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1. INTRODUCTION / L &Iz

1.1. PURPOSE/ BH#

This document is a part of the Standard of
Communications and Data-Handling Architecture
(SCDHA). In this document, the overall concept of
this architecture is introduced, and the interlayer
requirements, the onboard protocol architecture and
the ground protocol architecture are specified.

The SCDHA presents the restrictions on the range of
the parameters/options which are specified in the
CCSDS recommendations, and also introduces
some concepts beyond the recommendations.

The SCDHA specifies the standard framework for

the onboard and ground systems for
communications/data-handling that are used in
spacecrafts for science missions developed by space
science projects. This model sets a set of
standardized methods to specify functions of any
spacecrafts and to manage -electronically
information of the functions. This standardized
model would make systematic development of
spacecraft functions easier and make reusing the
existing onboard instruments or parts of them
practical. Then, the ultimate purpose is to reduce the
cost of development of new spacecrafts and to

enhance their reliability.

1.2. SCOPE // &

This document specifies the overall concept of the
SCDHA and applies [A2].

This document does not specify how these
requirements are implemented with hardware or
software.
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1.3. APPLICABILITY / BR%

The standards of spacecraft-onboard and ground
systems presented in this document apply to the
projects that have decided to adopt the SCDHA. If a
project has decided to adopt the SCDHA, the
SCDHA shall apply to all of the onboard and ground
systems for communications/data-handling used in
the project.

If a project needs to use protocols not specified in
this document in addition to those specified here in
order to meet its mission requirements or to develop
their spacecraft efficiently, it may choose to do so.

The standards described in this document also apply
to the standard instruments.
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1.4.

1.4.1.

[AT]
[A2]
[A3]

[A4]

[A9]
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1.5. STRUCTURE OF THIS DOCUMENT // XZ#k

This document is organized as follows.

Chapter 1 (this chapter) states the purpose, scope,
and applicability of the document, and lists the
references, definitions, and notations used
throughout the document.

Chapter 2 presents an overview of the architecture.

Chapter 3 specifies the requirements of this
architecture.

Appendix A lists the acronyms used in this
document.

Appendix B shows the traceability between sections
in this document and those in [A1].
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1.6. DEFINITIONS AND NOTATIONS // &R UFRDE

1.6.1.  Terms defined in the Spacecraft Monitor and Control Protocol
Spacecraft Monitor and Control Protocol TiE$k =5 LS

This document adopts the following terms defined A E TIX. Spacecraft Monitor and Control Protocol
in the Spacecraft Monitor and Control Protocol (SMCP) [R1] TEZEINLIROBEBEXEHERT
(SMCP) [R1]: B,

Controller, Controller

Monitor, and Monitor

Target. Target
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1.6.2.  Terms defined in this document / RETEHE B HHE

The following definitions are used throughout this
document.

Common Ground Software: (see Section 3.1.4)
common ground software which can be used for all
of spacecrafts which comply this Architecture.

Ground Controller: (see Section 3.1.4)

Controller on the ground.

Intelligent Node: (see Section 3.1.2)
a Node that has one or more processors, i.e. central
processing units.

managed parameter:

a parameter to configure a protocol determined prior
to the communication and shared between sending
and receiving end (this term is used in the documents
of CCSDS protocols; e.g. the Space Packet
Protocol).

Node: (see Section 3.1.2)

a physical onboard or ground element that handles
data in some way (for example, generates, uses,
transforms, distributes, and/or stores data).

Non-intelligent Node: (see Section 3.1.2)
a Node that does not have a processor.

Onboard Controller: (see Section 3.1.4)
Controller aboard a spacecraft.

Space science project (simply project):

a project (refer ISO 9000 for example) that develops
onboard and ground systems for communications/
data-handling for science spacecraft.

FERXRDEEZRALSD,

Common Ground Software: (3.1.4 IES )
AK7—XTOFvICHISEBEICH LT, #£B
THWAENTESHEY I F 7,

Ground Controller: (3.1.4 IBES )
#h_E @ Controller,

Intelligent Node: (3.1.2 IHSHR)
—2ptnTayY (DFY  FRUEEE)
#4879 % Node.

managed parameter:

BIEICKILLRD, FETEZETDRETHE
Shd. TORILEBRETEHNTA—4(C
D AEEIL Space Packet Protocol ZE CCSDS 70
FIOIDXETAHLLNATLD),

Node: (3.1.2 IHSR)
RAIGMDAEETCT—RENV )T (BlR
. T2 0L, FA, T, Bfh. BHo
SEEINHLINEET) THLMENLGRER
BELIIHEDESR,

Non-intelligent Node: (3.1.2 IHSHR)
IO+t y Y EEFAL Node.

Onboard Controller: (3.1.4 IESHR)
BI2#EH O Controller,

Space science project (B[ project):
HOIMZEBED-OOBERHE RV EDRE
E-T—ENVRYTIRTLERKEST ST
A Y b (ISO9%00 F%5H),
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1.6.3. Notations // FREC

The following notations are used throughout this
document.

A paragraph that begins with “[Example]” (or
“[Example n]”, where n is a positive integer)
presents an example that is aimed to help readers to
understand the specification, and is not a part of the
specification.

A paragraph that begins with “[Rational]” (or
“[Rational n]”, where n is a positive integer)
contains a rational for the specification, but is not a
part of the specification.

A paragraph that begins with “[Note]” (or “[Note

E2)

n]”, where n is a positive integer) contains an
informative note that is aimed to help readers to
understand the specification, and is not a part of the

specification.
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1.7.  VERBAL FORMS / &REHRX

The following conventions apply throughout this
document.

a) the auxiliary verb ‘shall’ implies mandatory
conditions.

b) the auxiliary verb ‘should’ implies optional but
desirable conditions.

c) the auxiliary verb ‘may’ implies optional
conditions.

d) the auxiliary verb ‘can’ implies capability or
ability to do something.

e) the words ‘is’, ‘are’, and ‘will” imply statements
of fact.

The words ‘shall’, ‘should’, ‘may’ are highlighted
in red and bold font.
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When a translation into Japanese is provided, the
original English version and its Japanese translation
are given in the left and right sides, respectively, in
principle, as in this paragraph. In some cases, e.g.
titles of sections and captions of figures/tables, the
English and Japanese versions are put in a single line
separated by “//” in this order ( “English /
Japanese” ) or in separate lines with no delimiter in
between ( “English [Line-Break] Japanese” ).

In most cases, technical terms are not translated into
Japanese. The English word in alphabet remain as
they are in their Japanese translation. The forms in
alphabet in English, which distinguish the singular
and plural forms remain as they are in the Japanese
version to preserve the information of the quantity,
although the Japanese language does not inherently
distinguish the singular and plural forms.

Technical terms are basically highlighted in green
and in some cases in blue. The latter consists of
names of documents, protocols, widely used
technical terms, and those locally used in some
sections (e.g. field names). Note that the head
character of an English word in a technical term is
written in the capital letter excluding that in the
widely used technical terms.
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2. OVERVIEW/ #&

2.1. GENERAL/ —f#&

This chapter provides an overview of the Standard
of Communications
Architecture (SCDHA).

and Data-Handling

2.2.

The overall concept of the SCDHA is shown in
Figure 2-1 in a layered manner. Parts 2-8 of the
SCDHA specify the method to select and use
communications protocols. The overview of each
Part is given in Section 2.3 of Part 1 (this document).
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ARETIE. Standard of Communications and Data-
Handling Architecture (SCDHA) DEZERT,

OVERALLARCHITECTURE // 2 &KD7—%T9 F+

2
"

SCDHA OB EE. BREBEE LT
Figure 2-1 IZ7R 9", SCDHA @ Parts 2~8 (&, &
E7OFILELEDESICERL.EDLSIC
BWENZEEDH D, F/N\— FOBE(E, Part 1
(RE) D23HEITEFEHLNTLS,

Part 1: Gereral
COeOs Part 7: Cormon Functions
lavers (SMCP, FS]
---------------------- Part 2 - Erd to Erd Protocal Architecture ]
retwork Part & :
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_______ e . . leorese | o |
Part 3 - Spece Data I raE
data link Part & - o Part 7 rrent
Link Protooal
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Architecture
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. Part 4 - RF &
phiysical Protocol , Protacal
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Figure 2-1: Overall protocol structure of the SCDHA

SCDHA ® 70O kO )LD &FiEE

The left and right sides in the figure show the
onboard and ground subnetworks, respectively,
and the middle part shows the space-link
subnetwork in between.

[Note] The layers shown in the figure are defined in
the CCSDS. The data-link layers in both the
Onboard Subnetwork Protocols and Ground
Subnetwork Protocols have also the characteristics
of the network layer in the OSI Basic Reference

Model.

R E@ICEERBET TRy FT—75.
AREIICHEY TRy bD—0, ZLTHR
[CCNDEDHESCAR—RAY VIS TRy
FO—H0%RLTLS,

[F] KIZRIE (Layers) [XfilH CCSDS TE
BESN-HDTHH D, Onboard Subnetwork
Protocols & Ground Subnetwork Protocols MDA
M data-link layers I&, OSI Basic Reference Model
DY FIT—YVBOHEKRLHEEF>TLS,
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2.3.

The SCDHA specifies the architecture with layer
The
specified in Section 3.1 of this document (Part 1)

structures. interlayer requirements are
except for the Time Management, which is

specified in Part 8.

An architecture generally specifies the methods to
construct complex systems out of what kinds of
elements for what purposes. In this architecture,
onboard and ground systems for communications/
data-handling for a project are constructed by
connecting Nodes (physical elements) with the
standard communications protocols. Each Node
performs functions for generating, processing
and/or delivering data.

Part 2, End-to-End Protocol Architecture [AS8],
the the
specifications about the end-to-end protocols for

specifies standard framework for
communications between onboard and ground End
Nodes and among onboard End Nodes. The
protocols specified in Part 2 are also used between
onboard Nodes if certain onboard Nodes monitor
These
protocols are used at the top level of the protocols

and/or control other onboard Nodes.

specified in Parts 3-6.

Spacecraft Monitor and Control Protocol (SMCP)
[R1] is applied to Part 2 for monitoring and
controlling onboard Nodes from a spacecraft
operations system located either on the ground or
onboard the spacecraft. The SMCP assumes that
the functions of components in a spacecraft are
specified according to the Functional Model of
Spacecrafts (FMS) [R2].

Part 3, Space Data Link Protocol Architecture
[A9], specifies the standard framework for the
specifications about the space data link protocols
used for communications on the RF links that
connect a spacecraft and the ground.

Part 4, RF & Modulation Methods [A10], specifies
the standard framework for the specifications
about the radio frequency and modulation methods
used for communications on the RF links that
connect a spacecraft and the ground.
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Node [&. T—2 %K. LB, BIEDS BEOH
FrEIETEETTSHEEZET 5,

Part 2: End-to-End Protocol Architecture [A8] I&.
BFERH R U ED End Nodes BD@EE.
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Do
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Part 3: Space Data Link Protocol Architecture [A9]
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Part 5 (Onboard Subnetwork Protocol Architecture
described in Section 3.5 of this document)
the the
specifications about the onboard subnetwork

specifies standard framework for

protocols used for communications among

onboard Nodes.

Part 6 (Ground Subnetwork Protocol Architecture
described in Section 3.3 of this document)
the the
specifications subnetwork

specifies standard framework for
about the ground
protocols used for communications among ground

Nodes.

The Spacecraft Data Transfer Protocol (SDTP)
[AS] and the Space Link Extension (SLE) [A7] are
applied to Part 6 for the ground subnetwork
protocols used for the communications among
ground Nodes.

[Note] To Part 6, the space data link protocols,
which are applied mainly to Part3, are also used.

Part 7 (Common functions [Al1]) specifies the
common functions for a spacecraft and its
spacecraft operation systems.

Part 8 (Time Management [A12]) specifies the
handling of time for a spacecraft and its spacecraft
operation systems, whose requirements cover
multiple layers.
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3. REQUIREMENTS / BEREIH
3.1. INTERLAYER REQUIREMENTS / ¥ DBIZFE-MNEHER
3.1.1.  General/ —f&

The Standard of Communications and Data-
Handling Architecture (SCDHA) specifies the
architecture with layer structures. This section
specifies the interlayer requirements in the SCDHA
except for the Time Management, which is specified
in Part 8.

This architecture specifies (1) the basic elements
used in the onboard and ground systems for
communications/data-handling, and (2) how the
onboard and ground systems for
communications/data-handling are constructed out

of the basic elements.

3.1.2.  Basic Elements // EFXE%X

This architecture specifies three kinds of basic
elements: Nodes (physical elements), Functions

(functional  elements), and communications
protocols.
The onboard and ground systems for

communications/data-handling of any project are
composed of Nodes. A Node is defined as a physical
(onboard or ground) element that handles data in
some way. Nodes
distribute,
telemetry and/or other kinds of data). The elements

generate, use, transform,

and/or store data (telecommands,
that do not handle data in any way (for example,
structural elements) are not considered as Nodes in

this architecture.

There are two types of Nodes: Intelligent Node and
Non-intelligent Node. The Intelligent Node is

defined as a Node that has one or more processors.
The Non-intelligent Node is defined as a Node that
does not have a processor.
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The
instruments) that can be used as Intelligent Nodes

standard physical elements (standard
for any project shall adopt this architecture. The
standard parts of Non-intelligent Nodes for any
project also shall adopt it. This document of the
SCDHA does not define the specifications for the

standard instruments or parts for them.

Because a strict comprehensive definition of the
“Node” is not easy to give, each project shall
determine how the standards specified in this
document the

are implemented to

communications/data-handling systems for it.

Each Node hosts a set of Functions. The standard
instruments mentioned above can be developed
independently of the Functions that they host. In
other words, the standard instruments can be used
for many different purposes in many different
projects. The separation of the development of
Nodes from that of Functions is one of the most
significant features of this architecture.

The (standard
functions) that can be used in any Intelligent Nodes

standard functional elements
can be developed as software libraries. The SCDHA
does not specify the specifications for the software
libraries.

Nodes are connected to one another, using the
standard communications protocols. The standard
protocols are specified in five categories, as
specified in Parts 2-6 of this architecture: end-to-end
RF &
subnetwork

protocols, space data link protocols,

modulation  methods, onboard
protocols, and ground subnetwork protocols. The

entire protocol structure is shown in Figure 2-1.
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3.1.3.

The
communications/data-handling for any project shall

onboard and ground systems for
be constructed by connecting Nodes to one another

with one of the standard communications protocols.

Each Node performs Functions for generating,
data.  The
communications protocols shall be selected so that

processing  and/or  delivering
they satisfy the requirements imposed by (1) the
Functions that the Nodes perform, (2) the physical
environment of the Nodes, and (3) the physical links

that connect the Nodes to one another.

The specification about the method to select and use
the communications protocols is given in Parts 2-6
of this architecture.

In constructing communications and data-handling
systems for a project, it is recommended to use the
standard instruments and the standard functions as
much as possible. The difference in the size or
functional complexity of the system requirements
among different projects shall be reflected in the
number of the standard instruments used in each
project and the way the standard functions are
installed in the standard instruments.

In most projects, nevertheless, it is usually necessary
to develop some project-specific instruments and/or
functions to meet the specific requirements. In these
cases, the project-specific instruments shall be
developed so that they can be used in conjunction
with the standard instruments without a modification
of the standard instruments. In other words, the
project-specific instruments are developed as a
“plug-in” to the standard instruments.

In some cases, special protocols not specified in this
architecture are required to connect project-specific
elements. In these cases, the project may choose to
use appropriate protocols to meet its specific
requirements.
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3.1.4.  Monitor and Control / EE$RHIf#

Figure 3-1 shows the configuration of the Protocols
in this architecture.

Spacecraft-onboard Nodes are monitored and
controlled by a spacecraft operation system located
either on the ground or onboard the spacecraft. An
instrument which monitors and controls Nodes is
called a Controller and a Node which is monitored is
called a Target in the SMCP (see Section 3.1 in

[R1]).

This architecture defines two types of Controllers. A
Controller onboard a spacecraft is referred to as an
Onboard Controller and a Controller on the ground

is referred to as a Ground Controller.

[Note] A Ground Controller or Onboard Controller
needs not be dedicated to the monitor and control of
Spacecraft-onboard Nodes. It can have multiple
functions including the monitor and control of
Spacecraft-onboard Nodes.

In addition to the Ground Controller, a spacecraft
operation system may have an instrument which
monitors Nodes but does not control them. An
instrument called a Monitor which does not control
but monitors Nodes in the SMCP (see Section 3.1 in
[R1]).

The number of the Ground Controllers operating for
a spacecraft at any given time shall be at most one.
Multiple Monitors may operate for a spacecraft
simultaneously.

The common ground software which can be used for
all the spacecrafts that comply this Architecture is
referred to as Common Ground Software. Ground

Nodes can consist of computers which use Common
Ground Software.
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Figure 3-1: Configuration of the Protocols in this architecture
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*2: Space Packet Protocol.
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3.2. STANDARD PROTOCOLS // Z# o raL

Section 5.2 of Design Standard Communications [A1] Project [CTHICERELEWERY ., XA7—F 7T
shall be applied to this architecture, unless otherwise 9 F ¥ TlE, BIERFTEE [Al] O 52 HZE
specified in a project. BRATHZE,
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3.3.

3.3.1. General/ —f&

This section (Part 6: Ground Subnetwork Protocol
Architecture) specifies the standard framework for
the specifications about the ground subnetwork
protocols used for the communications among
ground Nodes.

3.3.2.  Specification / 4%

Section 5.3 (ground subnetwork protocol) of Design
Standard Communication [A1] shall be applied to
the ground subnetwork protocols. Note that the
Space Data Transfer Protocol (SDTP) [AS5] and the
Space Link Extension (SLE) [A7] are adopted in the
section.
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PART 6: GROUND SUBNETWORK PROTOCOL ARCHITECTURE

A IE (Part 6: Ground Subnetwork Protocol
Architecture) (&, #iE Nodes IDBIEIZCH LS
ground subnetwork protocols MD{EHDIZEM 1T
REAZED D,

Ground subnetwork protocols 12, BI{EERFTEE
[Al] ® 53 1B (btH Ty kD—o 70Ok
aJ)b) EERATASIE, LERIBETIX, Space
Data Transfer Protocol (SDTP) [A5] B U Space
Link Extension (SLE) [A7] DMERAEIATULVS,
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3.4. PART 3: SPACE DATA LINK PROTOCOL ARCHITECTURE, PART 4: RF &
MODULATION METHODS

Part 3 (Space Data Link Protocol Architecture [A9]) Part 3: Space Data Link Protocol Architecture [A9] K&
and Part 4 (RF & modulation method [A10]) shallbe ~ U Part 4: RF & modulation method [A10] Z @AY
applied. 52 &,
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3.5.

3.5.1. General/ —f&

This section (Part 5: Onboard Subnetwork Protocol
Architecture) specifies the standard framework for
the specifications about the onboard subnetwork
protocols used for the communications among
onboard Nodes.

3.5.2.  Specification / 4%

MIL-STD-1553B [A4] and/or SpaceWire [A3] shall
be applied to the onboard subnetwork protocols.

[A4] assumes transfer of the application data with
the Space Packet protocol. If [A4] is adopted by a
project and yet if some application data are
transferred with a protocol that is not the Space
Packet protocol, the project shall specify the

standard of the transfer.

21

JERG-2-400-TP101

PART 5: ONBOARD SUBNETWORK PROTOCOL ARCHITECTURE

A I8 (Part 5: Onboard Subnetwork Protocol
Architecture) (&, BZ2#EE Nodes EDBIEICA
V% onboard subnetwork protocols DLk DIZHE
RGEREAZED S,

Onboard subnetwork protocols [Z  MIL-STD-
1553B [A4], SpaceWire [A3] D3 b—AF =&
MAZERT S &,

[A4] & Space Packet protocol [C&K BT T &H—
2avT—ADEEFRRE LTS, Project
A [Ad] ERATEN. HAEOT TV r—2
3 > T —4 % Space Packet protocol KA94@ 70
F O TIEET BI5E. project IEZF DITIEDIZ
BEEDDH Lo
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3.6. PART 2: END-TO-END PROTOCOL ARCHITECTURE

Part 2 (End-to-End Protocol Architecture [A8]) shall
be applied.

The end-to-end protocols are specified with the
following protocols.

The Spacecraft Monitor and Control Protocol

Part 2: End-to-End Protocol Architecture [A8] % & FH
T5Z &,

End-to-end protocols [&. WATFOFTA FIJLIZTE
Hb,

Spacecraft Monitor and Control Protocol (SMCP) [R1]

(SMCP) [R1] is used for monitoring and controlling
spacecraft onboard Nodes by its spacecraft operation
system placed on the ground or onboard the
spacecraft. It is used in a layer above the Application

Z. BEEH Nodes ZEBREVFIHT H7=IC.

TOBHBERAOMELZOFHERBORHE2ERA TR
TALETHWS, THIX, Application Data Unit
Protocol (ADU Protocol) [A8] & Space Packet

Protocol [A6] D ERDETAHAWLS,

Data Unit Protocol (ADU Protocol) [A8] and Space
Packet Protocol [A6].

The ADU Protocol is used, in conjunction with the
Space Packet Protocol, to transfer telemetry in the
layer between the SMCP and the Space Packet
Protocol. The ADU Protocol is not used for
telecommands.

The Space Packet Protocol is used to transfer data
between onboard and ground End Nodes and among
onboard End Nodes. It is used in a layer below the
SMCP and the ADU Protocol.
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APPENDIX A. ACRONYMS // B&EE

This chapter lists the acronyms used in this AETIEH, RELAVWIRE—EEZTT,
document.

ADU Application Data Unit

SCDHA Standard of Communications and Data-Handling Architecture

SDTP Space Data Transfer Protocol

SLE Space Link Extension

SMCP Spacecraft Monitor and Control Protocol
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APPENDIX B. TRACEABILITY // fL—HE) T4«

This architecture applies [A2] which applies [Al].
Table B-1 gives traceability between sections in this
document and those in [A1]. Section 3.n (.m) of this
document corresponds to Section 5.n (.m) in [Al],
where n and m are positive integer numbers. Note
that the table of contents of [A2] and that of [Al]
coincide.
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Table B-1: Traceability between sections in this document and those in [A1]
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