_STDDEV
standard deviation
89 | Number of NUMBER SENSORS USED

- | Table 5-8
sensors used —

90 | Types of sensors SENSORS USED |
used in estimation

I\l
©

Table 5-8

IR 138
~|lo

Table 5-8

|O
@)

REF_FRAME B Table 5-8

Table 5-8

|O |O |O |O |O |O |§ |§
O (o ]lo (o (lollo]lo|lo

Table 5-8
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ltem | Feature Keyword Reference | Status | Support

91 | Number of noise NUMBER SENSOR NOISE COVARIANCE |
elements for Table 5-8 ocC
sensor |

92 | Standard deylatlon SENSOR _NOISE_STDDEV | Table 5-8 oc
of sensor noise -

93 | Frequency of SENSOR FREQUENCY | Table 5-8 oc
sensor | data —

94 | End of attitude AD_STOP
determination data Table 5-8 MC
section

ACM Data: User-Defined Parameters
Iltem | Feature Keyword Reference Status | Support

User Defined Parameters | N/A Table 5-9 N/A
logical block

95 User-defined parameters USER START Table 5-9

—_ MC

block start

96 | As defined by user, (User-defined keywords) Table 5-9 ocC
"essential information that
cannot be conveyed in
comment statements"

97 User-defined parameters USER _STOP Table 5-9 MC
block end
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ANNEX B
VALUES FOR SELECTED KEYWORDS

(NORMATIVE)
Bl OVERVIEW

The values in this annex representdbeeptable recommendedlues for selected keywords.
Each keyword’s values delineated here are presentther an APM—-e+~AEM, or ACM
message. For details and descriptions of the kejwmerpretations, the reader is directed to
reference Ref. [12]{2] If exchange partners wish to use different sgétirthey should be
documented in an ICD.

These recommended values are stored on the SAN/AstRemlobally accessible on the
CCSDS SANA registry website (see Ref. [9]).

Note that the message creator or recipient may twislutomate processing of SANA reqistry
normative content, which can be done by ingestimbmocessing of such content in electronic
format. These formats can be accessed via thaddgtlink on each reqistry, e.g. for the

Orbital Elements registry, a comma separated v@élieV) format can be exported at:

https://www.sanareqistry.org/r/orbital_elementspagtecsv _and a (JSON) format at:

https://www.sanaregistry.org/r/orbital _elementspagi=json. Note that both the reqgistry and
these electronic data formats contain the spetidicaof how many vector elements

corresponding to each keyword value.

Exchange partners may submit additional (new) kegw@lues for consideration of future
inclusion into the SANA reqistry by submitting a taiéed email request
(mailto:info@sanareqistry.org). The CCSDS AreaVorking Group responsible for the
maintenance of the ODM at the time of the requesie approval authority. Until a suggested
value is included in the SANA registry, exchangamers may define and use values that are
not listed in the SANA reqistry if mutually agrebdtween message exchange partners

B2 TIME_SYSTEM METADATA KEYWORD

The value associated with this keywergist shoulde selected from the full set of allowed
values enumerated in the SANA Registry:

* https://sanareqistry.org/r/time systems

B3 REF_FRAME KEYWORD VALUES
This section describes the allowable keywords éfgrence frames that can be used by ADM

messages. They are valid for keywords REF_FRAME *the APM, AEM and ACM |
messages, where **' denotes ‘A’ or ‘B’ and for tkeywordMAN_REF_FRAME.
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The value associated with these keywerast shoulde selected from the full set of allowed
values enumerated in one of the following SANA Reggs:

» https://sanareqistry.org/r/celestial body referefreenes
» https://sanareqistry.org/r/orbit relative refererfcames
» https://sanareqistry.org/r/spacecraft body refereftames

B4 ATTITUDE AND RATE TYPES

The following table enumerates the allowed values the keywords associated with
ATT_TYPE and RATE_TYPE in the ACM.

Keyword Value Meaning/Description

QUATERNION Coordinate transformation represented as
quaternionwith 4 elements. The scalar elemgnt
is always lastUnits are “dimensionless”. ,

EULER_ANGLES Coordinate transformation representét
three 3successive rotationsnits are “deq”.

DCM Coordinate transformation represented as a 3x3
matrix_Included as 9 elements listed by
columns. First 3 numbers are column one,
second 3 are column two, third 3 are column
three.Units are “dimensionless”.

ANGVEL Angular velocity vectarcontains 3 elements.
Units are “deq/s”.

Q_DOT Rate of change of the quaternianntains 4
elementsUnits are “"dimensionless /s”.

EULER_RATE Time derivative of the Euler anglesntains 3
elementsUnits are “deq/s”.

GYRO_BIAS Correction to gyro estimated angular eéio
contains 3 elementklnits are “deg/s”.

B5 ESTIMATOR TYPES

The following table enumerates the allowed valumstiie keyword AD_METHOD in the
ACM:

Keyword Value Meaning/Description

EKF Extended Kalman Filter, a sequential estimatiootigm
applied to spacecraft attitude determination. ©#&dditional
state vector components are included, such astigses or
angular velocity.
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TRIAD

TRIAXxial Attitude Determination, an algebraigethod for
determination of spacecraft attitude from a sdtvof vector
observations.

QUEST

QUuaternion ESTimator, an efficient, deterministicalthm to
estimate a spacecraft attitude quaternion.

BATCH

A batch least squares algorithm to estimptescraft attitude, and
optionally additional sensor parameters such ga@énts, biases,
scale factors.

Q_METHOD

Considered the best deterministic alganitho estimate &
spacecraft attitude quaternion. Requires use o€iganvalug
decomposition algorithmSeeRef. [107I13].

FILTER_SMOOTHER

A method to smooth noisy processeSeveral smoothing
approaches exist such as fixed-point, fixed-lad, fared-interval.
Used in ground applications to produce fine atgtedtimates fof
post-processing applications.

B6 COVARIANCE MATRIX TYPES

This section describes the allowable keywords émadance matrix types that can be used by

ACM messages.

Keyword Value

Meaning/Description

ANGLE

The diagonal elements of A3x3 matrix —the—diagonal-elemen
containng: a-Anqular errors about each spacecraft axis-iitswre

deg.

ANGLE_GYROBIAS

The diagonal elements of -a-A 6x6atrix —the—diagenal-elemen
containng: a-Anqgular errors about each spacecraft axis and ggo,
errors Units are deq for the anqular errors and aésgitsr the gyro
bias errors.

ANGLE_ANGVEL

The diagonal elements of -a-A 6x6atrix —the—diagenal-elemen
contairing —aAngular errors about each spacecraft axis and an
velocity errors Units are deg for the angular errors and asdffs the
angular velocity errors.

QUATERNION

The diagonal elements of a—A 4xdatrix the—diagonal—-element
containng :—gQuaternion errors-Units areN£A“dimensionless”for
the quaternion errors.

QUATERNION_GYROBIAS

The diagonal elements of -a-A 7xnatrix —the—diagonal-elemen

containng “=—aqQuaternion _errors and gyro bias errofslnits are
N/A“dimensionless’for the quaternion errors and desgfor the gyro
bias errors.

QUATERNION_ANGVEL

The diagonal elements of a—A 7xWatrix—the—diagonal-elemen

containng :0—CQuaternion errors and anqular velocity errerd)nits
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CLATE= RO S RORIAS | Shel Ceternlon crrare anclonfplC o d0 D wnltless
bias-errors d0-—3—€d0-C4| deglsec

cmguloenlesipiorers do-2-do-c/) deglsec

areN/A" dimensionles” for the quaternion errors and deeg for the
angular velocity errors.

B7 NORMATIVE REFERENCES FOR ATTITUDE AND SPACECRAFT
CONVENTIONS

B-1-SANA-Registry—ofAttitude and Spacecraft Conventioase defined in the following
SANA reqistry https://sanaregistry.org/r/attitude_and_spacearaftventions

B8 BS8-ORBIT CENTER KEYWORD VALUES

-A set of allowed values for the reference framaeekeywords CENTER NAME for APM,
AEM, and ACM  is enumerated in theANA Reaqistry of Orbit Centellgcated at:
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https://sanareqistry.org/r/orbit centers
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ANNEX C
CONVENTIONS FOR ADM DATA

(INFORMATIVE)
Cl OVERVIEW
This annex details the conventions used in thisioh@nt for the definition of Attitude data.
C2 QUATERNIONS

The quaternion called "from frame A to frame B'tisfined as the quaternion of the rotation
that transforms the basis vectors of frame A ih® 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:
QL =sin@?2) * e1
Q2 =sin@?2) * e
Qs =sin@?2) * e
Qc = cos(p'2)

where:
* (@is the rotation angle,
* e, & and e are the coordinates of the rotation axis in eiffeane A or frame B.

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

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

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

X = Mga * Xa

where Msa is a function of the quaternion components:

Qf — Q7 — Q5 + Q¢ 2(0,0Q:+030Q.) 2(0,0;—020Q.)
Mgy =[2(Q1Q:-Q3Q) —Qf+Q5-05+0Q2 2(Q:Q3+0,0Q,)
2(Q,0:+0:0.) 2(Q:Q:—Q: Q) —0Qf—Q3+0Q5+0Q¢

C3 EULER ANGLES

The Euler angles called "from frame A to frame B2 the rotation angles of the 3 successive
intrinsic rotations that transform frame A into frame B. |
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Let's call®s, 62, 83 the 3 rotation angles, ang &, a the respective rotation axes (X-axis, Y-
axis, or Z-axis). The images of the basis vectéifsamne A by the 3 successive rotations of
angleb; and axis g angleB. and axis g angleBs and axis aare the respective basis vectors
of frame B.

Example:

Let's consider the 3 successive rotations arouad axX, =Y, a=Z of respective angld},
02, Os.

Let's define the frame transformation matrix M stiodt:
XB = Mga * Xa

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

Then we have:

cosf; sinf; 0] [cosf, 0 —sinf,] [1 0 0
Mga =|—sinf; cosf; 0 0 1 0 } . [0 cos0, sin@lw
0 0 11 Isin6, 0 cos6, 0 —sin6; cosO,

C4 ANGULAR VELOCITY VECTOR

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

The components can be defined either in frame #haone B.
C5 SPIN DATA

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

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

The initial attitude is defined as the result afugcessive rotations of respective angles

spin—alphaSPIN_ALPHAspin—deltaSPIN _DELTAand-spin—angleSPIN_ANGL&round
the successive axes Z, Y, Z starting from frame A.

Nutation—angleNUTATIONS the angle between the principal axis (spin)aaiglthe
angular momentum.

Nutatioh—phaseNUTATION_PHASH#escribes the initial orientation of the spin arigshis
motion around the angular momentum vector.

-—amha—elel{a
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R e e I
=« Alpha - piis the offset angle

C6 INERTIA DATA

Inertia data consist of:

- Moments of inertia (diagonal terms)

- Inertial cross products (off diagonal terms)

_IXY IYY _IYZ

IXX _IXY _IXZ
I =
_IXZ _IYZ IZZ

The cross product terms are negative.

The inertia matrix is defined relative to a partacurame (defined by its axis and origin).
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ANNEX D
EXAMPLES

(INFORMATIVE)

D1 APM EXAMPLES

This section contains examples of Attitude Paramdessages.

Figure D-1Figure-B-1s a simple example with one quaternion.

Figure D-2Figure-B-2s a simple example with Euler angles.
Figure D-3Figure-B-3s a more complex example with several data blocks

CCSDS_APM VERS = 2.0
CREATI ON_DATE = 2003- 09- 30T19: 23: 57
ORI G NATCR = GSFC
NESSAGE | D = A7015Z1

COMVENT GECCENTRI C, CARTESI AN, EARTH FI XED

COMVENT OBJECT_I D: 1997- 809A074A

COWMMENT $I TIM = 1997 NOV 21 22: 26:18. 40000000, $ original launch tinme
OBJECT_NAME = TRWM

OBJECT_ID = 1997-074A 1997-009A

CENTER_NAME = EARTH

TI ME_SYSTEM = UTC

COMVENT Current attitude for orbit 335
COMVENT Attitude state quaternion
COMVENT Accuracy of this attitude is 0.02 deg RSS.
EPOCH = 2003- 09- 30T14: 28: 15. 1172
QUAT_START

REF_FRAME_A = SC BODY_1

REF_FRAME_ B = | TRF19-97

Q = 0. 00005

Q@ = 0.87543

(03] = 0. 40949

Q = 0.25678

QUAT_STOP

Figure D-1: APM example with quaternion
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CCSDS_APM VERS = 2.0

CREATI ON_DATE = 2006- 03- 13T13: 13: 33
ORI Gl NATOR = GSFC

MESSAGE | D = A701572
OBJECT_NAME = GOES-P

OBJECT_I D = 2006- 003A
CENTER_NAME = EARTH

TIME_SYSTEM = UTC

COMMENT GECSYNCHRONOUS, CARTESI AN, EARTH FI XED

COWMMENT OBJECT_I D: 2006- 003A

COWMENT $I TIM = 2006 FEB 5 03: 23: 45. 60000000, $ original launch tinme
COWENT Attitude given by Euler angles

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

EULER _START

COWENT Eul er angl es
REF_FRAME_A = BODY_FRAME A
REF_FRAME_B = | TRF19-97
EULER ROT_SEQ = YXY

ANGLE_1 = -26.78 [deg]
ANGLE_2 = 46. 26 [deg]
ANGLE_3 = 144.10 [deg]
EULER STOP

Figure D-2: APM File Example with Euler Angles
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CCSDS_APM VERS = 2.0

CREATI ON_DATE = 2004- 02- 14T19: 23: 57
ORI G NATOR = JPL

MESSACGE_I D = 900018

OBJECT_NAME = MARS SPIRIT

OBJECT_I D = 2004-003A

CENTER_NAVE = EARTH

TIME_SYSTEM = UTC

COMVENT GECCENTRI C, CARTESI AN, EARTH FI XED

COMMVENT OBJECT_I D: 2004-003
COWENT $I TIM = 2004 JAN 14 22:26:18. 400000, $ original launch tine 14:36

COMVENT Generated by JPL

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

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

QUAT_START

COMMVENT Attitude state quaternion (ref frame = | TRF19-97)
REF_FRAME_A = | TRF19-97

REF_FRAME B = | NSTRUMENT_A

Q = 0. 03123

Q = 0.78543

(e¢} = 0.39158

Qc = 0.47832

QUAT_STOP

QUAT_START

COMMVENT Attitude state quaternion (ref frane = | CRF)
REF_FRAME_A = ICRF

REF_FRAME B = | NSTRUMENT_A

QL = 0. 02478

Q@ = 0.78576

(e¢} = 0. 39552

(06 = 0. 47491

QUAT_STOP

| NERTI A_START

COMMENT Spacecraft Inertia Paraneters
| NERTI A_REF_FRAME = SC BODY_1

XX = 6080.0 [Kkg*nt*2]
1YY = 5245.5 [kg*nt*2]
122 = 8067.3 [kg*mt*2]
I XY = -135.9 [kg*mt*2]
| XZ =89.3 [kg*mt*2]
74 =-90.7 [kg*mt*2]
| NERTI A_STOP

MANELVER START

COWENT Data follows for 1 planned maneuver.

COMMENT First attitude maneuver for: MARS SPIRIT
COMMENT | npul sive, torque direction fixed in body frame

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

MAN DURATION =3  [s]
MAN_REF_FRAME = | CRF
MAN_TOR X =-1.25 [Nnj
MAN_TOR_Y =-0.5 [Nnj
MAN _TOR Z =05 [N~

MANEWVER STOP

Figure D-3: APM File Example with various contents
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D2 AEM EXAMPLES
This section contains examples of Attitude Ephesiglessages.

Figure D-4Figure-B-4s an example of an AEM. Note that some attitysleeeneris lines were
omitted.

CCSDS_AEM VERS = 2.0
CREATI ON_DATE = 2002- 11- 04T17: 22: 31

ORI G NATOR = NASA/ JPL
MESSACGE_I D = A7015Z3
META_START

COMMVENT This file was produced by MR Sonebody, MSOO NAV/ JPL.
COMMENT It is to be used for attitude reconstruction only. The relative accuracy of these
COMMENT attitudes is 0.1 degrees per axis.

OBJECT_NAME = MARS GLOBAL SURVEYOR
OBJECT_I D = 1996- 062A
CENTER_NAVMVE = MARS BARYCENTERmars—barycent-er
REF_FRAMVE_A = EME2000
REF_FRAVE_B = SC BODY_1
TI ME_SYSTEM = UTrc
START_TI ME = 1996-11-28T21: 29: 07. 2555
ME

USEABLE_START

= 1996-11-28T22: 08: 02. 5555
USEABLE_STOP_T = 1996-11-30TO01: 18: 02. 5555
STOP_TI ME 1996- 11-30TO01: 28: 02. 5555

ATTI TUDE_TYPE = QUATERNI ON

TI
|

II%

| NTERPOLATI ON_METHOD = hermte
| NTERPCLATI ON_DEGREE = 7
META_STOP

DATA_START

1996-11-28T21: 29: 07. 2555 0.56748 0.03146 0.45689 0.68427

1996-11-28T22: 08: 03. 5555 0. 42319 -0.45697 0.23784 0.74533

1996- 11- 28T22: 08: 04. 5555 - 0. 84532 0.26974 -0.06532 0.45652
< intervening data records onmtted here >

1996-11- 30T01: 28: 02. 5555 0. 74563 -0.45375 0.36875 0.31964

DATA_STOP

META_START

COMMENT This bl ock begins after trajectory correcti on maneuver TCM 3.
OBJECT_NAME = mars gl obal surveyor

OBJECT_I D = 1996- 062A

CENTER_NAME = MARS BARYCENTER

REF_FRAMVE_A = EME2000

REF_FRAVE_B = SC _BODY_1

TI ME_SYSTEM urc

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

%II 1

= 1996-12-18T12: 10: 00. 5555

USEABLE_START_TI
I = 1996- 12- 28T21: 23: 00. 5555

USEABLE_STOP_T

II%

STOP_TI NE 1996- 12- 28T21: 28: 00. 5555
ATTITUDE_TYPE = QUATERNI ON

META_STOP

DATA_START

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

1996- 12- 18T12: 10: 05. 5555 0. 87451 -0.43475 0.13458 0.16767

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

1996- 12-28T21: 28: 00. 5555 -0. 25485 0.58745 -0.36845 0.67394

DATA STOP

Figure D-4: AEM Example
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Figure D-5Figure-D-3s an example of an AEM describing a spinning speaft. Note that

some attitude ephemeris lines were omitted.

CCSDS_AEM VERS

CREATI ON_DATE

2.0

2008-071T17: 09: 49

ORI G NATOR GSFC FDF
MESSAGE_| D 7077456

META_START

OBJECT_NAME = ST5-224

OBJECT_I D = 2006- 224A
CENTER_NAME = EARTH

REF_FRAME_ A = J2000

REF_FRAME B = SC BODY 1
TIME_SYSTEM = UTC

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- 090TO05: 00: 00. 946

ATTI TUDE_TYPE = SPIN

META_STOP

DATA_START

COMVENT 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

Figure D-5: AEM Spinner Example

D3 ACM EXAMPLES
This section contains examples of Attitude Compnehe Messages.

Figure D-6Figure-B-&hows an example with a time history of attitutdges; it constitutes a
minimal content ACM.

Figure D-7Figure-B-7is an example of ACM which includes a maneuvehwvassociated
attitude history

Figure D-8Figure-D-& an example of ACM which includes object’s plogsicharacteristics.

Figure D-9Figure-B-9s an example with attitude state covariance tims¢éory and attitude
determination data.
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CCSDS_ACM VERS
CREATI ON_DATE
ORI G NATOR

2.0
1998- 11-06T09: 23: 57
JAXA

MESSAGE I D = A7015Z4

META_START
OBJECT_NAMVE

EURCBI RD- 4AGOBZIHEEA-5

| NTERNATI ONAL_DESI GNATCR = 2000- 052A

TI ME_SYSTEM
EPOCH_TZERO
META_STOP

ATT_START
REF_FRAME_A
REF_FRAME_B

NUMBER_STATES = 4
ATT_TYPE = QUATERNI ON

0.0 0. 73566
0. 73529
0. 73492

0.25
0.50

< addi tional
ATT_STOP

urc
1998-12-18T14: 28: 15. 1172

J2000
SC_BODY

- 0. 50547 0. 41309
-0.50531 0. 41375
-0.50515 0. 41441

data records omtted here >

0.180707
0.181158
0.181610

Figure D-6: Simple/Succinct ACM File example
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CCSDS_ACM VERS

2.0

CREATI ON_DATE 2017-12-01T00: 00: 00
ORI G NATOR = NASA
MESSAGE_|I D = A7015Z5

META_START

OBJECT_NAME = SDO

| NTERNATI ONAL_DESI GNATOR = 2010- 005A

TI ME_SYSTEM = Urc

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

ATT_START

COMVENT OBC Attitude and Bias during nonentum nanagenent naneuver
REF_FRAVE_A = J2000

REF_FRAVE_B = SC_BODY
NUVBER_OF_STATES = 7

ATT_TYPE = QUATERNI ON

RATE_TYPE = GYRO_BI AS

0. 000000 0.1153 -0.1424 0.8704 0.4571 2.271e-06 -4.405e-06 -3.785e-06
2.000000 0.1153 -0.1424 0.8704 0.4571 2.271e-06 -4.405e-06 - 3. 785e-06
< intervening data records onmtted here >

99. 80183 0.1017 -0.1332 0.8806 0.4433 2.587e-06 8. 769e-06 5. 436e-06
< intervening data records onmtted here >

599. 80275 0.1152 -0.1423 0.8704 0.4571 2.48e-06 -4.350e-06 -3.779%e-06

ATT_STOP

MAN_START

COVMENT Monent um managenent maneuver
MAN_PURPOSE = MOM _DESAT

MAN_BEG N = 100.0

MAN_DURATI ON = 450.0

ACTUATCOR_USED = ATT- THRUSTER

TARGET_MOVENTUM [1.30, -16.400, -11.350]

MAN_STOP

AD_START

COVVENT SDO Onboard Filter
AD_NMETHOD = EKF

ATTI TUDE_SOURCE = OBC

NUMBER_SENSCORS_USED = 4

SENSORS_USED 1 = AST1
SENSORS_USED 2 = AST2
SENSORS_USED 3 = DSS
SENSORS_USED 4 = | MJ

AD_STCP

Figure D-7: ACM example with Attitude State Time History, Maneuver Specification,
and Attitude Determination Data
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CCSDS_ACM VERS = 2.0

1998-11- 06T09: 23: 57
JAXA

CREATI ON_DATE
ORI G NATOR
MESSAGE I D = A7015Z6

META_START

OBJECT_NAME = GODBZHLLA-BTEST SAT

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

EPOCH_TZERO = 1998- 12-18T14: 28: 15. 1172
TAl MUTC_AT_TZERO — =36 [s]

META _STOP

PHYS_START

COVVENT Spacecraft Physical Paraneters
VASS = 1916 [ kg]

I XX = 752 [ kg*mt*2]

1YY = 1305 [ kg*mr=*2]

(V74 = 1490 [ kg*mr=*2]

I XY =81.1 [kg*mt*2]

I Xz = -25.7 [kg*mt*2]

1'YZ =74.1 [ kg*nmr=*2]

CcP =[0.04 -0.78 -0.023] [m
PHYS_STOP B B

Figure D-8: Example Space Object Physical Charactestics
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CCSDS_ ACM VERS = 2.0

CREATI ON_DATE = 2017-12-30T00: 00: 00
ORI G NATOR = NASA

MESSAGE_| D = A7015Z7

META_START

OBJECT_NAME = LRO

| NTERNATI ONAL_DESI GNATOR = 2009- 031A

TI ME_SYSTEM = Urc

EPOCH_TZERO = 2017-12- 30T00: 00: 00. 0
ACM DATA ELEMENTS = COV, AD

META _STOP

COV_START

COWENT Di agonal Covariance for LRO Onboard Kal man Filter
ATT_BASI S = DETERM NED_OBC
COV_REF_FRAME = SC BODY

COV_TYPE = ANGLE_GYROBI AS

0.0 6. 74E-11 8.10E-11 9.22E-11 1.11E-15 1.11E-15 1. 12E-15

1. 096694 6.74E-11 8.10E-11 9.22E-11 1.11E-15 1.11E-15 1.12E-15
< intervening data records onmtted here >

59. 896697 6. 74E-11 8.10E-11 9.22E-11 1.11E-15 1.11E-15 1.12E-15

COv_STOP

AD_START

COWENT LRO Onboard Filter, A Miltiplicative Extended Kal man Filter
AD_NMETHOD = EKF

ATTI TUDE_SOURCE = OBC
NUMBER_STATES =7

ATTI TUDE_STATES = QUATERNI ON
COV_TYPE = ANGLE_GYROBI AS
REF_FRAME_A = EME2000
REF_FRAME_B = SC_BODY
RATE_STATES = GYRO_BI AS

NUMBER _SENSORS_USED = 3

SENSCRS_USED 1 = AST1
SENSCRS_USED 2 = AST2
SENSCRS_USED 3 = IMJ

AD_END

Figure D-9: ACM example with Attitude State Covariance Time History and Attitude
Determination Data
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ANNEX E
LIST OF CHANGES VERSUS ADM VERSION 1

(INFORMATIVE)

The present section gives the main changes betd@&h1.0 and ADM 2.0

Changes relative to all messages:

Keywords in version 1.0 could be “Obligatory” or gonal”. These words have been replaced by
“Mandatory” and “Optional” because the Implememm@tiConformance Specification (ANNEX A)
uses that wording, which is set by the CCSDS.

Changes relative to APM:

Number Description Rationale for change See section
1 The "*_DIR" keywords have been Simplification of the 3.24
removed standard.
2 The quaternion block is now optional. | Enable more flexibility if 3.24
other data need to be
exchanged.
3 Any block can now be present as many Increased flexibility. 3.2.4,3.2.4.4

times as necessary.

4 The meaning of quaternion, Euler anglegvoid misuse of exchange | 3.2.4, ANNEX C
spin data...is now clearly defined by | data.
the standard.

5 Euler rotation sequences Improvement as version 1 1€d3.2.4
("EULER_ROT_SEQ" keyword) are to repeated keyword as
specified by letter (X, Y, Z) instead of | X_ANGLE, Y_ANGLE,
number, e.g. XYX instead of 121. X ANGLE.

6 The logical block "Euler angles" now | Better design of the standard.3.2.4
contains angle derivatives rather than
components of the angular velocity
vector.

7 A new block for the angular velocity Better design of the standard.3.2.4

vector has been added: ANGVEL.

CCSDS 504.0-P-1.11c6SbS-504.0-P-1.10 PageE-13-3 March 20213uly-20620




CCSDS RECOMMENDED STANDARD FOR ATTITUDE DATA MESSAES

8 The keywords for the moments of inertigConsistency with other 3.24
have changed: IXY instead of 112, etc.|. changes

9 Data blocldelimiters-shave been added. Make the data easier to 3.2.4
Data types such as quaternion, Euler | process, and the standard
angles... are explicitly enclosed betweereasier to extend in the future
QUAT_START ... QUAT_STORP,
EULER_START ... EULER_STOP, etq
delimiters.

10 A new keyword: “MESSAGE_ID” has | Consistency with other 3.2.2
been added. standards

11 Frame related keywords have changed iimcreased simplicity 3.2.4
APM version 2: keywords in version 1
such as Q_FRAME_*,
SPIN_FRAME_*, etc... (where *
denotes “A” or “B”) have been removed.
The keywords in version 2 are
REF_FRAME_*.

12 The keywords defining attitude directignSimplicity of the standard 3.2.4
(Q_DIR, EULER_DIR, SPIN_DIR)
have been removed. The direction is
always from A to B.

Changes relative to AEM:

Number Description Rationale for change See section

1 Euler rotation sequencesConsistency wittABMAPM 4.2.4
("EULER_ROT_SEQ" keyword) are
specified by letter (X, Y, Z) instead of
number, e.g. XYX instead of 121.

2 A new value has been introduced for th€onsistency wittA\BMAPM 4.2.4
"ATTITUDE_TYPE" keyword:
EULER_ANGLE/DERIVATIVE

3 The order for quaternion componentsiere—Censistency—betwedqnd.2.4
(real part first or last) is now imposed by VN——and—— XML
the standard. formatsSimplicity  of  the|

standard

4 The ATTITUDE_DIR keyword has begnConsistency witiABMAPM 4.2.4
removed.

5 A new keyword: “MESSAGE_ID” has Consistency wittABM-APM / | 4.2.2
been added. Other standards
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~

6 The keyword “QUATERNION_TYPE'] More Consistency betwegn4.
has been removed. The order in the AEMMBM—APM and AEM_and
is the same as in the APM: Q1, Q2, Q3implicity of the standard;—and
QC by convention. This change alsedseKMN-andXMLfermats
makes the KVN and XML versions mofe

consistent.

N

7 Values for the “ATTITUDE_TYPE"| More consistency betwegn4.
keyword have changed: ABM-APM and AEM (naming

- QUATERNION/RATE and conventions)
EULER_ANGLE/RATE have been
removed

- QUATERNION/ANGVEL and
EULER_ANGLE/ANGVEL have
been added

Changes relative to ACM:

The Attitude Comprehensive Message (ACM) was addguovide symmetry with the Orbit
Comprehensive Message (OCM) being added to the Data Messages standaBke Section 5.
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ANNEX F
RATIONALE FOR ATTITUDE DATA MESSAGES

(INFORMATIVE)
F1 OVERVIEW

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

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

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

b) Heritage Requirements: These are additional reopgints that derive from pre-
existing Member Agency requirements, conditions)e®ds. Ultimately these carry the
same weight as the Primary Requirements. This Reworded Standard reflects
heritage requirements pertaining to some of thértieal participants’ home
institutions collected during the preparation af ttocument; it does not speculate on
heritage requirements that could arise from othemider Agencies.

c) Desirable Characteristics: These are not requirésnbat they are felt to be important
or useful features of the Recommended Standard.
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F2 REQUIREMENTS ACCEPTED BY THE ATTITUDE DATA MESSAGES

Table F-1: Primary Requirements
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Requirement

Accepted
for APM?

Accepted
for AEM?

Accepted
for ACM?

Data must be provided in digital form (computegJil

Y

Y

The file specification must not require of the lieocE agency

the separate application of, or modeling of, spa@fedynamics

or gravitational force models, or integration oojmagation.
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PR- The interface must facilitate the receiver of thessage to
generate an attitude state at any required epoch.

Attitude state information must be provided in erence
frame that is clearly identified and unambiguous.

PR- Identification of the object must be clearly idéieti and
Sidenti | unambiguous.
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ldentifi | Time measurements (time stamps, time tags, or epochist be
eatien | provided in a commonly used, clearly specified eyst
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PR- The time bounds of the attitude ephemeris must be
6FTime | unambiguously specified.

PR- The standard must provide for clear specificatibaruts of
7Fhe measure.

PR- Files must be readily ported between, and useaibienall
8TFhe Member Agency computational environments that caeld
standar | used to exchange Attitude Data Messages.
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PR- Files must have means of being uniguely identifiad clearly Y Y
9Fies | annotated. The file name alone is considered iitseifit for this
must purpose.

be

readily

ported

bebree

n—and

useable

al

Membe

F

Agene

¥

!

ational

CEAEER

mrents

that

could

be-used

te

exchan

ge

Attitud

o—Data

Messa

ges.

PR- File name syntax and length must not violate comput Y Y

10Files | constraints for those Member Agency computing @mrirents
e that could be used to exchange Attitude Data Me&ssag
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PR- Data must be provided in digital form (computee)il Y Y Y

Table F-2: Heritage Requirements
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Requirement Accepted Accepted Accepted
for APM? for AEM? for ACM?
HR-1 A complete attitude ephemeris, not subject to irston or N Y Y
propagation by the customer, must be provided.
HR-2 The standard is, or includes, an ASCII format. Y Y Y
HR-3 The standard does not require software supplieuthogr Y Y Y

agencies.

Table F-3: Desirable Characteristics

Reqguirement Accepted Accepted Accepted
for APM? for AEM? for ACM?
DC-1 The standard applies to non-traditional objectshsas landers, Y Y Y
rovers, balloons, and natural bodies (asteroidsets).
DC-2 The standard allows attitude states to be provid@dher than Y Y Y
the traditional EMEZ2000 inertial reference framee @xample
is the International Astronomical Union (IAU) Mdredy-fixed
frame. (In such a case, provision or ready aviiialof
supplemental information needed to transform da@ma
standard frame must be arranged.)
DC-3 The standard is extensible with no disruption tistéxg users Y Y Y

or uses.
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DC-4 The standard is consistent with, and ideally a phrattitude

products and processes used for other space sganoeses.

=4
=4
=4

DC-5 The standard is as consistent as reasonable wjtretated
CCSDS attitude standards used for earth-to-spatecra

spacecraft-to-spacecraft applications.

<
<
<

DC-6 Identification of the center of attitude motion e clearly
identified and unambiguous.

NOTE — The specification of a center name is not
required for the unambiguous specification of adit but may be

provided if desired.

=4
=4
=

DC-7 The standard allows for the specification of theusacy of the

attitude solution.

<
<
<

F3 APPLICABILITY OF CRITERIA TO MESSAGE OPTIONS
The selection of one particular message will depamthe optimization criteria in the given

application. Tablé=-4F-4compares the three recommended messages in tethesrelevant
selection criteria identified by the CCSDS:

Table F-4: Applicability of the Criteria to Attitud e Data Messages

. - Applicable to | Applicable to | Applicable to
Criteria Definition APM? AEM? ACM?
Modeling Permits modeling of any dynamic N Y Y

Fidelity perturbation to the attitude.

Human Provides easily readable message Y Y Y

Readability corresponding to widely used attitude
representations.

Remote Body | Permits use for assets on remote solar Y Y Y
Extensibility | system bodies.
Lander/Rover | Permits exchange of non-orbit attitudes. Y Y Y
Compatibility

F4 SERVICES RELATED TO THE DIFFERENT ATTITUDE DATA MES SAGE
FORMATS

The different attitude data messages have beangligthed by their self-interpretabilitsth
All_attitude data messages provide for recognizingpthendaries of the attitude data fields
and thus can transfer each field, as a block, eohen location. The different services that can
be achieved without special arrangements betwesns o$the CCSDS attitude data messages
are listed in tabl&-5F-5
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Table F-5: Services Available with Attitude Data Messages

: I Applicable Applicable Applicable
Sl DEIIIeT 0 APM? | toAEM? | to ACM?
Absolute Attitude | State availability at specific times for use in iéiddal Y Y Y
Interpretation | computations (geometry, event detection, etc.).
Relative Attitude | Trajectory comparison and differencing for eventg  Only at time Y Y
Interpretation | based on the same time source. specified at
Epoch
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ANNEX G
ITEMS FOR AN INTERFACE CONTROL DOCUMENT

(INFORMATIVE)

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

transfer of attitude data. This annex compilesélvesommendations into a single fist.

Table G-1: Items Recommended for an ICD

Section
ICD Item Trace
1 | Definition of attitude accuracy requirements giglihg to data in an ADM as well as 1.2.1
attitude dynamics modeling.
2| bicthedermebons ner Dhie L assaisson). 122
314
442
23 | Whether the format of the ADM will be KVN or XML. 1.2.3
34 | APBM, AEM, and ACM—=ard-ACMfile naming conventions. 3.14
41.2
5.1.3
45 | Specific APM, AEM and/or ACM version numbers thati we exchanged. 3.2.2.1
4221
5.2.31
56 | Description of User-Defined Parameters. 5.2.10.1
67 | If the chosen angle units are radians (which isidatthe standard). 7.7.1
78 | If floating-point numbers in extended-single oremded-double precision are to be used, 7.7.5
then discussion of implementation-specific attrésuis required.
89 | Information which must appear in comments for aiveig ADM exchange. 7.9.1.3
91 | Values used for those keywords listed in annex Bwiose values are different from | ANNEX B
O | those given in annex B.
10 | Provisions that are made to ensure informationrigcu ANNEX J
11

1 The greater the amount of material specified @®,| the lesser the utility/benefit of the ADM (colst
programming will be required to tailor software fmach ICD).
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ANNEX H
ABBREVIATIONS AND ACRONYMS

(INFORMATIVE)

ASCII American Standard Code for Information Inteange
ACM Attitude Comprehensive Message

ADM Attitude Data Message

AEM Attitude Ephemeris Message

APM Attitude Parameter Message

AST Autonomous Star Tracker

CCSDS Consultative Committee for Space Data Systems
COSPAR Committee for Space Research

CP Center of Pressure

CSS Coarse Sun Sensor

DSS Digital Sun Sensor

EKF Extended Kalman Filter

EME2000 Earth Mean Equator and Equinox of J2000ef@ate 2000)
GPS Global Positioning System

IAU International Astronomical Union

ICD Interface Control Document

ICF Implementation Conformance Statement

ICRF International Celestial Reference Frame

IEC International Electrotechnical Commission

IEEE Institute of Electrical and Electronics Eregns

IMU Inertial Measurement Unit

ISO International Organization for Standardization
ITRF International Terrestrial Reference Frame

KVN Keyword = Value Notation

LVLH Local Vertical Local Horizontal

NDM

Navigation Data Message

OoCM Orbit Comprehensive Message
ODM Orbit Data Message
OEM Orbit Ephemeris Message
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OPM Orbit Parameter Message
QSW Same as RTN

RL Requirements List

RTN Radial, Tangential, Normal
RWA Reaction Wheel Assembly
TAI International Atomic Time

. . | Time
: ical Time

e e L

F—— Ferrestrial Dynramical FimeURL Uniform Resourcedator

UTC Coordinated Universal Time

XML eXtensible Markup Language
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ANNEX 1
INFORMATIVE REFERENCES

(INFORMATIVE)

[11] Organization and Processes for the Consultative @dtae for Space Data Systems
CCSDS A02.1-Y-4. Yellow Book. Issue 4. WashingtbnC.: CCSDS, April 2014.

[12] Navigation Data—Definitions and Conventiofeport Concerning Space Data System
Standards, CCSDS 500.043- Green Book. Issué3. Washington, D.C.: CCSD&4ay
November20190.

[1I3] Fundamentals of Spacecraft Attitude Determinationd @ontrol.F. Landis Markley and
John L. Crassidis. New York, Springer, 2014.

NOTE - Normative references are provided in 1.5.
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ANNEX J
SECURITY, SANA, AND PATENT CONSIDERATIONS

(INFORMATIVE)

J1 SECURITY CONSIDERATIONS
J1.1 ANALYSIS OF SECURITY CONSIDERATIONS

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

J1.2 CONSEQUENCES OF NOT APPLYING SECURITY TO THE
TECHNOLOGY

The consequences of not applying security to trstesys and networks on which this
Recommended Standard is implemented could inclotlenpial loss, corruption, and theft of
data. Because these messages are used in spaatituale analyses and potential maneuvers,
the consequences of not applying security to theesys and networks on which this
Recommended Standard is implemented could inclodgoomise or loss of the mission if
malicious tampering of a particularly severe natweurs.

J1.3 POTENTIAL THREATS AND ATTACK SCENARIOS

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

J1.4 DATA PRIVACY
Privacy of data formatted in compliance with the@pcations of this Recommended Standard

should be assured by the systems and networks @rhwiis Recommended Standard is
implemented.
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J1.5 DATA INTEGRITY

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

J1.6 AUTHENTICATION OF COMMUNICATING ENTITIES

Authentication of communicating entities involvadthe transport of data which complies
with the specifications of this Recommended Stashdaould be provided by the systems and
networks on which this Recommended Standard issmehted.

J1.7 DATA TRANSFER BETWEEN COMMUNICATING ENTITIES

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

J1.8 CONTROL OF ACCESS TO RESOURCES

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

J1.9 AUDITING OF RESOURCE USAGE

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

J1.10 UNAUTHORIZED ACCESS

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

J1.11 DATA SECURITY IMPLEMENTATION SPECIFICS

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

J2 SANA CONSIDERATIONS

The following ADM related items will be registeradgth the SANA Operator. The

registration rule for new entries in the regissyhe approval of new requests by the CCSDS
Area or Working Group responsible for maintenanfcéne ADM at the time of the request.
New requests for this registry should be sent tdl8Amailto:info@sanareqistry.org).

e The ADM XML schema

A transform-from-the- ADM-XMLto-the-ADM-KMN-version
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» Values for various keywords or conventions fromftiilowing SANA registries:
0 https://sanaregistry.org/r/time _systems
https://sanaregistry.org/r/orbit_centers
https://sanaregistry.org/r/celestial body referefregnes
https://sanareqistry.org/r/orbit_relative refererfcames
https://sanaregistry.org/r/spacecraft body refexeframes
https://sanareqistry.org/r/attitude and spaceaaftventions
https://sanareqistry.org/r/organzations

O O O0OO0OO0oOOo

J3 PATENT CONSIDERATIONS

The recommendations of this document have no pasmes.
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