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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
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data interchange applications between agencies of the CCSDS. This International Stand

ss timing performance issues such as stability, precision, accuracy, etc.

codes are digital representations of time information. This International Standard describes

hmended time codes (one "unsegmented” and three "segmented" codes) which use the

ard second as the fundamental unit of time. An unsegmented timeicode is a pure binary

and fractional time units from a starting time called the "epoch”, A ‘segmented time code is

bunt of time units and fractional time units is accumulated in tweor more cascaded counters
lo of various bases and start from the epoch.
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irements are the technical recommendations made in the following publication (reprod
ing pages), which is adopted as an.international Standard:

DS 301.0-B-4, November 2010y.Time code formats.

ne purposes of international standardization, the modifications outlined below shall apply t
es and paragraphs of publication CCSDS 301.0-B-4.
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part is information which is relevant to the CCSDS publication only.

Revision of publication CCSDS 301.0-B-4
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bcope and field of application are furthermore detailed in~subclauses 1.2 to 1.4 of the enclgsed CCSDS

uced on the
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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 301.0-B-4. To this end, NASA will act as a liaison body between CCSDS and ISO.
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AUTHORITY
Issue: Recommended Standard, Issue 4
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Location: Washington, DC, USA

THis document has been approved for publication by the Management Council pf the
Cansultative Committee for Space Data Systems (CCSDS) and represents|the conpensus
teghnical agreement of the participating CCSDS Member Agencies. ,The procedyre for
reyiew and authorization of CCSDS documents is detailed in the Procedures Manual for the
Cansultative Committee for Space Data Systems, and the record of ‘Agency participation in
the authorization of this document can be obtained from the, CESDS Secretariat |at the
adpress below.

THis document is published and maintained by:

CCSDS Secretariat

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

NASA Headquarters

Washington, DC 20546-0001USA
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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of its members. 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 voluntary,
the results of Committee actions are termed Recommended Standards and are not
considered binding on any Agency.

This Recommended Standard is issued by, and represents the consensus of, the CCSDS
membgrs. Endorsement of this Recommendation is entirely voluntary. Endersement,
howeVer, indicates the following understandings:

0 | Whenever a member establishes a CCSDS-related standard, this standard will belin
accord with the relevant Recommended Standard. Establishing,such a standgrd
does not preclude other provisions which a member may develep:

o0 | Whenever a member establishes a CCSDS-related standard, that member will
provide other CCSDS members with the following information:

-- The standard itself.
-- The anticipated date of initial operational capability.
-- The anticipated duration of operational service.

0 | Specific service arrangements shall*be made via memoranda of agreement. Neither
this Recommended Standard nor any ensuing standard is a substitute fon a
memorandum of agreement.

No later than five years from AtS:date of issuance, this Recommended Standard will |be
reviewed by the CCSDS to détermine whether it should: (1) remain in effect without change;
(2) b4 changed to reflect the impact of new technologies, new requirements, or ngw
directions; or (3) be retired or canceled.

version of the Recommended Standard.

CCSDS 301.0-B-4 Page ii November 2010
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FOREWORD

This document is a technical Recommended Standard for time code formats and has been
prepared by the Consultative Committee for Space Data Systems (CCSDS). The set of time
code formats described in this Recommended Standard is the baseline concept for time
representation in data interchange applications that are cross-supported between Agencies of
the CCSDS.

alaalaalala aala\ViV/a NAa_Nro ala a

babis for the formats of time code data. It allows implementing organizations withip 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
plement only a subset of the optional features allowed by the Recommended Standard and
may incorporate features not addressed by this Recommended Standard.

THrough the process of normal evolution, it is expected thatZexpansion, deletion or
madification to this document may occur. This RecommendedStandard is therefore gubject
to| CCSDS document management and change control proCedures which are defined in
reference [1]. Current versions of CCSDS documents are“maintained at the CCSD$ Web
Site:

http://www.ccsds.org/

Questions relating to the contents or status'f this document should be addressed |to the
CCSDS Secretariat at the address indicated on page i.

CCSDS 301.0-B-4 Page iii November 2010
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At time of publication, the active Member and Observer Agencies of the CCSDS were:
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— Agenzia Spaziale Italiana (ASI)/Italy.

— Canadian Space Agency (CSA)/Canada.

— Centre National d’Etudes Spatiales (CNES)/France.

— China National Space Administration (CNSA)/People’s Republic of China.
— Deutsches Zentrum fir Luft- und Raumfahrt e.V. (DLR)/Germany.

— | Instituto Nacional de Pesquisas Espaciais (INPE)/Brazil.

— | Japan Aerospace Exploration Agency (JAXA)/Japan.

— | National Aeronautics and Space Administration (NASA)/USA.
— | Federal Space Agency (FSA)/Russian Federation.

— | UK Space Agency/United Kingdom.

Obseryer Agencies

— | Austrian Space Agency (ASA)/Austria.

— | Belgian Federal Science Policy Office (BFSPO)/Belgiun:

— | Central Research Institute of Machine Building (TsNIHVash)/Russian Federation.
— | China Satellite Launch and Tracking Control General, Beijing Institute of Tracking
and Telecommunications Technology (CLTC/BI TT)/China.

— | Chinese Academy of Sciences (CAS)/China.

— | Chinese Academy of Space Technology (SAST)/China.

— | Commonwealth Scientific and Industrial:*Research Organization (CSIRO)/Australia,.
—| CSIR Satellite Applications Centre (€SIR)/Republic of South Africa.

— | Danish National Space Center (DNSC)/Denmark.

— | Departamento de Ciéncia e Tecnologia Aeroespacial (DCTA)/Brazil.

— | European Organization forithe Exploitation of Meteorological Satellites
(EUMETSAT)/Europe.

— | European Telecommunications Satellite Organization (EUTELSAT)/Europe.

— | Geo-Informatics and’Space Technology Development Agency (GISTDA)/Thailand
— | Hellenic National Space Committee (HNSC)/Greece.

— | Indian Spacé-Research Organization (ISRO)/India.

— | Institute of-Space Research (IKI)/Russian Federation.

— | KFKI'Research Institute for Particle & Nuclear Physics (KFKI)/Hungary.

— | Korea Aerospace Research Institute (KARI)/Korea.

— | Ministry of Communications (MOC)/Israel.

— —National Institute of Information and Communications Technology (NTCT)/Japan.
— National Oceanic and Atmospheric Administration (NOAA)/USA.

— National Space Agency of the Republic of Kazakhstan (NSARK)/Kazakhstan.

— National Space Organization (NSPO)/Chinese Taipei.

— Naval Center for Space Technology (NCST)/USA.

— Scientific and Technological Research Council of Turkey (TUBITAK)/Turkey.

— Space and Upper Atmosphere Research Commission (SUPARCO)/Pakistan.

— Swedish Space Corporation (SSC)/Sweden.

CCSDS 301.0-B-4 Page iv November 2010
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— United States Geological Survey (USGS)/USA.
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DOCUMENT CONTROL
Document  Title Date Status
CCSDS Time Code Formats, Issue 1 January  Original issue, superseded
301.0-B-1 1987
CCSOS Time Code Formats, Issue 2 April Issue 2, superseded
301.04B-2 1990
CCSDOS Time Code Formats, Issue 3 January Issue 3, superseded
301.04B-3 2002
CCSDS Time Code Formats, Recommended  October Currentissue:
301.0B-4  Standard, Issue 4 2008 — defines a second P-Fie|d octet
for the CCSDS Unsegimented
Time Code (CUC)
— adds a new section on
security
— updates some editorial
elements
NOTH - Substantive changes from the previous issue are identified by change bars in the
inside margin.
CCSDS 301.0-B-4 Page vi November 2010

© 1SO 2011 - All rights reserved


https://standardsiso.com/api/?name=0ac6837d2601f250a1a4f3c15165d433

ISO 11104:2011(E)

CCSDS RECOMMENDATION FOR TIME CODE FORMATS

CONTENTS

Section Page
1 INTRODUCTION....coiiiiiiie sttt sttt st sbeesbe e e sreesbesneesreeeens 1-1
1.1 PURPOSE AND OVERVIEW 1-1
1.2 SCOPE ... .ottt ettt nae e e e by 1-1
1.3 CATEGORIZING OF CCSDS TIME CODE FORMATS......cccocvieneea e 1-1
1.4 APPLICABILITY ..ot B e s 1-2
1.5 BIT NUMBERING CONVENTION AND NOMENCLATURE ..s5w. e, 1-2
2 | SECURITY i sne e e (e e Db e 2-1
2.1 SECURITY BACKGROUND.......ccciiiiiiriieierie e e w21
2.2 SECURITY CONCERNS ..ot giiafn et e 2-1
2.3 POTENTIAL THREATS AND ATTACK SCENARIOS.......cccocooiiiiinieieins e 2-2
2.4 CONSEQUENCES OF NOT APPLYING SECURITY ....coceiiiiiiniiiienieieeins e 2-2
3 | TIME CODE FORMATS ...ttt B ettt w31
3.1 TIME CODE FIELDS ... et w31
3.2 CCSDS UNSEGMENTED TIME CODE (CUC) ..ccvoiiiiieiiiieieeie e e 3-2
3.3 CCSDS DAY SEGMENTED TIME CODE (CDS)....cccooveiiiienieeiesieenieeie s e 3-3
3.4 CCSDS CALENDAR SEGMENTED TIME CODE (CCS)....cccoevvneenieniennns w34
3.5 CCSDS ASCIlI CALENDAR SEGMENTED TIME CODE (ASCII)............... e 3-6
3.6 AGENCY-DEFINED'CODES .......ccocoiiieiieie e e 379
ANNEX A RANGE OF SEGMENT COUNTERS
FOR.SEGMENTED TIME CODES (Normative) ........cccccceeevriinivenienne A1
ANNEX B RATJONALE FOR TIME CODES (Informative) ..........ccocovveiivnnnnnnnn ...B-1
ANNEX C GLOSSARY OF SELECTED TIME TERMS (Informative)............... ..C-1
ANNEX D, CONVERSION BETWEEN TAI AND UTC (Informative)................. ..D-1
ANNEXE EXAMPLE OF ACCOMMODATION OF AGENCY-DEFINED
CODES (PB-5J) (INfOrmMAatiVe)........ceiiiiiiiieiiesieeiesiee e ..E-1
ARNEXTF—INFORMATNVEREFERENCES (nfermativey—rmrmmr - F-1
Table
B-1 Applicability of the Crteria........ccoooiiiiiiieiie e B-2
B-2 TIME COUE SEIVICES .....veeuieiiieitieie ettt sttt sttt sttt et reenteenee e B-3
B-3 Service Categories Of TIMe COUES.......ccuiiiiieriiie e B-4
CCSDS 301.0-B-4 Page vii November 2010

© 1SO 2011 — All rights reserved

11


https://standardsiso.com/api/?name=0ac6837d2601f250a1a4f3c15165d433

ISO 11104:2011(E)

(Blank page)

12

© 1SO 2011 - All rights reserved


https://standardsiso.com/api/?name=0ac6837d2601f250a1a4f3c15165d433

1

ISO 11104:2011(E)

CCSDS RECOMMENDATION FOR TIME CODE FORMATS

INTRODUCTION

1.1 PURPOSE AND OVERVIEW

The purpose of this Recommended Standard is to establish a small number of standardized

recommended time code formats for use in data interchange applications between Agencies of

the CCSDS. This Recommended Standard does not address timing performance issues such

as

stability, precision, accuracy, etc.

1.2

Ti
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fo

SCOPE

commended time codes are described (one ‘unsegmented’ and three #segmented’
ich use the international standard second as the fundamental unit of-time.

tarting time called the “‘epoch’.

segmented time code is one in which the count of time units and fractional time
cumulated in two or more cascaded counters which.count modulo of various bases a
m the epoch.

e four Recommended time code formats: carry both the time data (in the

ECIFICATION FIELD, or T-FIELD) andy where applicable, additional information
ME CODE PREAMBLE FIELD or P<EIELD) that uniquely identifies a specific tim
mat. The P-FIELD may be either. explicit or implicit (refer to paragraph 2.1.1).

CATEGORIZING OF€CSDS TIME CODE FORMATS

ir degrees of interpretability of the code.

Al
th

L

Le

time code devels provide for recognizing the boundaries of the time code field a
t field can be transferred, as a block, to another location.

vel:7-Complete Unambiguous Interpretation

me codes are digital representations of time information. Four standard CCSDS-

codes)

unsegmented time code is a pure binary count of time units and-fractional time unifs from

INits is
nd start

TIME
in the
b code

this Recommended Standard, four Levels of time code formats can be defined based on the

nd thus

events tagged with the code. Time comparison with other time sources utilizing Level 1 codes

can thus be made.

Recommended epochs.

These codes are the CCSDS-Recommended codes and have the

CCSDS 301.0-B-4 Page 1-1 November 2010
© 1SO 2011 — All rights reserved
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Level
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2: Partial Interpretation

Level 2 code formats have a fully self-defined structure, but support only partial
interpretation because it is necessary to obtain the epoch from an external source. Relative
nterpretation for the events tagged with Level 2 formats can be made. To make
accurate time comparisons with other time sources which use other epochs (Level 1 or Level
2), additional information must be obtained from external sources.

time i

Level

Level

monotonically increasing (possibly non-uniformly increasing) value is guarantegd except

the req
the T-

Level

Level

featurt
1.4

This |

to use
in ann
timing
Standd
applic

1.5

3: No Interpretation Except for Recognition of Increasing Time Value

3 code formats are those for which only the code length is self-defined and

ycling instant (i.e., counter rollover). For Level 3 codes, the epoch, the.time units, 3
Field structure are not self-defined.

4: No Interpretation
4 code formats are those for which only the code length is self-defined. No of

s of the code are identified.

APPLICABILITY

for any particular application. The rationale behind the design of each code is descri
ex B and may help the application-engineer to select a suitable code. Definition of
accuracy underlying a particular time code is not a function of this Recommen
ird but is the responsibility:of the authority cognizant of time performance for
hble system.

BIT NUMBERING CONVENTION AND NOMENCLATURE

In this
first b
define
When

documentj;the following convention is used to identify each bit in an N-bit field. ]
t in thefield to be transmitted (i.e., the most left justified when drawing a figure

to e ‘Bit 0’; the following bit is defined to be ‘Bit 1’ and so on up to ‘Bit Nt

a
for
nd

her

Recommended Standard contains a number of time codes designed for applicatipns
involViing data interchange in space data systems. It does not attempt to prescribe which c

pde
ped
the
ded
the

The

11

the field is used to express a binary value (such as a counter), the Most Significant

Bit

(MSB) shall be the Tirst transmitted bit of the Tield, r1.e., "Bit 0"

CCSDS 301.0-B-4 Page 1-2 November 2010
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BITO BIT N -1

N-BIT DATA FIELD

4

FIRST BIT TRANSMITTED = MSB

In|accordance with modern data communications practice, spacecraft data fields arp often
grouped into 8-bit ‘words’ which conform to the above convention, . Throughqut this
Rgcommended Standard, the following nomenclature is used to describe'this grouping:

8-BIT WORD = ‘OCTET

CCSDS 301.0-B-4 Page 1-3 November 2010
© ISO 2011 — Al rights reserved 15
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2 SECURITY
2.1 SECURITY BACKGROUND

The time code formats are expected to be used to encode time values within selected
transmitted parameters. It is also expected that these parameters may need to be protected
from undetectable corruption, and sometimes the true value of the parameter will be required
to be hidden.

THe specification of such security services is outside the scope of this document but.will be
digcussed in subsequent subsections.

Time code values may be critical to the correct operation of a spacecraft,(for example, the
expct time a maneuver burn should be accomplished), or may be non-critieal (for example, a
time tag on an image being downlinked from a spacecraft).

In[the case of transmitting critical time codes, it is expected:that integrity and pgssibly
authentication may be required. Depending on other circumstances, there may also be p need
to ensure confidentiality of the time code.

2.2 SECURITY CONCERNS

Aq previously stated, a critical time code trapsmission might need to have security services
applied for protection. Depending on the threat, the mission security policy(s), and the|desire
of|the mission planners, security services-might need to be applied to the entity carrying the
time code. If a time code is critical,df is important to ensure that it is not modified without
detection during transmission. Authentication may also be required to ensure there can be no
injection of erroneous/false time-codes, which could change the spacecraft’s knowlefige of
time.

While these security concerns are valid, they are outside the scope of this document| This
document assumes-that either upper or lower layers of the Open Systems Interconrjection
(OSI) model wil provide the security services. That is, if authenticity at the granularity of a
specific user«s. required, it is best applied at the Application layer. If less granuldrity is
required, it.could be applied at the Network or Data Link layers. If integrity is required, it
cap be applied at the Application, Network, or Data Link layer. Similarly, if confidentiglity is
required, it can be applied at the Application layer, Network layer, or Data Link layef. For

formation—regarding—the—choice—of—service—anc tmptemented (see

mote offmatio eclarciig e oice—o etV

reference [4]).

CCSDS 301.0-B-4 Page 2-1 November 2010
© ISO 2011 — Al rights reserved 17


https://standardsiso.com/api/?name=0ac6837d2601f250a1a4f3c15165d433

ISO 11104:2011(E)

18

CCSDS RECOMMENDATION FOR TIME CODE FORMATS

2.3 POTENTIAL THREATS AND ATTACK SCENARIOS

Without authentication, unauthorized time codes might be uploaded to a spacecraft, changing
the time basis. Without integrity, corrupted time codes might be uploaded to a spacecraft.
Without confidentiality, the contents of the time code might be disclosed to an unauthorized

entity.

24 CONSEQUENCES OF NOT APPLYING SECURITY

The s6

or belpw those specified in this document.

auther
spaceq

raft potentially resulting in the loss of a mission.

curity services are out of scope of this document and should be applied at layers.abqve
However, should there be a requirement for
tication and it is not implemented, unauthorized time codes might be loaded onto a

If integrity is not implemented,

erroneous time codes might be loaded onto a spacecraft, also potentially resulting in the l¢ss

of thg
transn

disclosure of sensitive or private information.

mission. If confidentiality is not implemented, time codeCar” other parametgrs
itted to or from a spacecraft might be visible to unauthorized entities resulting

n

CCSDS 301.0-B-4 Page 2-2
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3 TIME CODE FORMATS

The time code formats can be represented as a combination of a preamble field (P) and

atime

specification field (T). The P-field uniquely defines the options, parameters, and encoding
structure of the T-field and should be included whenever the recipient of the time code may
be uncertain as to the selected code. The T-field and the P-field shall each be an integral

number of octets in length.

3.1 TIME CODE FIELDS
3.1.1 PREAMBLE FIELD (P-FIELD)

The time code preamble field (P-field) may be either explicitly or implicitly conveyed.
implicitly conveyed (not present with T-field), the code is net self-identifiec
identification must be obtained by other means.

When it is explicitly conveyed the explicit representation of the' mandatory first octe
follows:

Bit Interpretation

0 Extension flag
1-3 Time code identification
4-7 Detail bits:for information on the code

The first bit (Bit 0) of the P-field is-the extension flag, used to indicate that an add
oclet is included in the P-field for time code format definition. Such an expansion N
required to accommodate new, time codes or to provide more information (for examy
the clock used). Presently,the value of this bit is “‘0’, indicating that there is not a §
octet present. If a second(octet is present, its first bit shall be an extension flag with thg
definition: ‘0’ implies it is the last octet of the P-field, ‘1’ implies another octet follows

The detailed speeifications of bits 1 to 7 are given in the following paragraphs w
depcription ofeach code. The time code identifications (bit 1 - 3) = 000, 011 and 1
regerved forfuture application.

The preamble field does not apply in the case of the ASCII time code.

Ifitis
, and

t is as

itional
nay be
le, on
econd
P Ssame

th the
11 are

3.1.2 TIME FIELD (T-FIELD)

For each code the T-field has a basic structure and optional extensions which allow increases

in resolution or ambiguity period.

CCSDS 301.0-B-4 Page 3-1 November 2010
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3.2 CCSDS UNSEGMENTED TIME CODE (CUC)
3.21 T-FIELD DESCRIPTION

The T-field consists of a selected number of contiguous octets representing an integrated
number of basic time units from a defined epoch along with an optional integer number of
octets representing the elapsed binary fraction of the basic time unit. Each octet within the T-
field represents the state of 8 consecutive bits of a binary counter, cascaded with the adjacent
counters, which rolls over at a modulo of 256, The time code represented by the T-field shall
increape monotonically without reversion.

The bpsic unit of time intended for correlation with Earth-based clocks is the second. The
basic pnit of time represented by the value of the T-Field is required to be defined in the
metadpta. The metadata also defines the epoch of the time and the number of\octets of basic
and fractional time units. This metadata can be provided by the P-field if, self-identification
is employed or by metadata external to the P-field.

The JCSDS-Recommended epoch is that of 1958 January 1 (TAl) and the recommended
time unit is the second, using TAI as reference time scale, for use as a level 1 time code. This I
time cpde is not UTC-based and leap-second corrections do.not apply.

3.2.2 | P-FIELD DESCRIPTION

Octet|1l (mandatory if P-Field is used)

Bit 0 = P-Field Extension (‘zero’: no extension; ‘one’: field is extended)
Bit1-3 = Time code identification
001 — 1958/January 1 epoch (Level 1 Time Code)
010 —~Agency-defined epoch (Level 2 Time Code)
Bit4-5 = Number of octets of the basic time unit minus one
Bit 6 - 7 _=>Number of octets of the fractional time unit

Octet |2 (optional—presence is signaled in Octet 1)

Bits 1-2 = Number of additional octets of the basic time added to that specified in
Octet 1
Bits 3-5 = Number of additional octets of the fractional time added to that specified in
Octet 1
Bits 6-7 = Reserved for mission definition
CCSDS 301.0-B-4 Page 3-2 November 2010
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3.3 CCSDS DAY SEGMENTED TIME CODE (CDS)

3.3.1 T-FIELD

For the segmented binary time code described herein, the T-field consists of a selected
number of contiguous time segments. Each segment represents the state of a binary counter,
cascaded with the adjacent counters, which rolls over at a modulo specified for each counter.

THe segmented binary day count code recommendation, designated CDS (CCSD$ Day

Segmented), is as follows:

Submilliseconds
DAY msofday | o me
SEGMENT WIDTH See bits 6-7
(bits) 16 0r 24 14— 32— T b Feld

Each segment above is a right-adjusted binary counter. The-CCSDS recommendgd day
segment is a continuous counter of days from 1958 January 1 starting with 0, buf other

Agency-defined epochs may be accommodated as a level 2‘code.

The submilliseconds segment is optional dependingzupon the resolution desired (see bjts 6-7

ofthe P-Field). Since this code is UTC-based, thé.leap second correction must be mads.

3.3.2 P-FIELD
Bits 1 - 3 = time code identification = *100’
Bit 4 = epoch identification:
‘0’ —1958 January 1 epoch (Level 1)
‘12— Agency-defined epoch (Level 2)
Bit 5 =_length of day segment:
‘0’ — 16-bit day segment
‘1’ — 24-bit day segments
Ritc A - 7 — lanath of cuibmillicacand caamant (1o racaliition):
L=4 T2 LAYl lvtll VT JUNTTITITIJUOUVUTTU u\lvlll\/llt \Il\l-, IU\JUIMLIUII/-
‘00> — submillisecond segment is absent (millisecond)
‘01" — 16-bit (microsecond)
‘10’ — 32-bit (picosecond)
‘11> — reserved for future use
CCSDS 301.0-B-4 Page 3-3
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3.4 CCSDS CALENDAR SEGMENTED TIME CODE (CCS)
341 T-FIELD

For the segmented Binary Coded Decimal (BCD) time code described herein, the T-field
consists of a variable number of contiguous time segments. Each 8-bit segment represents
two decimal digits.

Both CCS time code variations are UTC-based. The leap second correction must be made.

The ¢alendar segmented code recommendations, designated CCS (CCSDS CalenJiar
Segmeénted time code), are Level 1 time code formats and are as follows:

3.4.1.1 Month of Year/Day of Month Calendar Variation

- OPTIONAL -

YR |MoO| DOM| h|[m| s [102s|10%s (1685 [108s | 107105 [10712

SEGMENT

WIDTH (bits) 16 8 8 8188 8 8 8 8 8 8

The ygar A.D. segment (YR) requires 16 bits for.froper representation of the decimal yefar.
All other segments require 8 bits for proper representation. The month (MO) and day|of
month (DOM) segments are present when the>calendar variation flag (bit 4 of the P-field) is
set to gero.

3.4.1.2 Day of Year Calendar:\ariation

~—— OPTIONAL—/——

YR DOY h m| s [102s]|104s[106s|108s[10-10s]|10-1s

SEGMENT

f 1
WIDTH (bits) 6 6 8 8 8 8 8 8 8 8 8

This variation of the CCS time code substitutes day of year (DOY) in place of the month
(MO) and day of month (DOM) segments. The day of year segment must be 16 bits Tong (all
segments must be multiples of 8 bits). The four most significant bits of this segment are not
used and are set to zero. The day of year segment is present when the calendar variation flag
(bit 4 of the P-field) is set to a value of one. The year A.D. segment is 16 bits in length.

3.4.2 P-FIELD

Bits 1 - 3 = time code identification = 101

CCSDS 301.0-B-4 Page 3-4 November 2010
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Bit 4 = calendar variation flag:
0  — month of year/day of month variation
1 — day of year variation

Bits 5- 7 = resolution (number of optional subsecond segments):
000 — 1s
001 — 102s
010 — 1074s
011 — 106s
100 — 10-8s
101 — 10-10g
110 — 1012
111 — not used

CCSDS 301.0-B-4 Page 3-5 November 2010
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3.5 CCSDS ASCII CALENDAR SEGMENTED TIME CODE (ASCII)

3.5.1

The CCSDS ASCII segmented

T-FIELD

characters forming the T-field.

time code is composed of a variable number of ASCII

Both ASCII time code variations are UTC-based and leap second corrections must be made.

nnnnnnnn ad 1o tntandad ta maatalh Al 4 neana  Thavrafara thn AnaAsh talecan

The tim
be the

The A

3.5.1.1

The fa

where

The hy
that al

IIC IU'JICJCIII.UU o IIILCIIUCU |AVARERIolaw | \;IVII LIIIIC UJU.UC Frriererure, uie CPU\;II IJ LUNCTT

usual Gregorian calendar epoch of 1 AD, and the time is that of the prime meridian:

SCII time code recommendations are Level 1 time code formats.

ASCII TIME CODE A, Month/Day of Month Calendar Variation:

rmat for ASCII Time Code A is as follows:

YYYY-MM-DDThh:mm:ss.d—dZ

each character is an ASCII character using one octet with the following meanings:

phen (-), colon (2), letter “T” and period (.) are used as specific subfield separators, 3
subfieldsymust include leading zeros.

As mtny ‘d’ characters to the right of the period as required may be used to obtain {
requirged-precision.

YYYY = Year in four-character subfield with values 0001-9999
MM = Month in two-characterssubfield with values 01-12
DD = Day of month in two-character subfield with values 01-
-29, -30, or -31
T = Calendar-Time'separator
hh = Hour in twe-¢character subfield with values 00-23
mm = Minute in,two-character subfield with values 00-59
SS = Second- in two-character subfield with values 00-
(58 0r -60 during leap seconds)
d—d = Decimal fraction of second in one- to n-character subfi¢
where each d has values 0-9
Z = time code terminator (optional)

to

P8,

59

D

d

d

>

he

An optional terminator consisting of the ASCII character ‘Z’ may be placed at the end of the
time code.

EXAMPLE: 1988-01-18T17:20:43.123456Z
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3.5.1.2 ASCII TIME CODE B, Year/Day of Year Calendar Variation:
The format for ASCII Time Code B is as follows:

YYYY-DDDThh:mm:ss.d—dZ

where each character is an ASCII character using one octet with the following meanings:

TH
tha

A9

required precision.

ATl
tin

E>

3.8

w
de

YYYY = Year in four-character subfield with values 0001-9999
DDD = Day of year in three-character subfield with values 001-365,01] -366
T = Calendar-Time separator
hh = Hour in two-character subfield with values 00-23
mm = Minute in two-character subfield with values 00-59
SS = Second in two-character subfield with™ values [00-59
(-58 or -60 during leap seconds)
d—d = Decimal fraction of second in one<-to n-character subfield
where each d has values 0-9
Z = time code terminator (optional)

e hyphen (-), colon (:), letter * T* and period (.) are used<as specific subfield separato
it all subfields must include leading zeros.

many ‘d’ characters to the right of the periad as required may be used to obtg

optional terminator consisting of the<ASCII character ‘Z’ may be placed at the end
ne code.

(AMPLE: 1988-018T17:20:43.123456Z

.1.3 SUBSETS ORTHE COMPLETE TIME CODES:

hen it is desirede use SUBSETS of each of the TWO ASCII time code format var
scribed above, the following rules must be observed:

a) The ‘calendar’ subset (all subfields to the left of the *T’) and the ‘time’ subg
subfields to the right of the *T’) may be used independently as separate ‘calen
‘time’ formats, provided the context in which each subset is used mak

rs, and

in the

of the

ations

et (all
Har’ or
es its

odarnratodi o t ool o
IIILCI[JICLC‘.LIUII UIIQIIIUIQUUUO.

b) When calendar or time subsets are used alone, the ‘T’ separator is omitted.

c) Calendar or time subsets may contain all the defined subfields, or may be abbreviated

to the span of interest by deleting the unneeded subfields, either on the left or

on the

right. However, when subfields are deleted on the LEFT, all separators that had
delimited the deleted subfields must be retained (except for the “T” which, by rule b,

CCSDS 301.0-B-4 Page 3-7 November 2010
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is dropped if the subset is used alone.) When subfields are deleted on the RIGHT, the

separators that had delimited the deleted subfields are dropped.

Subsets may NOT consist of partial subfields (e.g., must use ‘ss’, not ‘s’).

In

particular, consistent use of the complete four-character YYYY subfield is required

(e.g., “1989’ instead of ‘89’) because of the need to accommodate the upcomi

ng

century rollover in only 11 years. It should be noted, however, that each fractional

second (“d’ character) is considered to be a complete subfield, and so any number
fractional seconds may be used.

of

3.5.2

There
implig

If calendar and time SUBSETS are then brought together to form a single timé-cg
format (joined with the ‘T’ separator) the CALENDAR subset may NOT have bg
truncated from the RIGHT, and the TIME subset may NOT have been truncated fr
the LEFT. That is, the format must be integral around the “T’.

Standardization on the use of these time code formats for purposes OTHER th
identifying an instant of calendar or time in UTC (e.g., uncenventional use ag
counter or tool for measuring arbitrary intervals) is not recommended. It is felt suc
specialized application can best be viewed not as a time-¢Code format but rather as
engineering measurement format. Any such application of these time code formatg
considered beyond the scope of this Recommended Standard.

P-FIELD

is no P-field identifying the ASCII Time Code Formats. The P-field information
it in the parsing of the ASCII time cade.

de
en
DM

an
a
N a
an
is

S
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3.6 AGENCY-DEFINED CODES

These codes are not CCSDS-Recommended, but the presence of a P-field may allow a
limited level of service.

3.6.1 T-FIELD

These octets together can be considered a binary number. If that number™ingreases
maonotonically with time (except at a recycle time), the code is a Level 3 code; it not,|it is a
Level 4 code.

F;]:’ the TiIme COJEeS OeSCribed nerein, the T-Tield consIStS of a variable numper ol pctets.

THe time code Levels are defined in 1.3.

The length of that T-field is indicated by the P-field.

3.6.2 P-FIELD

Bitl-3

time code identification

110 — Level 3 or 4 Agency-defined code

Bit4-7 T-field length [(number of octets of time) minus onel]

1 The value in this field may be variable and shall be in the range of 0 to 15, corresponding to 1 to 16 octets.

CCSDS 301.0-B-4 Page 3-9 November 2010
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ANNEX A
RANGE OF SEGMENT COUNTERS
FOR SEGMENTED TIME CODES

(NORMATIVE)

Purpose:

THhis annex specifies the range of the counters defined in the Recommended segmented |codes.

CCSDS 301.0-B-4 Page A-1 November 2010
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RANGE OF TIME CODE SEGMENT COUNTERS

Segment Identification Range of Counter
Microsecond-of-millisecond 0 to 999
Millisecond-of-day 0 to 86,399,999

(0 to 86,400,999 or 86,398,999
when leap second adjustments
are introduced)

Second-of-minute 0to 59

(0 to 60 or 58 when leap second
adjustmentszare introduced)

Minute-of-hour 0 to 59

Hour-of-day 0:to23

Day 0to (216-1), or0to (224-1)
Day-of-month 1to 31 for month 1,3,5,7,8,10,12

1to 30 for month 4,6,9,11
1to 28 for month 2 (1 to 29 for
leap years)*

Day-of-year 1 to 365 (366 for leap years)*
Month-of-year 1to 12
Year 1 to 9999

*

Leap year: every year divisible by 4, except for the years divisible by 100 and not divisible by 400.

CCSDS 301.0-B-4 Page A-2 November 2010
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ANNEX B
RATIONALE FOR TIME CODES
(INFORMATIVE)

Purpose:

THis annex presents the rationale behind the design of each code. It may help the appl{cation
enpineer to select a suitable code.

>
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Bl GENERAL

Instrument data acquired from spacecraft have little value unless it is possible to recreate the
significant environment of the instrument during the measurement collection phase. Such
ancillary data parameters as time, position, velocity, attitude, instrument temperature,
concurrent ground truth measurements and many other parameters may be essential for the

proper interpretation of the instrument data. Of these ancillary data parameters, the time of

1) In many cases, the instrument analysis can be based, nearly exclusively; on the
sampled sensor time series.

2) Time provides the most efficient and often the only possible linkage betwden
instrument data and externally generated ancillary parameters:-~ Two independgnt
measurement processes, each correlated with time, can ‘then be correlated wjith
each other.

Howeyer, the resulting proliferation of slightly different codestis not desirable. The selection
of ong particular code will depend on the chosen eptimization criteria in the given
applicption. For example, table B-1 compares the fourdRecommended codes in terms of the
three gelection criteria identified by the CCSDS:
- UTC compatible . Permits unambiguous representation of leap seconds
- Computer efficient : Fewersegments improves data handling and processing
- Human readable .. Easily readable code corresponding to widely used ciyil
time representation
Table B-1: Applicability of the Criteria
S(Segmented) uTC Computer Human
Time Code U-(Unsegmented) Compatible Efficient Readable
qucC U No Yes No
¢DS S Yes Yes No
CS S YES NO YES
ASCII S Yes No Yes
CCSDS 301.0-B-4 Page B-2 November 2010
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B2 SERVICE RELATED TO THE DIFFERENT LEVELS OF TIME CODE

FO

RMATS

The different Levels of the time codes have been distinguished by the self-interpretability of

the codes

All time code Levels provide for recognizing the boundaries of the time code field and thus

can transfer that field, as a block, to another location.

THe different services which can be achieved without special arrangements betweenrusgers of

the CCSDS time codes are:

Table B-2 shows how these three services can be related to the time code Levels.

Absolute time interpretation: time comparison and differencing for-events based on
separate time sources, with all sources having the same CCSDS-Recomnjended

epoch.

Relative time interpretation: time comparison and differencing for events based on

the same time source, with the source having a known, Agency-defined epoch

Ordering of events time-tagged from a single source.

Table B-3 shows the different time code format identifications in the P-field, and the
asgociated time code Levels.

Table B-2: Time Code Services

ISO 11104:2011(E)
CCSDS RECOMMENDATION FOR TIME CODE FORMATS

Absolute Time Relative Time
Level Interpretation Interpretation Ordering

CUC Level 1 Y Y Y
CUC Level 2 N Y Y
CDS Levell Y Y Y
CDS devel 2 N Y Y
CCS- Level 1 Y Y Y
Level 3 N N Y

Level 4 N N N

ASCII Y

CCSDS 301.0-B-4 Page B-3 November 2010
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Table B-3: Service Categories of Time Codes

Format Identification

Time Code Name P-field — (Bits 1-3) Time Code Category
Reserved 000 -
cucC 001 Level 1
CuUC 010 Level 2
Reserved 011 -
CDS 100 Level 1 or 2
CCS 101 Level T
Agency-Defined 110 Level 3or4
Reserved 111 -
ASCII None Level 1 or3

B3 DISCUSSION OF RECOMMENDED CODES

All the Recommended time code lengths are an-integer number of octets. This helps|to
optimize the computer processing of these codes and allows the use of high level languages.

The range of all segment counters (especially for leap year and leap second) is shown|in

annex|A.

B3.1 | CCSDS UNSEGMENTED (CUC)

segmented binary time code is particularly suited to computer applications which
e arithmetic computation of time differences. Since the unsegmented format i3 a

The cgde alfows for both absolute time (TAI scale) and time measured relative to an Agengy-
definedepoch. Various allowed truncations of the code make it bit-efficient. The attributes
of thi itsui fcati

B3.2 CCSDS DAY SEGMENTED (CDS)

Most terrestrial time measurements are made using the UTC time scale. Usually, spacecraft
instrument events are ultimately time-tagged with UTC because the events have to be
correlated with other phenomena. This time code is based on UTC. Since UTC contains

CCSDS 301.0-B-4 Page B-4 November 2010
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discontinuities at the instant of leap second correction, the unsegmented binary code cannot
be used to represent UTC.

The CCSDS Day Segmented code (CDS) consists in its simplest form of two binary counters,
one counting days from a defined epoch and the other counting milliseconds of day. The
code retains attributes similar to the unsegmented binary code in being oriented toward
arithmetic operations by computers. The choice of millisecond unit results in an optimum

use of 4 octets (28 bits used) and also provides the resolution necessary for most time
CO’anITQTian

EXtended microsecond precision is provided by allowing one optional additional, segment.
Prpvision has been made in the P-field to accommodate, in the future, greater resofutior).

CCSDS recommends the epoch 1958 January 1 (Julian date 2436203.5), the epoch of the TAI
time scale. An Agency-defined epoch is also allowed (such as 1950 January 1) The
difference between the epochs 1958 January 1 and 1950 January 14s,exactly 2922.0 dpys on
the Julian date calendar.

THhe optional 24-bit length of the day segment is included. for special applications sfich as
Agtronomy. CDS is the most ‘machine friendly’ of the UTC codes and is therefore
pafticularly suitable for use in computer-to-computer €cemmunication requiring very frgquent,
vely fast automated time interpretation and processifg.

B3.3 CCSDS CALENDAR SEGMENTED (CCS)

Inlhuman interactions, UTC is frequently expressed in a segmented form consisting of{ years,
maonths, days, hours, minutes, seconds and decimal fractions of seconds. UTC is also
expressed in a segmented form.consisting of years, days of year, hours, minutes, seconfs and
depimal fractions of seconds. The CCSDS Calendar Segmented (CCS) codes| (both
vafiations) are oriented towards representing these segments directly in binary coded decimal
(BICD) format for ease ©f human reading and interpretation.

CCS is useful for-applications where all or part of the code is to be frequently interprgted by
humans, for example, when frequently converting to character form for display pufposes.
However, €CS is not as efficient as CDS for arithmetic operations.

B3.40 CCSDS ASCII

While binary or BCD-based time code formats are computer efficient and minimize overhead
on uplinked/downlinked data streams, there are many ground-segment applications for which
an ASCII character-based time code is more appropriate. For example, when files or data
objects are created using text editors or word processors, ASCII character-based time code
format representations are necessary. They are also useful in transferring text files between
heterogeneous computing systems, because the ASCII character set is nearly universally used
and is interpretable by all popular systems. In addition, direct humanly readable dumps of
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text files or objects to displays or printers are possible without preprocessing. The penalty for
this convenience is inefficiency.

The two ASCII time code variations (A, day of month, and B, day of year) include the most
widely used human-readable presentations. Both variations are subsets of 1SO 8601
(reference [2]).

CCSDS 301.0-B-4 Page B-6 November 2010
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ANNEX C
GLOSSARY OF SELECTED TIME TERMS
(INFORMATIVE)

Purpose:

THis annex presents definitions of a number of fime-related terms used in the Recomnjended
Standard or useful in understanding the text -of the Recommended Standard. Definitigns are
defived from ITU-R TF.686-2 (reference [3]).

CCSDS 301.0-B-4 Page C-1 November 2010
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ACCURACY:

Closeness of the agreement between the result of a measurement and a true value of the
measurand. Accuracy is generally characterized by the overall uncertainty of a measured
value. (See also ‘uncertainty’.)

AMBIGUITY PERTOD:

The interval between successive recurrences of the same time code.

ASCI|:

A coded set of alphanumeric and control characters used for information interchange. Tjhe
coded|character set used to form the ASCII time codes defined in 3,5is described in detaill in
Interngtional Standard 1SO 8859-1 (reference [3]).

ATOMIC TIME SCALE:

A time scale based on atomic or molecular resonance-phenomena. Elapsed time is measuied
by coynting cycles of a frequency locked to an atamic or molecular transition.

COORDINATED UNIVERSAL TIME-(UTC):

The time scale maintained by the Bureau International des Poids et Mesures (BIPM) and the
Interngtional Earth Rotation and-Reference Systems Service (IERS), which forms the basis|of
a coorginated dissemination af standard frequencies and time signals.

It corresponds exactly ir-rate with TAI, but differs from it by an integer number of secongs.
The UTC scale is adjusted by the insertion or deletion of seconds (positive or negative lgap
secondls) to ensurecapproximate agreement with UT1. (See ‘universal time’.)
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DATE:

The reading of a specified time scale, usually a calendar.

NOTE - The date can be conventionally expressed in years, months, days, hours, minutes,

seconds and fractions thereof.

DTAI:

TH
D"

Dl

Th
Dy
to
Rs

EF

AT
us

ap
tuf

EF

Th

€]

M
as
us
Ca

e value of the difference TAI — UTC, as disseminated with time signals is denoted
[Al = TAI [T ] UTC may be regarded as a correction to be added to UTC to opfain T|

JT1:

e value of the predicted difference UT1 — UTC, as disseminated_with the time s

UT1. The values of DUT1 are given by the International (Earth Rotation Servi
ference Systems (IERS) in multiples of 0.1 s. (See “universal time’.)

PHEMERIS TIME:

astronomical time scale based on the orbital motion of the Earth around the sun.
pd to define the SI second between 1960 and* 1967, and continued in use for astron
blications until 1977 when it was replaced by Terrestrial Dynamical Time (TDT). T
n was replaced by Terrestrial Time (TT)'in 1991.

POCH:

e beginning of an era (or‘event) or the reference date of a system of measurements.

REENWICH MEAN TIME (GMT):

ban solar time-as it was measured at the Royal Observatory, Greenwich. GMT was a
the world’sfirst global time scale in 1884. However, while the term remains in p
hge, GMIT is no longer maintained and has been replaced by Universal Time (U]
ordinated Universal Time (UTC) for precise applications.

DTAL
AL

gnals.

UT1 may be regarded as a correction to be added to UTC to obtain a better approximation

te and

It was
pmical
DT in

jopted
opular
[) and

INTERNATIONAL ATOMIC TIME (TAI):

The time scale established and maintained by the BIPM on the basis of data from atomic clocks
operating in a number of establishments around the world. Its epoch was set so that TAI was in
approximate agreement with UT1 on 1 January 1958. The rate of TAI is explicitly related to the
definition of the SI second that is defined as the duration of 9,192,631,770 periods of the
radiation corresponding to the transition between two hyperfine levels of the ground state of the
caesium-133 atom. (Also see ‘second’, ‘universal time’ and ‘UT1’.)
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CCSDS RECOMMENDATION FOR TIME CODE FORMATS

JULIAN DATE:

The Julian day number followed by the fraction of the day elapsed since the preceding noon

(12 ho

urs UT).

Example: The date 1900 January 0.5 UT corresponds to JD = 2415020.0.

JULIAN DAY NUMBER:

A nun
onll]

LEAR

ber of a specific day from a continuous day count having an initial origin of 12 hours-
inuary 4713 BC, Julian Calendar (start of Julian Day zero).

Fxample: The day extending from 1900 January 0.5 d UT to 1900 January-1.5 d UT
the number 2,415,020.

SECOND

An infentional time step of one second used to adjust Coordinated Universal Time (UTC)

ensureg
and a
associ
(referg

MOD
Julian

NOTH

approximate agreement with UT1. An inserted secondis called positive leap seco
n omitted second is called negative leap second..’A" description of the procedu

nce [6]). (See also ‘coordinated universal time*-*universal time’, and ‘UT1’).

|FIED JULIAN DATE (MJD):
Date less 2,400,000.5 days.

— Other modifications of.the Julian date can be created by using other constan
for example:

(1) The constant 2,436,203.5 days, which occurs on 1958 January 1, gives {
origin~of TAI, recognized as the epoch of both the CCSDS Unsegment
Cade (CUC) and the CCSDS Day Segmented Code (CDS).

of the Truncated Julian Date (TJD) time scale used in the NASA PB

as

to
nd,
res

hted with UTC, including leap seconds, is givenzin Recommendation ITU-R TF.460

ts;

he
ed

(2))" The constant 2,440,000.5, which occurs on 1968 May 24.0 gives the origin

5J

time code (see annex E).

NETWORK TIME PROTOCOL (NTP):

The Network Time Protocol (NTP) is used to synchronize the time of a computer client or
server to another server or reference time source, such as a terrestrial or satellite broadcast
service or modem. NTP provides distributed time accuracies on the order of one millisecond
on LANs and tens of milliseconds on WANs. NTP is widely used over the Internet to
synchronize computer clocks to national time references
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