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STATEMENT OF INTENT

The CONSULTATIVE COMMITTEE FOR SPACE DATA SYSTEMS (CCSDS) is an
organisation 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 rnmplptely vnlnntary, the results of Committee actions are

termed REQOMMENDATIONSs and are not considered binding on any Agency.

This RECOMMENDATION is issued by, and represents the consensus of, the CCSDS
Plenary body. Agency endorsement of this RECOMMENDATION is entirely voluntary.
Endorsement, however, indicates the following understandings:

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

— Whepever an Agency establishes a CCSDS-related STANDARD, the Agency will
provide other CCSDS member Agencies with the followingrinformation:

. the STANDARD itself.
. the anticipated date of initial operational ¢apability.
. the anticipated duration of operational service.

— Specific service arrangements shall be madé via memoranda of agreement. Neither this
RECOMMENDATION nor any énsuing STANDARD is a substitute for a
memprandum of agreement.

No later thgn five years from its date” of issuance, this RECOMMENDATION will be
reviewed by|the CCSDS to determiine whether it should: (1) remain in effect without change;
(2) be charlged to reflect the Jmpact of new technologies, new requirements, or new
directions; or (3) be retired-or-cancelled.

In those ingtances when a new version of a RECOMMENDATION is issued, existing
CCSDS-related Agency standards and implementations are not negated or deemed to be non-
CCSDS conjpatible. It is the responsibility of each Agency to determine when such standards
or implementations are to be modified. Each Agency is, however, strongly encouraged to

direct planning for its new standards and implementations towards the later version of the
RECOMMENDATION.

CCSDS 102.0-B-4 Page ii November 1995
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FOREWORD

This document is a technical RECOMMENDATION for use in developing packetised
telemetry systems and has been prepared by the CONSULTATIVE COMMITTEE FOR
SPACE DATA SYSTEMS (CCSDS). The Packet Telemetry concept described herein is the
baseline concept for spacecraft-to-ground data communication within missions that are cross-
supported between Agencies of the CCSDS.

This RECOMMENDATION establishes a common framework and provides-a‘common basis
for the data structures of spacecraft telemetry streams. It allows implementing ofganisations
within each Agency to proceed coherently with the development of “¢compatible derived
Standards for the flight and ground systems that are within their cognizance. Derived Agency
Standards may implement only a subset of the optional features allowed by the RECOMMEN-
DATION and may incorporate features not addressed by the, RECOMMENDATION.

Through the process of normal evolution, it is expected that expansion, |deletion or
modification to this document may occur. This RECOMMENDATION is therefofe subject to
CCSDS document management and change control procedures which are|defined in
Reference [1].

CCSDS 102.0-B-4 Page iii November 1995
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1 INTRODUCTION

1.1 PURPOSE

The purpose of this document is to establish a common RECOMMENDATION for the
implementation of spacecraft “Packet Telemetry” systems by the Agencies participating in the
CONSULTATIVE COMMITTEE FOR SPACE DATA SYSTEMS (CCSDS).

1.2 SCOPE

PACKET TELEMETRY is a concept which facilitates the transmission of‘space-acquirgd data
from source to user in a standardised highly automated manner.~PACKET TELEMETRY
provides a mechanism for implementing common data transport-Structures and prdtocols
which may enhance the development and operation of space mission systems.

This RECOMMENDATION addresses the following twd<processes:

—  The end-to-end transport of space mission data sets from source application professes
located in space to distributed user application processes located on the ground.

—  The intermediate transfer of these data sets through space data acquisition netyorks,
which contain spacecraft, radio links, tracking stations, ground communications circuits
and mission control centres as'seme of their components.

This RECOMMENDATION is limited to describing the telemetry formats which are gengrated
by the spacecraft in order tosexecute its role in the above processes. The services correspond-
ng to these formats are-—defined in Reference [8]. The CCSDS channel coding and
synchronisation mechanisms required to implement space-to-ground data links of acceptable
uality are definedGn Reference [2].

An overview of/the PACKET TELEMETRY Concept is given in Chapter 2.

1.3 APPLICABILITY

s " RECOMMENDATION applies {o the creation of Agency standards and to the future
exchange of PACKET TELEMETRY between CCSDS Agencies in cross-support situations.
The RECOMMENDATION includes comprehensive specification of the structure of data
streams that are generated by remote space vehicles for telemetering to space mission data
processing facilities (which are usually located on Earth). The RECOMMENDATION does
not attempt to define the architecture or configuration of these data processing facilities,
except to describe assumed ground data handling services which affect the selection of certain
on-board formatting options.

CCSDS 102.0-B-4 Page 1-1 November 1995
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The RECOMMENDATION specifies a wide range of formatting capabilities which may
facilitate a high degree of flexibility in the design of spacecraft data acquisition systems;
however, compatibility with the PACKET TELEMETRY concept may be realised by only
implementing a narrow subset of these capabilities. Some “Application Notes” which discuss

how different levels of compatibility may be achieved are included in Reference [5].

14

The CCSDS
tions chosen,
sight of prev

RATIONALE

believes it is important to document the rationale underlying the recommenda-
so that future evaluations of proposed changes or improvements will not lose
ous decisions. The concept and rationale for PACKET TELEMETRY mayalso

be found in Reference [5].

1.5

STRUCTURE OF THE DOCUMENT

For the designation of text partitions the following conventions will be' used:

text des
text deg
text des
text deg
text deg

ignated by one number belongs to a Chapter;
ignated by two numbers belongs to a Section;
ignated by three numbers belongs to a Sub-Section;
ignated by four numbers belongs to a Paragfaph;
ignated by a lower case letter belongs_toyan Item.

All specificafions are contained in Chapters 3 and-5 of this RECOMMENDATION. They are

identified by
and a lower

an Item Number consisting of the-number of the text partition as defined above,
case letter. The conventions._and definitions applied in these specifications are

itemised in Section 1.6.

All other texf

comments ar
The contents

All terms pri

CCSDS 102.0-B-4

12

and all figures in these chapters represent comments to these specifications. All
e printed in italics.

of the specifications take precedence over those of the comments.

pted in-bold-face upper-case are referenced in the Index.
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CONVENTIONS AND DEFINITIONS

The following Items contain the conventions which have been used throughout this
RECOMMENDATION.

(@)

BIT 0

BIT N-1

y

To identify each bit in an N-BIT }
FIELD the first bit in the field

N-BIT DATA FIELD

(b)

()
(d)

®

®

{0 be fransferred (1.e., the most 4
left justified when drawing a  smstar raansrerae - mss
figure) is defined to be “Bit 07;
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 (su¢h as a counter

Figure 1-1: Bit Numbering Convention

the MOST

SIGNIFICANT BIT shall be the first bit of the field, i.e. . “Bit 0” (see Figyire 1-1).

In accordance with modern data communication praétice, spacecraft data fields are often

grouped into 8-bit words which conform to convention 1.6.a. Throughout tk
MENDATION, such an 8-bit word is termed OCTET.

The numbering for OCTETSs within a data structure starts with 0.

is RECOM-

The term MISSION PHASE designates a period of a mission during whigch specified

telemetry characteristics are fixed. The transition between two consecutiy
PHASEs may cause an interruption of the telemetry services.

Certain characteristics'of the data structures specified in this RECOMMENI
required to remain ‘unchanged throughout a MISSION PHASE or thr
MISSION PHASES. In these cases the term “static” is used to specify ch
which remain_Junchanged either with respect to an APPLICATION
IDENTIFIER- (for definition see Paragraph 3.1.2.3), or within a specifi
CHANNEL (for definition see Item 5.e) or within a specific MASTER CH/
definition see Item 5.d).

IDLE DATA is data which carries no information, but is sent to mee
synchronisation requirements. The bit pattern of IDLE DATA is not specifi

CCSDS 102.0-B-4

Page 1-3

e MISSION

DATION are
bughout all
aracteristics

PROCESS
VIRTUAL

ANNEL (for

[ timing or
led.
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2 OVERVIEW

This PACKET TELEMETRY RECOMMENDATION describes data structures used to
transport data from data sources on board a space vehicle to data sinks on the ground, as
shown in Figure 2-1.

ON-BOARD
DATA SOURCES

ON-BOARD
DATA SYSTEM

Y

SPACE-GROUND
LINK

GROUND
DATA SYSTEM

d

ROUND
TA SINKS

Figure 2-1: CCSDS Packet Telemetry Data System

2.1 THE PACKET TELEMETRY CONCEPT

The essence of the packet telemetry concept is to, permit multiple applicati
running in on-board sources to create units of data as best suits each data sour
to permit the on-board data system to tran$mit these data units over a spa
communications channel in a way that enables the ground system to recover t
data units with high reliability and provide them to the data sinks in sequencs
board sources are either instruments_or; sub-systems.

To accomplish these functions, this’ Recommendation defines two data structures
PACKETs and TRANSFER- FRAMEs — and a multiplexing process to interlea
PACKETs from various APPLICATION PROCESSes into TRANSFER FRAME

2.2  SOURCE PACKET

The SOURCE PACKET, which in the following text may also be termed pack
structure generated by an on-board APPLICATION PROCESS in a way that is 1
the néeds of that process. It can be generated at fixed or variable intervals and 1
or/vdriable in length. Aside from a packet header that identifies the source and c}
of*the packet, the internal data content of the SOURCE PACKET is complete
control of the APPLICATION PROCESS.

n processes
ce, and then
ce-to-ground
e individual
e. These on-

— SOURCE
ve SOURCE
S.

et, 1s a data
esponsive to
nay be fixed
aracteristics
y under the

The SOURCE PACKET allows each APPLICATION PROCESS within a data source to
optimise the size and structure of its data set with a minimum of constraints imposed by the
spacecraft-to-ground transport system. Each data source is thus able to define its data
organisation independently of other data sources and to adapt this organisation to the various

modes of the instrument or sub-system.

CCSDS 102.0-B-4 Page 2-1
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The SOURCE PACKET PRIMARY HEADER contains an APPLICATION PROCESS
IDENTIFIER used to route the packet to its destination sink. The header also carries
information about the length, sequence, and other characteristics of the packet. An optional
SOURCE PACKET SECONDARY HEADER is provided for standardised time-tagging of
SOURCE PACKETsS, and to carry application-unique ancillary data.

2.3 TRANSFER FRAME
The TRANSH
packetised dj
TRANSFER 1
TRANSFER ]
length (for a g

the CCSDS R

ER FRAME is a data structure that provides an envelope for transmitting
ita over a noisy space-to-ground channel. It carries information in the
FRAME PRIMARY HEADER that permits the ground system to route the
FRAMESs to their intended destination. The TRANSFER FRAME is of\fixed
iven PHYSICAL CHANNEL during a MISSION PHASE). It is compatible with
ecommendation for Telemetry Channel Coding (including synchromsation) (see

Reference [2]

Multiple, indi
generate vari

: thus the transmitted data can be recovered with extremely high' reliability.

vidual, asynchronous APPLICATION PROCESSes on boatd 4 space vehicle can
ble-length SOURCE PACKETs: at different rates, and thése SOURCE PACKETS

can then be mpltiplexed together into a synchronous stream of fixed-length coded TRANSFER
FRAME:s for [reliable transmission to the ground.

The TRANSFER FRAME PRIMARY HEADER provides the necessary elements to allow the

variable-leng
spacecraft to
contained in 2
can begin or
carry data; th
frames.

The mechanis
and insufficig
TRANSFER
synchronisati
data.)

On the groun

SOURCE PACKETs from a number 0f APPLICATION PROCESSes on a
be multiplexed into a sequence of fixed-length frames. Short packets may be
single frame, while longer ones#hay span two or more frames. Since a packet
end at any place in a frame, the entire data field of every frame can be used to
ere is no need to tune the sizes of packets or their order of occurrence to fit the

m of IDLE PACKETs 1s provided for the case where a frame must be released
nt packet data Gs)available. Further, frames containing IDLE DATA in the

[FRAME DATA/FIELD are defined to keep the data capture element in

bn in the_absence of data. (Other fields in the frame may still contain valid

d.the information in the frame and packet headers allows the data acquisition

system to ext

ract packets i a Standardised way.

In addition to packets, the TRANSFER FRAME can carry two optional fields, the TRANSFER
FRAME SECONDARY HEADER and the OPERATIONAL CONTROL FIELD. The
TRANSFER FRAME SECONDARY HEADER can be used to carry fixed-length mission-
specific data. The OPERATIONAL CONTROL FIELD can be used to provide the status of
telecommand or other spacecraft operations activities. Instead of packets the TRANSFER
FRAME can carry PRIVATELY DEFINED DATA.

CCSDS 102.0-B-4 Page 2-2 November 1995
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24  SHARING TRANSMISSION RESOURCES

As most space communication systems are capacity-limited, multiple users must share access
to the downlink data channel, so the on-board data system must be able to manage the data
flow to the ground in an orderly manner. In addition, different types of data may be handled
differently on the spacecraft or on the ground. This Recommendation provides the method of
VIRTUAL CHANNELISATION for controlling the data flow.

VIRTUAL CHANNELISATION is the mechanism that allows the variousysofirces which
generate packets to be “virtually” given exclusive access to a PHYSICAL CHANNEL by
assigning them transmission capacity on a frame-by-frame basis. Each(TRANSHER FRAME
is identified as belonging to one of the up to eight VIRTUAL EHANNELs| VIRTUAL
CHANNELISATION is normally used to separate sources or idestinations with different
characteristics. For example, if a payload contains an imagiig)instrument whigh produces
packets containing many thousands of octets, and a numbér of other instrurents which
generate smaller packets, a possible system architectureywould be to assign the imaging
instrument packets to one VIRTUAL CHANNEL and t& handle the rest by multigjlexing them
onto a second VIRTUAL CHANNEL. VIRTUAL €HANNELs may also be used to separate
real-time packets from recorded packets, both on.the spacecraft and on the grqund, and to
allow easy separation on the ground of data’streams that are to be sent [to different
destinations.

Figure 2-2 shows the flow of telémetry data from several on-board packet sources
(instruments or sub-systems), through to the delivery of the same data to SINK PROCESSes

on the ground. At the top of the figure, generation of SOURCE PACKETs from
TION PROCESSes in several(data sources is shown. These packets are multiple
TRANSFER FRAME:s of several VIRTUAL CHANNELs. These TRANSFER H
transmitted to the ground, using appropriate error protection and synchronisation
On the ground theyyare demultiplexed into VIRTUAL CHANNELs, and the
extracted. SOURCE PACKETs are then delivered to SINK PROCESSes, shown a

APPLICA-

xed into the
RAMESs are

techniques.

packets are

the bottom

of the figure,ising the APPLICATION PROCESS IDENTIFIERs in the SOURCE PACKET
headers for.routing. SOURCE PACKETs with a given APPLICATION PROCESS| IDENTIFI-
ER may<be-delivered to one or more SINK PROCESSes. Packets may be time-ofdered prior
to delivery using the information in the PACKET PRIMARY HEADER and the PACKET
SECONDARY HEADER.

2.5 APPLICATION NOTES

Application Notes, which describe how compatibility with these various data structures may
be achieved, are presented in Reference [5], along with key elements of the rationale behind
PACKET TELEMETRY.

November 1995
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FUNCTIONS DATA UNITS
Source | Source |l Source I Source IV
Genegrate Source ’ i
backets AP AP | AP AP | AP AP | AP | AP AP | AP | AP | AP
o 1] 2 3| 4 56| 7 8| 9|10 11
Source Packets
Multjplex Source
P4ckets into [ VC O ] l VC 1 Ve 2
Trarlsfer Frames

of Virfual Channels
Transfer Frames

Multiplex
Virty aligtf;annels | Master Channel I
Magter Channel

Synchronous Stream
of Transfer Frames

Apply Coding
and [ Physical Channel J
medulate RF
RF Link
Demodulate T — e
RF and l PhysicahChannel I
decode
Synchronous Stream
of Transfer Frames
Dpmultiplex
Virtyal Channels { Master Channel j
Transfer Frames
Demultiplex
Packets vCo l I VC1 J VC 2 I
Source Packets
Distriqute Packets'to
ofe or more .
SINK PrOCESSES -y gt g e
l—l —L { 5’ i > Source Packets
Sink i Sink Sink Sink
Process IProcess Process| * * * ¢ * |Process
L& _ b ole ] LU
Figure 2-2: Example of Telemetry Data Flow
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SOURCE PACKET

A SOURCE PACKET, which in the following text may also be termed PA
encapsulate a block of observational and ancillary application data wh

CKET, shall
ich is to be

transmitted from an APPLICATION PROCESS in space to one or several SINK

PROCESSes on the ground.

Figure 3-1 shows the formatiof the Source Packet as specified above incluad
formats to be specified in-the following sections.

The SOURCE PACKET shall consist of two major fields, positioned eor
the following sequence:

— PACKET PRIMARY HEADER (mandatory)
— PACKET DATA FIELD (mandatory)

The SOURCE PACKET shall consist of at least 7 and-at-most 65542 octg¢

tiguously, in

Llength in bits

48
variable

ts.

A SOURCE PACKET which contains IDLE DATA in its PACKET DATA FIELD is

called an IDLE PACKET.

Idle Packets may be generated by the an-board data system when needed to maintain

synchronisation of the data transport @and the packet extraction processes,.

A series of SOURCE PACKETs-generated consecutively by a single ABPLICATION

PROCESS may be designated\as a GROUP OF SOURCE PACKETS.

ing the sub-

|L PACKET PRIMARY HEADER ‘7]']"‘ PACKET DATA FIELD ——-—’l
VERSION PACKET SEQUENCE PACKET PACKET SOURCH DATA (<)
NO PACKET IDENTIFICATION CONTROL DATA SECONDARY
LENGTH HEADER (<)
TYPE | PCKT.| APPLICATION GROUPING SOURCE
INDI- SEC. PROCESS FLAGS SEQUENCE
CATOR| HDR. IDENTIFIER COUNT
FLAG
May
Contain:
o1 - first Pckt. No of - $/C Time
00 - cont.Pokt. octets - Packet
1 10 - iast Pokt. of Packet Format
Sec.Hdr. of Group Dats into
presony, FIOTT ATTCTTRTY
000 [ olse 0 11 - no Grouping minus 1 Data
3 Blfs-+ 1 Blf+1 BII+— 11 Bits —>¢— 2 Blts——+*14 Bits—»| r— varlable ‘+—vnrlnblo —>
4—————— 2 Octets 2 Octots ————»e~2 Oct.—¥ 1 to 65538 Octete—»|

(+) may or may not be required; for detalls see specifications In text.

Figure 3-1: Source Packet Format
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3.1 PACKET PRIMARY HEADER

a. The PACKET PRIMARY HEADER is mandatory and shall consist of the four fields,
positioned contiguously, in the following sequence:
' Length in bits

—  VERSION NUMBER 3
— PACKET IDENTIFICATION 13
—[ PACKET SEQUENCE CONTROL 10
—| PACKET DATA LENGTH 16

3.1.1 YERSION NUMBER

c VERSION NUMBER shall be contained within the bits 0-2 of fthe PACKET
PRIMARY HEADER.
b.  Thlis 3-bit field shall identify the data unit as a SOURCE PACKET and shall be set to
“O 0”.

| The Verfion Number is used to reserve the possibility of introducing other data structures.’

3.1.2 PRACKET IDENTIFICATION FIELD

a. The PACKET IDENTIFICATION FIELD.shall be contained within the bits 3—15 of the
PAICKET PRIMARY HEADER.

b.  This 13-bit field shall be separated into three sub-fields:

Length in bits
—{ TYPE INDICATOR I
—{ PACKET SECONDARY HEADER FLAG l
—{ APPLICATION,PROCESS IDENTIFIER 11

The Padket Identification verifies the type of the packet (Telemetry Source Packet), indicates
whether| the packet carries a Secondary Header or not, and provides information on the
source {f the\data, i.e., the Application Process.

I I Version Number 100 was specified in previous issues of this document for the Source
Packet Segment, which is no longer defined.

CCSDS 102.0-B-4 Page 3-2 November 1995
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3.1.2.1  TYPE INDICATOR

a.  Bit 3 of the PACKET PRIMARY HEADER shall contain the TYPE INDICATOR
indicating the type of data unit.

b.  The TYPE INDICATOR shall be set to “0”.

Becauce CCSNDS to]a 13994
ettty

tetecommandsesasimitarpucket structurethe typeindicator gistinguishes
between telemetry and telecommand data units (for telecommand packets the\type indicator
will be set to “1”; see Reference [4]).

3.1.2.2  PACKET SECONDARY HEADER FLAG

a.  Bit 4 of the PACKET PRIMARY HEADER shall contdin the PACKET SECONDARY
HEADER FLAG.

b.  The PACKET SECONDARY HEADER FLAG shall indicate the presence of absence of
the PACKET SECONDARY HEADER within this SOURCE PACKET. It shall be “1”,
if a PACKET SECONDARY HEADER<is present; it shall be “0”, if a PACKET
SECONDARY HEADER is not present;

¢.  The PACKET SECONDARY HEADER FLAG shall be static with respect to the
APPLICATION PROCESS IDENTIFIER throughout a MISSION PHASE.

d.  The PACKET SECONDARY HEADER FLAG shall be set to “0” for IDLE PACKET:.

3.1.2.3  APPLICATION PROCESS IDENTIFIER

a.  Bits 5-15 of the PACKET PRIMARY HEADER shall contain the APRLICATION
PROCESS IDENTIFIER.

b. _The’APPLICATION PROCESS IDENTIFIER shall be different for differenj APPLICA-
TION PROCESSes on the same MASTER CHANNEL (for the definifion of the
MASTER CHANNEL see Item 5.d).

c. For IDLE PACKETs the APPLICATION PROCESS IDENTIFIER| shall be

“ITT111111117, i.e., “all ones”.

This identifier is tailored to local mission needs and is therefore assigned by mission
management. Users should note that ground data accounting considerations may limit the
number of different Application Processes which may be active simultaneously. Certain
Application Process Identifiers have been reserved in Reference [6] to be used for specific
purposes.

CCSDS 102.0-B-4 Page 3-3 November 1995
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3.1.3 PACKET SEQUENCE CONTROL FIELD

N~ T TN ANT TER - - Vol

a. The PACKET SEQUENCE CONTROL FIELD shall be contained within bits 16-31 of
the PACKET PRIMARY HEADER.

b. This 16-bit field shall be sub-divided into two sub-fields as follows:

Length in bits

o

The Pad
the san

GROUFPING FLAGS >

SOURCE SEQUENCE COUNT 4

ket Sequence Control Field provides a sequential count of the packets generafed with
e Application Process ldentifier, and if the grouping feature is applied)\provides

informdtion on the position of a Source Packet in a group.

3.1.3.1

a. B
F1]

GROUPING FLAGS

ts 16 and 17 of the PACKET PRIMARY HEADER shall contain the GROUPING
LAGS.

b. The GROUPING FLAGS shall be set as follows:

c F
G
d. A
of

T

The usé

3.1.3.2

“01” for the first SOURCE PACKET of d’group;
“00" for a continuing SOURCE PACKET of a group;
“10” for a last SOURCE PACKET of a group.

r a SOURCE PACKET not belonging to a GROUP OF SOURCE PACKETS the
ROUPING FLAGS shall be«set to “117.

1 SOURCE PACKETS. belonging to a specific GROUP OF SOURCE PACKETS shall
iginate from the same”APPLICATION PROCESS identified by a unique APPLICA-
ON PROCESS IDENTIFIER.

of a Group-of Source Packets is outside the scope of this Recommendation.

SOURCE SEQUENCE COUNT

a. Bits 18-31 of the PACKET PRIMARY HEADER shall contain the SOURCE SE-
QUENCE COUNT.

b.  The SOURCE SEQUENCE COUNT shall provide the sequential binary count of each
SOURCE PACKET generated by an APPLICATION PROCESS identified by a unique
APPLICATION PROCESS IDENTIFIER.

c. The SOURCE SEQUENCE COUNT shall be continuous, modulo 16384.

CCSDS
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d. IDLE PACKETSs are not required to increment the SOURCE SEQUENCE COUNT.

e. A re-setting of the SOURCE SEQUENCE COUNT before reaching 16383 shall n
place unless it is unavoidable.

ot take

The purpose of the field is to order this packet with other packets generated by the same

Application Process, even though their natural order may have been disturbed

PEPY £ 2 1 L
l‘lulh)[/ull LUTLNE WoCerl s pProcedsour ort iine grourd.

during

The field will normally be used in conjunction with a Time Code (see Paragraph”3.2|l.1; its
insertion is, however, not mandatory) to provide unambiguous orderingi)jt is therefore
essential that the resolution of the time code is sufficient for this code tovincrement gt least

once between successive recyclings of the Source Sequence Count.

If the Source Sequence Count is re-set due to an unavoidable re=initialisation of a process

the completeness of a sequence of Source Packets cannot be determined.

3.1.4 PACKET DATA LENGTH FIELD

a. The PACKET DATA LENGTH FIELD shiall be contained within bits 32—47
PACKET PRIMARY HEADER.

b.  This 16-bit field shall contain a binary number equal to the number of octets
PACKET DATA FIELD minusl.

c.  The value contained in the-PACKET DATA LENGTH FIELD may be variable an
be in the range of 0 t6:65535, corresponding to 1 to 65536 octets.

Users should recognise that although very long packets are permissible, these may |
special problengs-iit terms of data link monopolisation, source data buffering, and n
accountability, during transfer across the unique channel from the spacecraft to the
and may add complexity to ground processing. The Recommendation therefore provi
means.to assign these packets to individual Virtual Channels (see Chapter 5). An add
measure could be to limit the maximum length of the Source Packets for a specific i
or mission phase. A

of the

in the

d shall

bresent
etwork
b round
es the
itional
Lission
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ET DATA FIELD

a.  The PACKET DATA FIELD shall follow, without gap, the PACKET PRIMARY
HEADER.

b.  The PACKET DATA FIELD is mandatory and shall consist of at least one of the two
fields, positioned contiguously, in the following sequence:

temgthmrbits
— PAICKET SECONDARY HEADER variable
— SOURCE DATA FIELD variable
C. The PACKET DATA FIELD shall contain at least one octet.

3.2.1 PACK

a. If prese
PACKE/

b.  The PA(
present;
HEADE
PACKE

c.  If preseq

— akB
— or
— or

PA

The chd
IDENTI}

The purpose d
for placing an
within a Sour

ET SECONDARY HEADER

nt, the PACKET SECONDARY HEADER shall follow, Without gap, the
' DATA LENGTH FIELD.

CKET SECONDARY HEADER is mandatory if no SOURCE DATA FIELD is
otherwise it is optional. The presence or absencg©f’a PACKET SECONDARY
R shall be signalled by the PACKET SECONDARY HEADER FLAG within the
[ IDENTIFICATION FIELD (see Paragraph3.1.2.2).

t, the PACKET SECONDARY HEADER shall consist of either

ACKET SECONDARY HEADER-DATA FIELD;

g PACKET SECONDARY HEADER TIME CODE FIELD;

a PACKET SECONDARY)HEADER TIME CODE FIELD followed by a
CKET SECONDARY HEADER DATA FIELD.

sen option shallw€main static for a specific APPLICATION PROCESS
FIER throughout)all MISSION PHASEs.

f the Secondary Header is to allow (but not require) a CCSDS-defined means
cillary.data (time, internal data field format, spacecraft position/attitude, etc.)
e Packet.
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3.2.1.1 PACKET SECONDARY HEADER TIME CODE FIELD

a. va present, the PACKET SECONDARY HEADER TIME CODE FIELD shall consist of
an integral number of octets.

b.  The PACKET SECONDARY HEADER TIME CODE FIELD shall consist of one of the
CCSDS segmented binary or unsegmented binary time codes specified in Reference [3].

The time codes defined in Reference [3] consist of an optional P-FielJl (Preamble
Field), which identifies the time code and its characteristics, and a'midnddtory T-Field
(Time Field). Examples of time codes are CCSDS Unsegmented Timeé Codeland CCSDS
Day Segmented Time Code. Examples of characteristics are-ambiguity périod, epoch,
length, and resolution.

c.  The time code selected shall be static for a given APPLIEATION PROCESS IDENTIFI-
ER throughout all MISSION PHASEs.

d.  If the characteristics of the time code choserare allowed to change for a APPLICA-
TION PROCESS IDENTIFIER, the P-FIEED shall be present.

If the characteristics are static for anwApplication Process Identifier, the coyresponding
P-Field need not be present.

e.  The presence or absence of\the P-FIELD in the PACKET SECONDARY HEADER
TIME CODE FIELD shall be static for an APPLICATION PROCESS IDENTIFIER
throughout all MISSION-PHASE:S. If present, it shall immediately precede the T-FIELD.

For services such as. drchiving, sorting, processing and correlation with other dpta sets, the
Source Sequence Count may have to be concatenated with a time field [n order to

unambiguously_identify a packet.

See also thecomment concerning time code under Paragraph 3.1.3.2.

32,02 PACKET SECONDARY HEADER DATA FIELD

a.  If present, the PACKET SECONDARY HEADER DATA FIELD shall cqnsist of an

integral number of octets.

The Data Field may contain any ancillary data necessary for the interpretation of the
information contained within the Source Data Field of the Packet. The content and the format
of this data are not specified by this Recommendation.

CCSDS 102.0-B-4 Page 3-7 November 1995

25


https://standardsiso.com/api/?name=ec2420476535d02300ff941b4dd20ec3

ISO 13419:1997(E)

CCSDS RECOMMENDATION FOR PACKET TELEMETRY

3.2.2 SOURCE DATA FIELD

a.  If present, the SOURCE DATA FIELD shall follow, without gap, either the PACKET
SECONDARY HEADER (if a PACKET SECONDARY HEADER is present) or the
PACKET DATA LENGTH FIELD (if a PACKET SECONDARY HEADER is not
present).

b.  The SO
present,| otherwise it is optional.

C. The SOURCE DATA FIELD shall contain either SOURCE DATA from an APPLICA?
TION OCESS or IDLE DATA.

d.  The length of the SOURCE DATA FIELD may be variable. It shall contain an)integral
number|of octets. See also the specifications in Sub-Section 3.1.4.
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4 [NO LONGER USED]

[This chapter defined the Source Packet Segment, which is no longer defined in this issue.]

CCSDS 102.0-B-4 Page 4-1 November 1995

27


https://standardsiso.com/api/?name=ec2420476535d02300ff941b4dd20ec3

ISO 13419:1997(E)

5

CCSDS RECOMMENDATION FOR PACKET TELEMETRY

TRANSFER FRAME

The TRANSFER FRAME shall provide the data structure for the transmission of
(1) SOURCE PACKETs,

(2) IDLE DATA, and

(3) PRIVATELY DEFINED DATA

across the downlink channel which connects the spacecraft to a data capture element on
the ground.

The starf

of the Transfer Frame is always signaled by the Attached Sync Marker (ASM),

which immediately precedes the Transfer Frame. The ASM is specified in Refer-

ence [2]

When the Transfer Frame is synchronously imbedded in a ReedtSwlomon

codeblodk, the ASM signals the start of both.

Privately)
CCSDS |

The TRA
the follo

— TR
— TR
— TR
— OP
— FR

Eng

The TRA
PHASE.

The Tele

maximun

A change
element.

Defined Data may be specialised high-rate data or other data’ not suitable for
bource Packet structuring.

NSFER FRAME shall encompass the major fields, pdsitioned contiguously, in
ving sequence:

Length in bits
ANSFER FRAME PRIMARY HEADER (mafidatory) 48
ANSFER FRAME SECONDARY HEADER “(optional) 16, 24, ... or 512
ANSFER FRAME DATA FIELD (mandatory) variable
ERATIONAL CONTROL FIELD (efptional) 32
AME ERROR CONTROL FIELD._{mandatory, if Reed-Solomon

oding is not applied, otherwise optional) 16

NSFER FRAME shall be)of constant length throughout a specific MISSION
[ts length shall be consistent with the specifications contained in Reference [2].

netry Channel Coding Blue Book (Reference [2]) issued in 1992 limits the
Transfer Frame length to 8920 bits.

of Framte Length may result in a loss of synchronisation at the data capture

All TRANSFER FRAMES with the same TRANSFER FRAME VERSION NUMBER (see

Sub-Sect

ion 5.1.1) and the same SPACECRAFT IDENTIFIER (see Paragraph 5.1.2.1)

on the same PHYSICAL CHANNEL constitute a MASTER CHANNEL.

In most c

ases the Master Channel will be identical with the Physical Channel. However,

if the Physical Channel also carries Transfer Frames with other Spacecraft Identifiers,
a distinction between Master Channel and Physical Channel is necessary; i.e.,

CCSDS 102.0-B-4 Page 5-1 November 1995
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multiplexing of Transfer Frames with different Spacecraft Identifiers will be performed
by the multiplexing of different Master Channels on the same Physical Channel.

e. A MASTER CHANNEL shall consist of between one and eight VIRTUAL CHANNELS.

Although Packet Telemetry Systems may-be designed to tolerate channel noise, full benefit
Sfrom Packet Telemetry will require that a high-quality data channel be provided so that

packetised data may be adaptively inserted into the frame. The relevant CCSDS,Récommenda-
tion, Reference [2], describes the coding mechanisms for such a channel Snclyding frame
synchronisation and randomisation.
Figure 5-1 illustrates the detailed format of the Transfer Frame.
Lﬁ TRANSFER FRAME PRIMARY HEADER "]J
TRANSF. TRANSFER FRAME MASTER | VIRTUAL
FRAME IDENTIFICATION CHANNEL|CHANNEL TRANSFER FRAME DATA FIELD STATUS
VERSION FRAME | FRAME
NO SPACE- |VIRTUAL| OPER. COUNT | COUNT | TRANSE.| SYNCH. | PACKET |SEGMENT| FIRST
CRAFT |CHANNEL|CONTRL. FRAME FLAG ORDER | LENGTH | HEADER
1D 1D FIELD SECOND. FLAG D POINTER
FLAG HEADER
FLAG
00
[€2 Bits—>¢10 Bits >3 Bits <1 Bit —» 1 Bit —>« 1 Bit —dle— 1 Bit —le 2 Bits »le11 Bits»
e 2 Octets ———>e] 00!0!*1 Octet 2 Octets
J— I
TRANSFER FRAME coNTAGL ERROR
4~ SECONDARY_HEADER ———s4——————— TRANSFER FRAME DATA FIELD —————¢" 1o e 2RFOR
(OPTIONAL) (OPT) FIELD
TRANSFER FRAME|TRANSFER FRAME OPERA- FRAME
SECONDARY- SECONDARY TIONAL ERROR
HEADER "D HEADER CONTROL | CONTROL
TRANSF,.|TRANSF. DATA FIELD FIELD
FRAME., | FRAME SPACECRAFT APPLICATION DATA DATA DATA ()
SECOND.NSECOND.
HEADER | HEADER
VERSION | LENGTH
NO
00
2 Blts>4 68 Bits—»|
t— 1 Octet ——ba— VP 0 —le Varlable »les OctotsHle-2 Octotss]
() may or may not be required; for details see specifications in the text.
Figure 5-1: Transfer Frame Format
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5.1 TRANSFER FRAME PRIMARY HEADER

a.  The TRANSFER FRAME PRIMARY HEADER is mandatory and shall consist of five
fields, positioned contiguously, in the following sequence:

Length in bits

— TRANSFER FRAME VERSION NUMBER 2

— TRANSFER FRAME IDENTIFICATION 14

— M[A'HER—GH*NNEL—FM'M‘E—GM—ﬁ_
—  VIRTUAL CHANNEL FRAME COUNT 8
— TRANSFER FRAME DATA FIELD STATUS 16

The Primary [Header covers five principal functions:

— identifidation of the data unit as a Transfer Frame;

—  identifidation of the spacecraft (and possibly of the link, if applicable), which fransmit-
ted the pelemetered data;

—  multiplgxing of the Virtual Channels into one Master Channel;

—  providing a counting mechanism for the Virtual Channels and the‘Master Channel;

—  providing pointers and other control information so that variable-length Source Packets
may be |extracted from the Transfer Frame Data Field.

5.1.1 TRANSFER FRAME VERSION NUMBER

a. The TRANSFER FRAME VERSION NUMBER shall be contained within bits 0—1 of the
TRANSFER FRAME PRIMARY HEADER.

b.  This 2-Bit field shall identify the data unit/as a TRANSFER FRAME; it shall be set to
“007’.

This Recommendation defines Version)l of the Transfer Frame. Reference [6] defines a
similar data gnit which is distinguished by a different value of the Version Number.

5.1.2 TRANSFER FRAME IDENTIFICATION FIELD

a. The TRANSFERFFRAME IDENTIFICATION FIELD shall be contained within bits 2—15
of the ANSFER FRAME PRIMARY HEADER.

b.  This 14-bitfreldshattbe sub-divided into three sub-fields as Tollows:
Length in bits
—  SPACECRAFT IDENTIFIER 10
— VIRTUAL CHANNEL IDENTIFIER 3
— OPERATIONAL CONTROL FIELD FLAG 1

This field identifies the generator of the Transfer Frame, it specifies the Virtual Channel to
which it belongs, and it provides information on the format of the Transfer Frame.
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5.1.2.1  SPACECRAFT IDENTIFIER

Bits 2-11 of the TRANSFER FRAME PRIMARY HEADER shall contain the SPACE-
CRAFT IDENTIFIER.

The SPACECRAFT IDENTIFIER is assigned by CCSDS and shall provide the
identification of the spacecraft which created the frame of data.

The SPACECRAFT IDENTIFIER shall be static throughout all MISSION [PHASEs.

pent vehicles
ata streams.
rocedures in

Different Spacecraft IDs may be assigned for normal operations and fordevelopn|
using the ground networks during pre-launch test operations, and forsimulated d
The Secretariat of the CCSDS assigns Spacecraft Identifiers according to the p
Reference [7].

5.1.2.2  VIRTUAL CHANNEL IDENTIFIER

Bits 12-14 of the TRANSFER FRAME:PRIMARY HEADER shall
VIRTUAL CHANNEL IDENTIFIER.

contain the

The VIRTUAL CHANNEL IDENTIFIER provides the identification of th
CHANNEL.

t VIRTUAL

The order of occurrence of different Virtual Channels on a Master Channel may vary.

5.1.2.3 OPERATIONAL CONTROL FIELD FLAG

Bit 15 of the) TRANSFER FRAME PRIMARY HEADER shall contain t
TIONAL\CONTROL FIELD FLAG.

he OPERA-

The " OPERATIONAL CONTROL FIELD FLAG shall indicate the presencg
of the OPERATIONAL CONTROL FIELD. It shall be “1”, if the OPERATI(
TROL FIELD is present; it shall be “0”, if the OPERATIONAL CONTRO
not present.

or absence
DNAL CON-
L FIELD is

The OPERATIONAL CONTROL FIELD FLAG shall be static either with

n a specific

CCSDS 102.0-B-4

MASTER CHANNEL or specific VIRTUAL CHANNELs throughout a MISSION

PHASE.
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5.1.3 MASTER CHANNEL FRAME COUNT FIELD

a. The MASTER CHANNEL FRAME COUNT FIELD shall be contained within bits 16-23
of the TRANSFER FRAME PRIMARY HEADER.

b.  This 8-bit field shall contain a sequential binary count (modulo 256) of each
TRANSFER FRAME transmitted within a specific MASTER CHANNEL.

c. A re—seJting of the MASTER CHANNEL FRAME COUNT before reaching 255 shall not

take pl3

The purpose

ce unless it is unavoidable.

of this field is to provide a running count of the frames which have been

transmitted through the same Master Channel.

If the Maste
completeness|

5.1.4 VIRT

Channel Frame Count is re-set due to an unavoidable re-initialisation, the
of a sequence of Transfer Frames cannot be determined.

UAL CHANNEL FRAME COUNT FIELD

a.  The VIRTUAL CHANNEL FRAME COUNT FIELD shall\be‘contained within bits 24-31
of the TRANSFER FRAME PRIMARY HEADER.

b.  This 8ibit field shall contain a sequential binary count (modulo 256) of each
TRANSFER FRAME transmitted through. a “Specific VIRTUAL CHANNEL of a
MASTER CHANNEL.

C. A re-se
not take

The purpose
eight Virtual
Transfer Frap

If the Virtual
completeness
determined.

ting of the VIRTUAL CHANNEL FRAME COUNT before reaching 255 shall
place unless it is unavoidable.

of this field is to préyvide individual accountability for each of the maximum

Channels, primarily’to enable systematic Source Packet extraction from the
ne Data Field:

Channel Frame Count is re-set due to an unavoidable re-initialisation, the
of a sequence of Transfer Frames in the related Virtual Channel can not be

CCSDS 102.0-B-4 Page 5-5 November 1995

32



https://standardsiso.com/api/?name=ec2420476535d02300ff941b4dd20ec3

ISO 13419:1997(E)

CCSDS RECOMMENDATION FOR PACKET TELEMETRY

5.1.5 TRANSFER FRAME DATA FIELD STATUS FIELD

a. The TRANSFER FRAME DATA FIELD STATUS FIELD shall be contained within bits
32-47 of the TRANSFER FRAME PRIMARY HEADER.

b.  This 16-bit field shall be sub-divided into five sub-fields as follows:
Length in bits

— TRANSFER FRAME SECONDARY HEADER FLAG 1
— SYNCHRONISATION FLAG 1
— PACKET ORDER FLAG 1
— SEGMENT LENGTH IDENTIFIER 2
—  FIRST HEADER POINTER 11

This field indicates whether a Secondary Header is present.cFurther, it provides|information
on the type of data contained in the frame and provides,“together with the Virtual Channel
Frame Count, the control information necessary to enable Source Packets to be extracted
from the Transfer Frame Data Field.

5.1.5.1 TRANSFER FRAME SECONDARY HEADER FLAG

a.  Bit 32 of the TRANSFER FRAME PRIMARY HEADER shall contain the [[RANSFER
FRAME SECONDARY HEADER FLAG.

b.  The TRANSFER FRAME-SECONDARY HEADER FLAG shall signal the|presence or
absence of the TRANSFER FRAME SECONDARY HEADER. It shall be “1”, if a
TRANSFER FRAME SECONDARY HEADER is present; it shall bg “0”, if a
TRANSFER FRAME SECONDARY HEADER is not present.

c. The TRANSFER FRAME SECONDARY HEADER FLAG shall be stafic within a
specific’MASTER CHANNEL throughout a MISSION PHASE when the TRANSFER
FRAME SECONDARY HEADER is associated with a MASTER CHANNEL.

d. ~\The TRANSFER FRAME SECONDARY HEADER FLAG shall be stafic within a
specific VIRTUAL CHANNEL throughout a MISSION PHASE when the TRANSFER
FRAME SECONDARY HEADER is associated with a VIRTUAL CHANNEL.

For the significance of the above-mentioned associations see Item 5.2.d.
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SYNCHRONISATION FLAG

of the TRANSFER FRAME PRIMARY HEADER shall contain the

SYNCHRONISATION FLAG.

The SY

NCHRONISATION FLAG shall signal the type of data which are inserted into

the TRANSFER FRAME DATA FIELD. It shall be “0”, if octet-synchronised and

forwardFordered SOURCE PACKETS or IDLE DATA are Inserted; it shail be

1 I

)

PRIVATELY DEFINED DATA are inserted.

The SY

through

Source Pack
synchronousl

Packets “spi

Packets do nd

of the first S
Header Poin

If a Project {

the Transfer

INCHRONISATION FLAG shall be static within a specific VIRTUAL CHANNEL

put a MISSION PHASE.

bt data units are normally inserted into the Transfer Frame Data Field
) on octet boundaries, one following directly after another. Generglty-the Source
I over” into the next frame for the same Virtual Channel; therefore, Source
t usually begin at the first octet of the Transfer Frame Data-I<eld. The location
burce Packet header in a particular Transfer Frame is ddentified by the First
er Field (see also comment under Paragraph 5.1.5.5).

hooses not to observe octet boundaries when placing Source Packet data into
FFrame Data Field, the data are considered tobe Privately Defined Data.

5.1.5.3 PACKET ORDER FLAG

a. Bit 34 jof the TRANSFER FRAME PRIMARY HEADER shall contain the PACKET
ORDER FLAG.

b.. If the SYNCHRONISATION_FLAG is set to “0”, the PACKET ORDER FLAG is

reserved for future use by the-CCSDS and shall be set to “0”.

1s unde

5.1.54

Bits 35

If the S)

Y NCHRONISATION FLAG is set to “17, the use of the PACKET ORDER FLAG
ined.

S?GMENT LENGTH IDENTIFIER

and 36 of the TRANSFER FRAME PRIMARY HEADER shall contain the

SEGMENT LENGTH IDENTIFIER.

If the SYNCHRONISATION FLAG is set to “0”, the SEGMENT LENGTH IDENTIFIER

shall be set to “11”.
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This Identifier was required for earlier versions of this Recommendation to allow for the use
of Source Packet Segments, which are no longer defined. Its value has been set to the value
used to denote non-use of Source Packet Segments in previous versions.

C. If the SYNCHRONISATION FLAG is set to “1”, the SEGMENT LENGTH IDENTIFIER
is undefined.

5.1.5.5  FIRST HEADER POINTER

a.  Bits 3747 of the TRANSFER FRAME PRIMARY HEADER shallcontain|the FIRST
HEADER POINTER.

b.  If the SYNCHRONISATION FLAG is set to “0”, the FIRST HEADER POINTER shall
contain information on the position of the first, SOURCE PACKET |within the
TRANSFER FRAME DATA FIELD.

c.  The locations of the octets in the TRANSFER ERAME DATA FIELD shall b¢ numbered
in ascending order. The first octet in this field is assigned the number 0. The FIRST
HEADER POINTER shall contain the binary representation of the location |of the first
octet of the first PACKET PRIMARYHEADER.

The locations of any subsequentheaders within the same Transfer Frame Data Field
will be determined by calculating these locations using the Packet Data Léngth Field
(see Sub-Section 3.1.4).

The specification covers also the following two special cases:

(1) If a first Source Packet Primary Header starts at the end of the Tranffer Frame
Data_Field within Frame N and spills over into Frame M of the same Virtual
Channel, the First Header Pointer in Frame N indicates the start of this Header.

(2)< If a Source Packet Header is split between the Frames N and M (M>NM), the First
Header Pointer in Frame M ignores the residue of the split headef and only
indicates the start of any subsequent new Source Packet Header within| Frame M.

In both cases (1) and (2) above, one or more Frames with Idle Data may occyr between
Erame N and Erame M. \/M\‘I\f)

d.  If no PACKET PRIMARY HEADER starts in the TRANSFER FRAME DATA FIELD,
the FIRST HEADER POINTER shall be set to “11111111111”.

e. If a TRANSFER FRAME contains IDLE DATA in its TRANSFER FRAME DATA
FIELD, the FIRST HEADER POINTER shall be set to “11111111110”.
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If the SYNCHRONISATION FLAG is set to “1”, the FIRST HEADER POINTER is
undefined.

TRANSFER FRAME SECONDARY HEADER

If present, the TRANSFER FRAME SECONDARY HEADER shall follow, without gap,
the T

The TRANSFER FRAME SECONDARY HEADER is optional; its presence or absence
shall b signalled by the TRANSFER FRAME SECONDARY HEADER FLAG in the
TRANS$FER FRAME PRIMARY HEADER (see Paragraph 5.1.5.1).

The TRANSFER FRAME SECONDARY HEADER shall consist of an integfal number
of octets as follows:
Length in bits
— ANSFER FRAME SECONDARY HEADER
IDENTIFICATION FIELD 8
— ANSFER FRAME SECONDARY HEADER DATA FIELD 8, 16, ... or 504

The TRANSFER FRAME SECONDARY HEADER shall®e associated with either a
MASTER CHANNEL or a VIRTUAL CHANNEL.

The asfsociation of a Secondary Header with a Master Channel allows data to be
transfefred frame-synchronously with respect to this Master Channel. See Reference
[8] forla description of the services basedon this field.

associdgted MASTER CHANNEL\or within the associated VIRTUAL CHANNEL

The T%ANSFER FRAME SECONDARY HEADER shall be of fixed length within the
throughout a MISSION PHASE,

5.2.1 TRANSFER FRAME-SECONDARY HEADER IDENTIFICATION FIELD

The TRANSFER FRAME SECONDARY HEADER IDENTIFICATION FIELD shall be
contained within bits 0-7 of the TRANSFER FRAME SECONDARY HEADER.

b. The TRANSFER FRAME SECONDARY HEADER IDENTIFICATION FIELD shall be
sub-divided into two sub-fields as follows:
Length in bits
— the TRANSFER FRAME SECONDARY HEADER
VERSION NUMBER FIELD 2
— the TRANSFER FRAME SECONDARY HEADER LENGTH FIELD 6
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