INTERNATIONAL 1ISO
STANDARD 12174

First edition
1998-08-01

Space data and information transfer
systems — Telecommand < Data
management service— Architectural
specification

Systemes de transfert des informations et données spatiales —+
Télécommande — Servicégestion des données — Définition architecturale

\@/ Reference number

ISO 12174:1998(E)


https://standardsiso.com/api/?name=8566b40837ba377dd6a9cc540f66b69a

ISO 12174:1998(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission |(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are circulated to the member hodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies. casting|a vote.

International |Standard ISO 12174 was prepared by Technical Committee ISO/TC 20, Aircraft and spacg vehicles,
Subcommittde SC 13, Space data and information transfer systems.

© 1S0 1998

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case postale 56 « CH-1211 Genéve 20 « Switzerland
Internet  iso@iso.ch

Printed in Switzerland


https://standardsiso.com/api/?name=8566b40837ba377dd6a9cc540f66b69a

INTERNATIONAL STANDARD ©ISO ISO 12174:1998(E)

Space data and information transfer systems — Telecommand —
Data management service— Architectural specification

1 Scope

This Interphational Standard specifies the common requirements which define the architure of
telecommand data management service. This architecture is intended to provide a common\framework
space aggncies may implement compatible future spacecraft telecommanding systems.

2 Requirements

Requiremxnts are the technical recommendations made in the following publication (reproduced on

pages), w

CCSDS 2
Data man

For the purposes of international standardization, the modifications outlined below shall apply to the fol
of publicajon CCSDS 203.0-B-1.

Pages i to|iv

This part dontains information which is relevantte the CCSDS publication only.

Page vi

Add the foJlowing information to thelreferences indicated:

[3] Documient CCSDS 202.0-B<1, January 1987, is replaced by document CCSDS 202.0-B-2, Nov
which i equivalent to IS©712172:1997.

[4] Document CCSDS-201.0-B-1, January 1987, is replaced by CCSDS 201.0-B-2, November 19
equivalent to ISQ©,_12171:1998.

[5] Document*CCSDS 102.0-B-2, January 1987, is replaced by document CCSDS 102.0-B-3, NoVv
which i ‘equivalent to ISO 13419:1997.

ich is adopted as an International Standard:

D3.0-B-1, January 1987, Recommendation for space dataysystem standards — Telecomma
hgement service — Architectural specification.

A spacecraft
within which

the following

nd — Part 3:

owing pages

ember 1992,

95, which is

ember 1992,

[6] Document CCSDS 101.0-B-2, January 1987, is replaced by document CCSDS 101.0-B-3, May 1992, which is
equivalent to ISO 11754:1994.
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3 Revision of publication CCSDS 203.0-B-1

It has been agreed with the Consultative Committee for Space Data Systems that Subcommittee ISO/TC 20/SC 13
will be consulted in the event of any revision or amendment of publication CCSDS 203.0-B-1. To this end, NASA
will act as a liaison body between CCSDS and ISO.
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A gencies of the Consultative Committee for Space Data Systems (CCSDS):
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The following observer Agencies also congur with this Recommendation:

¢  British National Space Centre (BNSC)/United Kingdom.
¢ Chinese Academy of Space Technology (CAST)/People's Republic of China.
0 Department of Communications, Communications Research Centre (DOC-CRC)/Canida.

This Recommendation-is published and maintained by:
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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of member space Agencies. The Committee meets periodically
to address data systems problems that are common to all participants, and to formulate sound
technical solutions to these problems. Inasmuch as participation in the CCSDS is completely

velyntary, the Tesults of Commitee actons are ermed RECOMMENDATIONS amt are 1o}
congidered binding on any Agency.

Thig

Plenary body. Agency endorsement of this RECOMMENDATION is entirely voluntary)
Endorsement, however, indicates the following understandings:

o

Nollater than five years from its date of issuance, this Recommendation will be reviewed by th
CQSDS to determiné-whether it should: (1) remain in effect without change; (2) be changed
reflect the impact-of new technologies, new requirements, or new directions; or (3) be retire
or ¢ancelled.

RECOMMENDATION is issued by, and represents the consensus of, the, CCSDS3

Whenever an Agency establishes a CCSDS-related STANDARD, this STANDARD wil]
be in accord with the relevant RECOMMENDATION. Establishing such a STANDARD
does not preclude other provisions which an Agency may develop.

Whenever an Agency establishes a CCSDS-related.STANDARD, the Agency will
provide other CCSDS member Agencies with the following information:

-~ The STANDARD itself.

- The anticipated date of initial operational capability.
-~ The anticipated duration of operational service.
Specific service arrangements shall be made via memoranda of agreement. Neither thi

RECOMMENDATION nor'any ensuing STANDARD is a substitute for a memorandurn
of agreement.

[

¢ oo

=7
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FOREWORD

This document, which is a technical Recommendation prepared by the Consultative Committee
for Space Data Systems (CCSDS), is intended for use by participating space Agencies in their
development of space telecommand systems.

mrmendatiomatow Implementing organizations withimeach Age y 10 progeed

ith the development of compatible Standards for the flight and ground systesns|that
dre within their cognizance. Agency Standards derived from this Recommendation may
implement only a subset of the optional features allowed herein, or may incorporate features
ot addressed by the Recommendation.

order to establish a common framework within which the Agencies may develop
standardized telecommand services, the CCSDS advocates adoption of a layered systems
qrehitecture.  Within this approach, specific layers of service (including their operatipnal
grotocol and data structuring techniques) may be selected fofimplementation according to
ission requirements,

e current layered set of CCSDS telecommand Recomimendations was developed to match the
gonventional free-flying mission environment, .as’characterized by the transmissiof of
gommand data at relatively low uplink data rates to spacecraft of moderate complexity. [The
CCSDS is currently examining the extension of these Recommendations (perhaps by defiping
expanded protocols and data structures within 'some of the layers) to a more complex misfion
gnvironment, including the transmission ‘of multiple data types at very high data rates to space
ehicles which include extensive onboard data networking capability.

his Recommendation for Telecommand Data Management Service was developed within the
layered architectural framéwork, and embraces the standard data structures and fata
dommunication procedures which may be used by conventional missions within the highest
telecommand system layers.

[hrough the process of normal evolution, it is expected that expansion, deletion or
odification €0 this document may occur. This Recommendation is therefore subjeqdt to
CCSDS document management and change control procedures which are defined in
Reference f1].

Issue 1 iii January 1987
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1 INTRODUCTION

1.1 PURPOSE AND SCOPE

The purpose of this document is to establish a common Recommendation which defines the
systems architecture of a spacecraft telecommand "Data Management Service". The intent of
i i i VI4e a common framework within which the Agencies participating in
e Consultative Committee for Space Data Systems (CCSDS) may implement compatible
uture spacecraft telecommanding systems. The operating principles and procedures for|the
CSDS are defined in Reference [1]. The context of the Data Management Service within|the
verall Telecommand System is described in Reference [2].

his Recommendation primarily addresses the data unit formats and functions which |are
implemented within the the Application Process layer, the System Management layer and|the
acketization layer of the CCSDS telecommand Data Management Service. Recognizing fhat
uch future work remains to be done relative to these top layefs, their specification has been
eliberately minimized by the CCSDS. IN PARTICULAR, THE DETAILED
PERATIONAL PROTOCOLS WHICH OPERATE  ACROSS THESE LAYERS,
ND THE FLOW OF CONTROL INFORMATION REQUIRED TO INITIALIZE
HE LAYERS AND DIRECT THE TRANSFER OF DATA BETWEEN THEM,
RE NOT PRESENTLY ADDRESSED WITHIN THIS DOCUMENT: THHSE
EMAIN ITEMS FOR POTENTIAL EXTENSION OF THIS RECOMMEN-
ATION.

.2 APPLICABILITY

is Recommendation serves'as a guideline for the development of compatible internal Agency
tandards in field of spacecraft commanding. This Recommendation is not retroactive, nor
does it commit any Agency to implement the recommended telecommand concepts at any future
time. Nevertheless, all) CCSDS Agencies accept the principle that all future implementations of
telecommand which are used in cross-support situations will be based on fthis
Recommendation:

The CCSDS has developed a layered concept for future spacecraft telecommanding, which is
fully described in Reference [2]. Standard services are defined within each layer, and Agengies
will be encouraged to develop corresponding facilities to provide these services in support of

architecture should follow this Recommendation for Data Management Service, plus the
Recommendations for telecommand "Data Routing Service" and telecommand "Channel
Service” which are described in References [3] and [4]. Projects may also elect to be partially
compatible with the concept by interfacing with the standard systems at intermediate layers
within any of the service specifications. :

Issue 1 Page 1-1 January 1987
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Where preferred options or mandatory capabilities are clearly indicated herein, the indicated
sections of the specification must be implemented when this Recommendation is used as a
basis for cross-support. Where optional subsets or capabilities are allowed or implied in this
specification, implementation of these options cr subsets is subject to specific bilateral cross-
support agreements between the Agencies involved.

The recommendations in this document are to be invoked through the normal standards

D D Y> 04l abpP a0 O—t1 O 0 3 3 B

ort based on capabilities described in these recommendations is anticipated.

No |ater than five years from its date of issue, this Recommendation should be reviewed by the
CCBDS Agencies to determine whether it should: 1) remain in effect without change; 2) be
chahged to reflect the impact of new technologies, new requirements, or new directions; or 3)
be retired or canceled.

1.3 BIT NUMBERING CONVENTION AND NOMENCLATURE

vV

In rInis document, the following convention is used to identify ‘each bit in an N-bit field. Th
first bit in the field to be transmitted (i.e., the most left¢justified when drawing a figure) §
defined to be "Bit 0"; the following bit is defined to be "Bit 1" and so on up to "Bit N-1
WHen the field is used to express a binary value (suchas a counter), the Most Significant B
(MBB) shall be the first transmitted bit of the field; i.e., "Bit 0".

[7]

-,

BIT 0 BIT N-1

N-BIT DATA FIELD

FIRST BIT TRANSMITTED = MSB

In laccordance with modern data communications practice, spacecraft data fields are oft¢n
grpupéd(into 8-bit "words" which conform to the above convention. Throughout thiis
Recommendation, the following nomenclature is used to describe this grouping:

8-BIT WORD = "OCTET"

By CCSDS convention, all "spare” bits shall be permanently set to value "zerc". Note that
throughout this document, the word "Telecommand” may be abbreviated as "TC".

Issue 1 Page 1-2 January 1987
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2 TELECOMMAND DATA MANAGEMENT SERVICE
OVERVIEW

A complete summary of the acronyms and terminology used internal to this document is
presented in Annex A, and a detailed specification of the services provided by each layer is
presented in Annex B. The first-time reader should digest these Annexes before proceeding
further in this document.

igure 2-1 illustrates the significance of the TC Data Management Service within the ovérall
elecommand System, which contains three principal elements of service: Telecommand Data
flanagement Service; Telecommand Data Routing Service; and Telecommand Channel Service.
ach of these services is documented in separate Recommendations. A 'more thoro hgh
iscussion of the layered services, including expansion of Figure 2-1 in greater detail, is
ontained in Reference [2]. The Telecommand System is related to the Telemetry System as
ocumented in Reference [5] and Reference [6].

Q.0 O, M

'he TC Data Management Service enables user requests for command activity to be generated,
rtegrated, aggregated, translated and scheduled for deliveryto.the spacecraft by drawing upon
re Data Routing and Channel Services. The Data Management Service contains three distinct
iyers of data handling operations:

e e )

(I)  An APPLICATION PROCESS layer, which allows human users to contrél a
space mission by generating commands and supervising their delivery gnd
execution.

(2) A SYSTEM MANAGEMENT layer, which translates user command directiles
into detailed command application data and delivery instructions, and which
manages their end-to-end delivery to the proper Application Process on [the
spacecraft.

(3) A PACKETIZATION layer, which formats the command application data ihto
transportable telecommand data units and moves them to the spacecraft.

Issue 1 - Page 2-1 January 1987
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APPLICATION PROCESS LAYER
% COMMAND-DIRECTIVE ?
TELECOMMAND,
RART 3: DATA —P SYSTEM MANAGEMENT LAYER
MANAGEMENT SERVICE
,L TC APPLICATION DATA T
PACKETIZATION LAYER
3
PACKET
\ 4
SEGMENTATION LAYER
TELECOMMAND,
RART 2: DATA —> ‘ SEGMENT T
ROUTING SERVICE
TRANSFER LAYER
A
TRANSFER FRAME
4
CODING LAYER
TELECOMMAND, L CLTU T
BART 1: :CHANNEL »
SERVICE PHYSICAL LAYER
PHYSICAL WAVEFORM 4
|
Figure 2-1: Telecommand System
Issue 1 Page 2-2 January 1987
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NOTE A: Figure 2-1 represents a logical view of the TC System and physical
implementations may not necessarily correspond to the sequential flow of

NOTE B:

operations implied by the figure.

This Recommendation primarily specifies the data structures and procedures
flowing ACROSS the layers from the sending to the receiving end of the TC
system, since these have a direct impact on the long lead-time design of future

enacaneaft bowdignea oo

NOTE C:

SpaCectrart—araware aud Suftwal c CUUIPIC}ICHBiVC dcfini[iorl Of
associated operational protocols within each layer and the control instructiq
which are required to initialize the layers and to direct the flow of TC {

the
ns,
ata

units BETWEEN the layers, remain items for potential future exténsion of khis

document.

Inter-Agency cross-support gateways for telecommand are discussed
Reference [2].

in

Issue 1

Page 2-3 January 1987
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3 APPLICATION PROCESS LAYER: STANDARD DATA
STRUCTURES AND PROCEDURES

3.1 OVERVIEW OF THE LAYER

The service provided by the Application Process layer is to allow users to control remote
mstruments or subsystems in space The layer performs thlS service by prov1dmg 1ts own

: functlonal overview of the Apphcanon Process layer is presented in Flgure 3-1.

he sending end of the layer contains a large number of diverse Application: Proceskes,
arranged to form a system which is used to supervise a particular space mission. For|the
purpose of illustration, a few representative clusters of application processes are shown inlthe
gure. The Application Processes are supervised by an "Application Executive" which
dontrols the overall flow of activities within the layer. Within.the system, cluster$ of
specialized application processes (e.g., flight path control, spacecraft and communication
etwork monitor and control) exist to support the users.

sers enter the Application Process layer via application ‘processes in their workstatigns.
hese application processes provide the man/machine interface which permit them to
dommunicate via the Application Executive with.th€’other application processes within|the
gystem.

One cluster of application processes provides the planning, scheduling and "misgion
sequencing” function that integrates all user command requests into a workable flight profile.
e output of these application processes is an integrated, aggregated, validated, constrdint-
dhecked set of "Command Directives” which specify (in a high-level language) the sets of
ser commands that are to be delivered to the spacecraft for execution. Some of tHese
Command Directives, which are addressed to the onboard sequence control process, define|the
gystem conditions which/must exist before the remaining sets of commands are released| for
gxecution. The mission sequencing process provides control and coordination of |the
dssignment of names-which identify the sets of commands throughout delivery and executign.

Fommand Directives, formatted in a logical notation known as an "abstract transfer syntax",
dontain high:level expressions of the desired command activity. They contain the commands
themselves, plus requirements for control of their delivery such as time windows,
ipterrélationship and interdependency information, user naming conventions, contingency
nrocedures, etc.

Management of the end-to-end delivery of commands is provided by another cluster of
specialized "delivery control” application processes, which interface the Application Process
layer with the supporting telecommand layers that interconnect its sending and receiving ends.

Issue 1 Page 3-1 January 1987

17


https://standardsiso.com/api/?name=8566b40837ba377dd6a9cc540f66b69a

ISO 12174:1998(E)

CCSDS RECOMMENDATION FOR TELECOMMAND: DATA MANAGEMENT SERVICE

MITAIIA() [euonjouny J3LeT $S3d04g uonediddy :1-¢ dIn3iy
“l\\\.\\\\\\\\\\\\ teosococasvrvrrorscrasassssrvorea Tr T rry - T L L \\.\\\\\\\\\\\-Vi\‘\\i\-l.‘\\\\“
’ ¢
m SHIAVT ANVANODIATAL DNILHOddANS m
[ J
jou0) fonuon juswabeuep [ou0) loauo) [oduon
1aAnauepy Kaniieq oL yeiosoedg ‘18N "Wwo) Kisalaq 01 Yyeiosoedg
:839S3004Hd ‘$38S3004d -8358300Hd :838S3004d -$35S3004Hd 1838$3004d
NOILVOddY NOILVYOIddV NOILYIIddV NOILVDITddY NOILYOIddY NOILYOINddY
foaquo) jofquo)d Bbupuanbag |0i3u0)
oaouanbag {pu3 Buieoey) apmImy uoISSIN (pu3 Bupusg) yied b4
:83893004Hd JAILNO3IXANOILVYONddY [ |°S3SS300Hd '$35S3904Hd JAILND3X3 NOILYOITddV $38S300Hd
NOILYONddY NOLLYOIddY NOLLYDfTddY NOILLYOIddY
adepaly| aoepau| aoepolU| ETE] eorpay| 8oeia)Uu| aoea) eoeel|
waysAsgng juawINAsY| waeysAsqng juawnjsu| aulyoey/Uen suORW/UeN aulyoepUBW auoew/UEW
:883004d ‘$83004d ‘8S3004d ‘8S3004d :853004d ‘$S3004d :653004d ‘$S300Hd
NOILYOINddV NOILYONddY 'NOILYONddY NOILYDITddVY NOILYJINddY NOILYOIddV. NOILYOINddvY NOILYOIddY
1N3IW3T3 INIW3I3 IN3W3T3 IN3IWN3T3 H3asn H3sn H3SA H3sn
ONIAIZO3H ONIAIZO3H ONIAIZO3H ONIAIFOIY

January 1987

Page 3-2

Issue 1

18


https://standardsiso.com/api/?name=8566b40837ba377dd6a9cc540f66b69a

ISO 12174:1998(E)

CCSDS RECOMMENDATION FOR TELECOMMAND: DATA MANAGEMENT SERVICE

The highest of the supporting telecommand layers is the System Management layer.
Downwards across the sending-end interface with the System Management layer flow named
sets of Command Directives containing abstract-syntax commands and delivery instructions,
while upwards flow reports describing the status of their delivery. The System Management
layer provides the service of translating between the abstract transfer syntax of the Application
Process layer and the "concrete transfer syntax" used by the lower layers of the data
communication part of the Telecommand System.

e receiving end of the Application Process layer mirrors the sending end, i.e., an Applichtion
xecutive which orchestrates clusters of onboard application processes. Sets of commandg are
eceived from the onboard System Management layer by a group of delivery control processes,
hich report status back to the sending end. The sets of commands are,forwarded fo a
pacecraft sequence control function (e.g., a central onboard computer) ‘or directly to| the
ddressed spacecraft instrument or subsystem. The receiving elements themselves|are
upported by specialized application processes that convert command-directives into desfred
ctions, and report their execution.

3.2 STANDARD DATA STRUCTURES WITHIN THE LAYER

(he CCSDS is developing standard data interchange structures for the exchange of data
between application processes.

Although it is assumed that CCSDS standard data interchange structures will be ysed
gxtensively within the layer, particularly-dt'the sending end of the TC System, the only formal
lequirement in this issue of the Recomnendation is that standard data interchange structfires
must be used to carry information bidirectionally across the interface at the sending end of| the
Jystem between the Application Process layer and the System Management layer. The conciete
formats of the standard data interchange structures which pass information "downwards" hnd
upwards" across this interface are presently unspecified. The standard data interch ge
gtructures shall contain-the Telecommand data themselves, plus the control instructions which
ust be passed to lower layers in order to specify the services required during the deliyery
grocess. The use' of CCSDS standard data interchange structures is discussed in
Reference [2].

.3 STANDARD PROCEDURES WITHIN THE LAYER

e—future; possioie—that—a—standardized—core—of-mission
procedures may be provided within both ends of this layer. Projects will then be able to

augment this core with their own unique application processes.

However, in this issue of the Recommendation the procedures internal to this layer are left
unspecified by the CCSDS. This reflects an evolutionary philosophy whereby it is recognized
that many of these functions will continue to be developed on a mission-by-mission basis in the
near or medium term, or perhaps will be standardized within one Agency or one Center. The
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approach of the CCSDS is therefore to first agree on standardization of the lower layers of the
Telecommand System (i.e., the Packetization, Segmentation, Transfer, Coding and Physical
layers), and then to gradually migrate upwards into standardization of the higher layers as
experience is gained with actual operational use of the automated system.

Potential items for future standardization include:

(2) Selection of a standard abstract transfer syntax for Command Directives,
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4 SYSTEM MANAGEMENT LAYER: STANDARD DATA
STRUCTURES AND PROCEDURES

4.1 OVERVIEW OF THE LAYER

The service provided by the System Management layer is to translate between the high-level

commandmg language used within the layer above and the dPtalled commumcatlons and control

dommands to the spacecraft.

'he System Management layer instructs lower layers-whether the user application data are tc
andled as individual command messages, sequences of messages, or as an integrated file.

= g

hstructions by the System Management layer by:

(1) Specifying the class of)‘transport service required from lower layers (sin
such as the attachment of telecommands to particular data routing paths,
communications security procedures, etc.

(2) Managing the traceability of sets of telecommands by translating the user names

selection of operational procedures and time windows.

{9)—Speeifying-therecovery-procedures-to-beused i tireeventof service trerrup
during a session.

SO
ent

ion
rocess layer, and the lower layer bit-level data communication systems which move tHese

To provide this service, the System Management layer parses the Comimand Directives hnd
grepares them for transport. The user-named sets of commands and their execution conditibns
gre translated between the abstract transfer syntax used within the-Application Process 14 yer
and the concrete telecommand transfer syntax which is used by lower layers dusiing
dommunication. At the sending end, this involves formatting the actual command application
data into a presentation syntax which is compatible with direct insertion into the data unit§ of
the layer below (e.g., the data field of Telecommand Rackets) for delivery to the spacectaft.
1
H

be

'he delivery instructions from the layer-above are translated into TC Session confrol

gle

messages, or files of messages) and requesting any related lower-layer services

the

selection of retransmission protocols to be used during transfer to the spacectaft,

nto

identifiers which can be inserted into the transportable data units of the layer belgw.

(3)~.\Calling the appropriate lower-layer services required during the session, including

ion

The System Management layer provides management of interrelated sets of commands during
delivery. Local names are assigned to the sets of commands in order to trace and supervise
their transport: the local names are correlated with user names by the layer, so that user

visibility into the delivery process is provided.
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4.2 STANDARD DATA STRUCTURES WITHIN THE LAYER

Although it is assumed that CCSDS standard data interchange structures will be used
extensively within the sending end of the layer, the only formal requirement in this issue of the
Recommendation is that these data structures must be used to carry information bidirectionally
across the interface between the sending end of the System Management layer and lower
layers. The concrete formats of the standard data interchange structures which pass
inf i ards™and o wards —acre his-interfaceare-presen pnspecifie

4.3 STANDARD PROCEDURES WITHIN THE LAYER

In this issue of the Recommendation, operational procedures within the Systerm Management
laygr are unspecified by the CCSDS.
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S PACKETIZATION LAYER: STANDARD DATA
STRUCTURES AND PROCEDURES

5.1 OVERVIEW OF THE LAYER

The service provided by the Packetization layer is to provide end-to-end transport of user
application data between the sending and receiving ends of the TC System. At the sen ing
end, user application data are given to the Packetization layer in concrete transfer syntax by [the
layer above (i.e., the System Management layer): these data are encapsulated within CCSDS
standard data interchange structures containing transport control instructions. he
Packetization layer draws upon the lower-layer capabilities of the Telecommand Data Rou ng
Service (Segmentation and Transfer layers) and the TC Channel Service (Coding and Physical
layers) in order to establish a transport path in response to a call for conhection by the System
Management layer.

The TC Packet is a standard data structure which encapsulates thé user application data thatjare
to be transported from the output of the sending end to the)input of the receiving end of [the
System Management layer. TC Packets may exist as standalone entities, or may be batched
together into interdependent "TC Files". At the sendingend TC Packets or Files are passed to
the layer below (e.g., the Data Routing Service) fortransfer to the spacecraft by encapsulating
them within CCSDS standard data interchange structures which also contain their routing
control instructions,

5.2 STANDARD DATA STRUCTURES WITHIN THE LAYER

The abstract content and concrete format of the CCSDS standard data interchange structures
which are used at the sending'end of the TC System to pass data between the Packetizatjon
layer and lower layers is presently unspecified.

The TC Packet is the¢ Standard transport data structure of the TC System. The TC PaTet
format is designéd,to permit future versions to be defined if required. At present only ¢ne
version of TC,Packet format, which is shown in Figure 5-1, is recognized by the CCSDS /| It
consists of the'following major fields:

Major Field Length (Octets)
Primary Header 6

Secondary Header Variable (optional)
Application Data Variable, up to 65,536

It should be noted that the format of the TC Packet is virtually identical to that of the Telemetry
Packet (Reference [5]). The maximum end-to-end length of the current version of the TC
Packet is constrained by the implementation to be no more than 65,542 octets.
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r PRIMARY HEADER >
PACKET PACKET PACKET | SECONDARY | £pp| iCATION
IDENTIFICATION SEQUENCE LENGTH| HEADER DATA
CONTROL (OPTIONAL)
VERSION|TYPE| SEC. | APPLIC. |SEQUENCE| PACKET (MAY CONTAIN
¥ HOR. | PROCESS | FLAGS | NAMEOR * 3/C TIME
FAG—B SEQUENGH - RACKET
COUNT FORMAT l
* ANCILLARY
DATA)
3 1 1 11 2 14
000 1 V'V
2 2 2
OCTETS OCTETS ocTeTs| (VARIABLE) | (VARIABLE)

Figure 5-1: Telecommand Packet‘Format

5.2|/1 PRIMARY HEADER

The Primary Header consists of 6 octets subdivided into the following fields:

Field Length (Bits)
PACKET IDENTIFICATION 16
- Version Number 3
- dype ()

Secondary Header Flag (1)
Application Process ID  (11)

PACKET SEQUENCE CONTROL 16
- Sequence Flags 2
Packet Name
or Sequence Count (14)
PACKET LENGTH 16
Total = 48 bits (6 octets)
Issue 1 Page 5-2 January 1987
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5.2.1.1 Packet Identification (2 octets). This 16-bit field is divided into four subfields:

)

Version Number (Bits O through 2)

The Version Number occupies the three most significant bits of the TC Packet
Primary Header. Future variations of the packet structure will be indicated by
changing the Version Number. At present, only one version (Version-1) of a TC

@

3)

C))

NOTE:

Packetts-defined{tis-specifred-by setting the Bits O-througihr 2 to vatue “000*and
is the version described herein.

Type (Bit 3)
This single bit is used to identify that this is a Telecommand Packet rather thdn a
Telemetry Packet. A Telemetry Packet has this bit set to value "0": therefore, |for
all Telecommand Packets Bit 3 shall be set to value "1".

Secondary Header Flag (Bit 4)

This one bit flag signals the presence (Bit 4 = "1") or absence (Bit 4 = "0") ¢f a
Secondary Header data structure within the TCPacket.

Application Process Identifier (Bits 5 through 15)

This 11-bit field uniquely identifies the individual "receiving" application prodess
within a particular space vehicle to which the application data encapsulated within
the TC Packet are to be sent.-Application Process ID's are tailored to local missjon
needs and are assigned by.the Mission Manager. Users should note that accountjng
implementation considerations may limit the number of different application
processes which may be simultaneously open during a given session. For m ny
spacecraft, the-"sending" address is a direct one-to-one mapping of the receiving
address: however, if a separate sending address is also required, this information
may be formatted into a Secondary Header.

The space vehicle itself is physically addressed by lower layers within the [TC
system, e.g., using the SPACECRAFT IDENTIFIER field in fthe
Telecommand Transfer Frame Header. At the sending end of the system, fthe
System Management layer defines to which spacecraft the packets are tq be
sent, and passes these instructions to lower layers via control instructipns

containe

Issue 1

user application data are encapsulated.
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5.2.1.2 Packet Sequence Control (2 octets). This 16-bit field is divided into two
subfields:

(1) Sequence Flags (Bits 0,1)

The Sequence Flags, which occupy the two most-significant bits of the 16-bit
Packet Sequence Control Field, provide a method for defining whether this packet
is a first, last or intermediate component of a higher layer data structure, such as a
set of packets which are addressed to one particular Application Process.kor
instance, this packet may contain data to load one location of a memory, and may be|
followed by several more related packets which together load a complete
subroutine. The Sequence Flags therefore may be used to delimit thisthigher-layer
data structure.

The assignment of the Sequence Flags is as follows:
(a) Last Sequential Component (Bit 0)
When Bit 0 is set to value "1", it indicatés that this packet is the lasi
component of a higher-layer data structure which is addressed to one
particular spacecraft Application Process:.
(b) First Sequential Component (Bit.1)
When Bit 1 is set to valde "1", it indicates that this packet is the firsf
component of a higher-layer data structure which is addressed to on¢

particular spacecraft-Application Process.

Bdsed on the above assignments, the Sequence Flags may be interpreted as follows:

Bit 0 Bit-1 Interpretation
0 0 Continuation component of higher data structure
0 1 First component of higher data structure
1 0 Last component of higher data structure
1 1 Standalone Packet

(2)~ Packet Name or Sequence Count (Bits 2 through 15)

i iven p
unique name) with respect to others occurring within a Telecommand Session. The
naming capability permits the packet to be traced and supervised prior to its release
for execution. If the control activity directed by the packet is independent of other
spacecraft activities, naming may consist of simply placing a straight sequence
number within this field. If the packet is a member of a larger interrelated group of
packets (i.e., a TC File), the field may be internally partitioned (see Section 5.3) to
include the File Name.
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5.2.1.3 Packet Length (2 Octets). This field contains a sequential 16-bit binary count
"C" of the length (in octets) of the remainder of the data structure which is enclosed between
the first bit of the Secondary Header and the last bit of the Packet (i.e., the last bit of the
Application Data field). The field is expressed as follows:

= { (Number of octets) - 1 }

636

octets of Secondary Header and Application Data, plus 6 octets of rimary Header).

3.2.2 SECONDARY HEADER

[he Secondary Header field is optional. Its length shall always be an integral number of octets.
The purpose of the Secondary Header is to provide a means for encoding, within a TC Packet,
gny ancillary data (time, sending address, data field format, etc.) which may be necessary|for
the interpretation of the application data contained within the packet.

a Secondary Header is present, this shall be indicated by setting the Secondary Header Hlag
value "1". At present, the CCSDS has not developed recommendations for the intefnal
ormat of the Secondary Header: therefore, localcconventions may be used as requifed.
owever, in order to permit future standardization of this data structure the most-significan{ bit
Bit 0) of the leading octet within the Secondary Header shall be reserved and assigned as
ollows whenever the Secondary Header Flag\is set to value "1":

Bit0="0": non-CCSDS-defined Secondary Header follows
Bit0="1": CCSDS-defined Secondary Header follows

3.2.3 APPLICATION DATA

The Application Data fi€ld contains the user telecommand information to be transported to|the
$ystem Management layer onboard the spacecraft. Users are free to adopt whatever formatfing
onventions arg'convenient: the only formal restriction imposed on the Application Data field is

transport process. The length and location of the fleld and the ch01ce of the encodmg
polynomial, is left to the user.
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5.3 STANDARD PROCEDURES WITHIN THE LAYER

TC Packets may be transmitted to the spacecraft as standalone entities, or may be batched
together into TC Files. A TC File is a complex data structure which contains an interrelated
group of TC Packets, often addressed to different onboard application processes. The entire
File must be transferred to the spacecraft complete and without error, though it is not
necessanly requlred to transmit us 1ntemal elements in sequenual order However, the Flle
ma cutio 2 g
complete and all of its parts are in sequence. At the scndmg cnd of thc TC System the
knqwledge that the TC data units must be handled as a File is passed to the layer below)(e.gl,
the| Data Routing Service) by encapsulating the data units within CCSDS standard datp
intgrchange structures that contain appropriate control instructions.

Sinke the TC Packets within the File are interrelated, they must be given a common "name" tp
identify this relationship for the purposes of system control. For example, it may be required
to be able to activate, suspend or cancel an entire File via a singlé. command, even if the
individual component packets of the File have been distributed ‘for storage within thejr
addressed application processes. This issue of the Recommendation therefore defines the
required "File Handling and Naming" procedure.

5.3.1 FILE HANDLING AND NAMING PROCEDURE

Indication that a set of user application data is to be-aggregated into a TC File is conveyed to llle
Pagketization layer by means of session control instructions from the System Manageme
laygr. A TC File has three main attributes:

(1) It has a distinct "File Name" by which it may be identified throughout all phases gf
transport and delivery.. The File Name supports the facility to modify, activate,

suspend, resume or.abort all elements within the File at any time prior to thejr
release for execution.

(2) Itcontains aprédefined number of interrelated TC Packets.

(3) It mustbe delivered intact and complete before any of its internal elements may b
released for execution.

o

The structure of a TC File shall conform to either of the following conventions:

mdmdual mterrelated packets encapsulated wnhm its data field, or

B. It shall consist of an aggregated, delimited string of distinct named TC Packets,
beginning with a leading TC Packet which "opens" the file and defines its internal
structure (e.g., how many other packets follow). A trailing TC Packet may be used
to "close" the file if desired.
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The TC Packet format features which support File addressing and naming are the "Application
Process ID" and "Packet Sequence Control” fields. For convention "A", the parent TC Packet
shall contain an Application Process ID which addresses it to an onboard File handling
process. The encapsulated packets shall have identifiers of their eventual destination
application processes. For convention "B", only the opening and closing packets shall contain
the Application Process ID of the onboard File handling process: intermediate packets shall
contain identifiers of their eventual destination application processes.

n abstract-syntax User File Name is created within the Application Process layer. ThisUser
ile Name (e.g., "Calibration 23" or "Orbit 426") provides the capability for the user'to tjack
the status of the File as it progresses through the delivery process, so that it may \be activated,
spended, resumed or aborted at any point prior to execution. The System Management layer
translates the abstract-syntax User File Name into concrete transfer syntax for use by|the
acketization layer, and creates the corresponding session control instructions which reqpest
ervices from lower layers of the telecommand system in order to deliver the File. (Note:{the
etails of these control instructions are not presently specified withirtthis Recommendation))

uccessful transport of the File is reported back to the sendifigiénd of the Packetization layer
ia a Telemetry Packet from the receiving end which contain$ the concrete-syntax File Namg as
e single identifier of the entire collection. The abstract'contents of such a reporting pagket
e an item for potential future standardization.

he Packetization layer shall use the following;rules for inserting the concrete File Name |nto
e "Packet Sequence Control” field of the header of each TC Packet which is a componert of
e File:

(1) The concrete File Name shall be inserted into the 14-bit "Packet Name or Sequgnce
Count" subfield of the Packet Header. Local rules for formatting this subfield fmay
be adopted by the.using Project; for instance, it may be internally partitioned to
include both the File Name AND a counter which provides sequence cortrol
information-to the destination application process.

(2) If moresthan 14 bits are required for the concrete File Name, the name may be
exténded into the Secondary Header.

The PacKetization layer draws upon the layers below (e.g., the Data Routing Service) in opder
fo transfer a named File to-the spacecraft. The File is passed to the layer below by
‘ncapsulatmg 1t within a CCSDS standard data mterchange structure which also containg the

that for the duratlon of transfer the Flle must be attached toa spec1ﬁc Vlrtual Channel by the
Data Routing Service, and must be moved to the spacecraft according to a selected Command
Operation Procedure.
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ANNEX A
DATA MANAGEMENT SERVICE
ACRONYMS AND TERMINOLOGY

(THIS ANNEX IS PART OF THE RECOMMENDATION)

Purpose:
This Annex defines the key acronyms and terms which are used throughout this
Recommendation to describe’ activities within the Application Process, System Management
gnd Packetization layers:
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ACRONYMS

CCSDS: CONSULTATIVE COMMITTEE FOR SPACE DATA SYSTEMS
COMM. NET: COMMUNICATION NETWORK
ID: IDENTIFIER
MSB: MOST SIGNIFICANT BIT
OP[I': OPTIONAL
S/q: SPACECRAFT
SEC. HDR: SECONDARY HEADER
TC: TELECOMMAND

TERMINOLOGY

ABSTRACT TRANSFER SYNTAX:

A flormal logical notation used within the Application Pro¢ess layer to express a user comman il
request.

(o]

Exhmple: a user request might take the form of "Request #426/34: turn on Spectromets
Scanner Motor #5 at perigee on Orbit-426, providing that Baseplate Temperature does ng
ex¢eed 42-degrees Centigrade". The Abstract Transfer Syntax might define the command ¢
lower layers of the Telecommand System as follows: "::Spacecraft(82):: Session(2187)}:
Ddy(234):: Window(17:00-18:30):: File(0426):: Contingency(A56):: COP(2/VC-34)}:
Indtrument(10):: SMSON(Temp<42):: Powermargin(10w):: UserlD(426/34)::"

UV o~

APPLICATION PROCESS:

Application Processes provide the facilities and interfaces whereby which a user directs|a
re¢eiving eleméntin space. Application Processes exist at both ends of the Telecommard
Syfstem.

Af the $énding end, Application Processes formulate Command Directives in response fo
redidests for commands submitted by a user. Other Application Processes integrate, aggregate,
assemble, validate and name  Sets of Commmarnd Pirectivesfor-delivery-to-the-spaceeraft-in
order to execute desired mission sequences. Application Processes also direct and monitor the
end-to-end process of delivering and executing the commands, including the selection of
recovery strategies in case of abnormal performance by lower layers of the system. At the
receiving end, Application Processes execute and confirm the spacecraft actions specified by
the Command Directives.
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APPLICATION PROCESS LAYER:

The upper layer of the TC System is the Application Process layer. It contains the Application
Processes that support spacecraft commanding at the sending and receiving ends, and includes
the data formats and protocols which are used to exchange information. The layer translates
user requests into Command Directives.

(JOMMAND:

An instruction from a user to a receiving element (spacecraft application process)ito perform a
specific control action.

A user may input a request for a command into the Telecommand System-in the form of either a
high-level language expression of the desired activity (which must-be translated priof to
delivery to the spacecraft), or actual executable data bits.

COMMAND DIRECTIVE:

A Command Directive is a high-level language representation of a desired control action, which
as been formulated by an Application Process in an."Abstract Transfer Syntax" in responsg to
request for command activity submitted by a user.

0 oo

A Command Directive contains three abstract components:
(1) An identifier by which the user may trace the command(s) during transit.
(2) The requested command(s).

(3) The instructions for delivering and executing the command(s) (time windows,
required System state at execution time, contingency procedures, etc.).

CONCRETE' TRANSFER SYNTAX:

=

[he actual Telecommand data which are transported to the spacecraft as the contents of TC
lrackets, consisting of binary-encoded representations of the abstract command.

CONTROL INSTRUCTION:

Information required to set up a TC System layer to support the handling of Telecommands.
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NAMED SET:

A collection of user Command Directives which must be delivered as a complete entity. The
set of interrelated directives is given a "name" by the user to facilitate control and traceability of
the collection during the delivery process.

PA YrF A TDY N J—A R
N TILATIUIV AT

The¢ Packetization layer (which resides immediately below the System Management-layer)
formats the Telecommand application data into end-to-end transportable data units called
"Tqlecommand Packets", possibly arranges the packets into interdependent batches callegl
"T¢lecommand Files", moves the packets to the receiving end, and confinms their corredt

recgipt.

RECEIVING ELEMENT:

That part of the space system which executes a command to produce a desired control action.

RECEIVING END:

These parts of the Telecommand System which.are in the vicinity of the receiving element.

SENDING END:

Thpse parts of the Telecommand.-System which are in the vicinity of the user.

STANDARD DATACINTERCHANGE STRUCTURE:

A CCSDS-defined. standard method for passing data between application processes.

SYSTEM MANAGEMENT LAYER:

. . . .
.............. de mmed e helo he _ADD on Pro

layer) provides the transformation between high-level user Command Directives and the

detailed information and instructions used within lower layers to deliver sets of commands. In
particular, the layer translates between the Abstract Transfer Syntax used by the application

processes and the "Concrete Transfer Syntax" used by the Packetization and lower layers.
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TELECOMMAND:

A generic term used to describe commands during the time that they are being
telecommunicated to the spacecraft.

TELECOMMAND DELIVERY:

elecommand Delivery is the end-to-end process of transferring telecommands from|an
pplication Process at the sending end to an Application Process at the receiving end. |An
intermediate step within the delivery process is Telecommand Transport.

TELECOMMAND FILE (TC File):

A TC File is a named set of interrelated and ordered TC Packets-which together controll an
independent unit of activity on board the receiving spacecraft, and which must be transported
intact and complete (but not necessarily in sequence) prior t0.being released for delivery and
xecution. The TC File contains all the telecommands to perform one complete, well-defined
equence of activities for a specific segment of a mission, e.g., a trajectory maneuver, a
cientific data-taking exercise, or an emergency @outine, and therefore often contdins
ommands addressed to multiple destinations. Theactivities directed by a File are theoreticdlly

dependent of those directed by other Files.

TELECOMMAND PACKET (TC Packet):
A TC Packet is a protocol data unit consisting of a two elements:
(1) A Header conveying identification information, and

(2) A Data Field containing user command application data destined for delivery {o a
specific-application process onboard a desired receiving spacecraft.

Conceptually, the length of a TC Packet is unconstrained: however, the present conctete
mplementation of the TC Packet has a finite maximum length.

A TC Session is the period of time when Application Processes at the sending and receiving
ends of the TC System are physically and/or logically interconnected for the purpose of
delivering Telecommand data. A TC Session is established to transport all of the
telecommands required to execute a specific set of actions that implement a particular phase of
the overall mission profile.
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TELECOMMAND SYSTEM:

The end-to-end confederation of layered data handling services which exist to enable a user to
send commands to receiving element in space. An end-to-end space Telecommand System
contains both a "sending end" and a "receiving end".

Telecommand Transport is the process of moving a set of TC user data from the sending'end t
the receiving end of the Packetization layer, using services provided by the lower layers.
en correct receipt of the set is confirmed at the receiving end, the commands,are passed to
thel System Management layer for delivery.

USER:

A human or machine-intelligent process which directs the progress of a space mission by
senjding commands to a space system.

USER DATA:

—

Telecommand information bits which are to be delivered without alteration to a user applicatio
pracess.

USER FILE NAME:

Naming of the file is performied by an Application Process. The User File Name (e.g., "Orb
426") provides the capability-for the user to track the status of the file as it progresses throug
thq delivery process, so that it may be activated, suspended, resumed or aborted at any point
pribr to execution. (The System Management layer translates the high-level User File Na
intp an appropriafe ¢oncrete transfer syntax for use by the Packetization layer, and creates th
cofresponding T'C Session control instructions which request services from lower layers of th
T( System injorder to deliver the file.
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ANNEX B
DATA MANAGEMENT SERVICE SPECIFICATION

(THIS ANNEX IS PART OF THE RECOMMENDATION)

Purpose:

This Annex provides the detailed specification of the service provided by the Application
Rrocess, System Management and Packetization layers.
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B-1 OVERVIEW OF THE LAYERS WITHIN THE DATA MANAGEMENT
SERVICE

Human users are the supervisors of a space mission. It is they (or their machine-intelligent
delegates) who establish an overall data acquisition profile, monitor the incoming data, and
decide on changes to future data-taking sequences based on observed results. The mechanism
which permits control of the data acquisition process is the Telecommand System: the Data
MgfTageTent Service provides the primary user interface with the Telecommand Systemn.

Thg Data Management Service is distributed between elements of service provided. at th
serjding end (where the user resides) and the receiving end (where commanded.actions ar
effected). The two ends may be remotely located, or coincident.

The first layer of human interface with the Telecommand System consists of a diverse set 0|
usgr-controlled application processes. The Application Process layer asSists the users in th
preparation of the overall mission sequence of events by: identifying where data-takin
opportunities exist; formulating the command directives which will cause changes in the stat
of the mission system; integrating and aggregating the directives'from many users to form

validated, workable series of actions which are to be performed; partitioning the series o
acjons into independent pieces; directing the overall<delivery of telecommands whic
implement those actions to the spacecraft; and reporting.§ticcessful execution to the user.

The Application Process layer draws upon the services of a System Management layer t¢
prgvide the transformation between the high-level actions requested by the user and the detaileq
(bif-level) application data which are required-by lower layers of the automated Telecommand
System.

The System Management layer provides these services by: translating abstract user command
dirpctives into concrete telecommand application data which are to be transmitted to the
iving Application Processes in space; providing a local concrete presentation syntax fo,
these application data; formulating the detailed session control and scheduling parameters

ired by this and other layers to deliver the telecommand data to the spacecraft; passing th
detailed session control requirements to other layers; and reporting successful onboarI
delivery of telecommand data to the Application Process layer.

=

The System Management layer draws upon the services of the Packetization layer to assemblg
thelactuabconcrete data objects which are used to move the application data to the receiving end
in gpace; to establish the transport connection, and to perform and verify their transport.

The Packetization layer provides these services by: encapsulating the application data within
standard labelling information required to ensure reliable transport; possibly packaging the
labelled data units (packets) into interrelated batches (files) which must be transported intact;
transporting these packets or batches of packets through the lower layers which provide
physical data routing and transmission to the spacecraft; and reporting the successful transport
of application data.
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The Packetization layer draws upon the Data Routing Service (Segmentation and Transfer
layers) and the Channel Service (Coding and Physical layers) to physically transmit the batches
of data units to the spacecraft, as described in References {21, [3], and [4].

B-2 APPLICATION PROCESS LAYER SERVICE SPECIFICATION

The basic Qualify of Service of the Application Process layer i 10 permit a Single uset to
rmulate one instruction to control a single remote function in space, interface that instniction
ith the systems which provide physical delivery, and execute the instruction as direeted by [the
ser. When multiple users are involved who share common resources, the enhanced Quality

f Service is to integrate multiple user instructions which control multiple,Mnterdependent

unctions in space, validate the integrated instructions to verify that common resource

¢onstraints are not violated, interface the aggregated instructions withythe systems which
provide physical delivery, and execute the instructions as directed by theusers.

B-2.1 Application Process Layer: Sending End Service Specification

(1) INPUTS

From the user:

(a) Individual requests for mission scheduling information.

(b) Individual requests for<specific named command actions, formulated n a
suitable high-level language.

(c) Instructions defining the delivery and execution requirements associated with
the named commands.

From the receiving end of the layer:
(d) _Reports describing telecommand execution status.
From the layer below:

(e) Reports describing TC System delivery performance.

To the user:
(a) Mission scheduling and sequencing information.

(b) Reports defining the naming conventions used to label the requested
command actions, and describing the status of their delivery.
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(c) Reports which indicate the proper execution of specific command actions.

To the receiving end of the layer:

(d) Control instructions defining the overall spacecraft system conditions which
must exist at the time of execution of the commands.

Tothe tayerbelow:

(e) Integrated, aggregated, named sets of multi-user command directives fon
translation into transportable application data and delivery instructions.

() Requests for the status of delivery of named sets of commandidirectives.

(g) Control instructions which select the particular overall Telecommand System
configuration that is required for delivery of the command directives.

(3) INTERNAL FUNCTIONS

(a) Maintains a current data base of mission‘scheduling information (integrated
mission sequence, data acquisition préfile, telecommanding opportunities
Telecommand System operational schedules and resource constraints, etc.).

(b) Displays selected scheduling\information in response to queries from
individual users.

(c) Iteratively responds toindividual user requests for specific command actiong
by indicating system resource availability.

(d) Translates individual user requests for named command actions intg
correspondingly named command directives which are interpretable by the
layer below.

(e) Brovides facilities for the user to suspend, resume or abort the transfer of the
named sets at any time prior to execution.

(f) Integrates the command directives from multiple users into named sets, and
communicates the naming conventions to the user.

(g) Organizes the named sets of directives into telecommand sessions, validates
the workability of the sessions by appropriate checking of interactions and
system resource constraints and allocations, and possibly estimates the overall
effect of the telecommand sessions by simulating the integrated spacecraft
response to set of command directives.
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(h)  Generates the control instructions which are required by the layer below in
order to communicate the named sets of command directives to the spacecraft
in a timeframe which is responsive to user objectives, including the selection

of the overall Telecommand System configuration that is required.

(1)  Generates control instructions to the receiving end of the layer which define
the system conditions that must exist at time of execution of the named sets of

command-diractivac
GO 1IG-GHeC

e

1)

()

A 73 @ &~ ry

() Analyzes reports from the receiving end of the layer, and from the la
below, and formulates on-demand reports to the user on the status.of deliv
and execution of named sets of command directives.

$-2.2 Application Process Layer: Receiving End Service Specification

INPUTS

From the spacecraft system:

(a) Current spacecraft state, resource status, time.
From the layer below:

(b) Named sets of executable Commands.

From the sending end ofthe layer:

() Control instructions which define the operational conditions that must exis
order to execute the named sets of commands.

OUTPUTS
To the spacecraft system:

(a) Executed command actions which cause changes in spacecraft state at
appropriate time.

yer
Ty

in

the

To the sending end of the layer:

Issue 1

€b) Reports describing telecommand execution status.

To the layer below:

(c) Reports describing ability of the layer to accept new deliveries.
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