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1. INTRODUCTION // L &Iz

1.1. PURPOSE/ BH#

This document is a part of the Standard of
Communications and Data-Handling Architecture
(SCDHA) [A1]. This part specifies the framework
for Time Management for spacecrafts and spacecraft
operation systems.

This part introduces some concepts beyond the
CCSDS recommendations.

The SCDHA specifies the standard framework for

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

enhance their reliability.

1.2. SCOPE // &

This document specifies the framework for Time
Management for spacecrafts and spacecraft
operation systems.

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

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

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

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

1.4.1.

[AT]

[A2]

[A3]
[A4]
[A5]
[A6]

[A7]
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1.5. STRUCTURE OF THIS DOCUMENT // XZ#k

This document is organized as follows.

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

Chapter 2 presents an overview of the architecture.

Chapter 3 specifies the core part of the framework
of Time Management.

Chapter 4 presents the methods to specify the
project-specific ~ selection  result of  the

parameters/options of the Time Management.

Appendix A lists the acronyms used in this
document.

Appendix B gives an example of the project-specific
selection result of parameters/options of the Time
Management, using a sample project.

AREZFRDBEYEKT %o
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ERCE

Appendix A [, AETHWAIREZTY .

Appendix B (&, ¥ > FILD project #FLY, Time
Management /85 A —4 /A T 3 2D project
BRGEREROHZTY,
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1.6. DEFINITIONS AND NOTATIONS // &R UFRDE

1.6.1.  Terms defined in the SCDHA Part 1/ SCDHA Part 1 TEZ S h b AE

This document adopts the following terms defined
in “Standard of Communications and Data-
Handling Architecture, Part 1: General (SCDHA1)”
[A1]:

managed parameter,

Node, and

space science project (or simply project).

RKETIE.
Data-Handling Architecture, Part 1: General
(SCDHAL)" [Al] TERSINDIROAELER
ERR

“Standard of Communications and

managed parameter
Node

space science project (F f=[XBIZ project)

1.6.2.  Terms defined in the Spacecraft Monitor and Control Protocol
Spacecraft Monitor and Control Protocol TE& SN 5

This document adopts the following terms defined
in the Spacecraft Monitor and Control Protocol

A ZE Tl&. Spacecraft Monitor and Control Protocol
(SMCP) [A2] TEESNDSAIRORAZZEZHERT

(SMCP) [A2]:

Attribute ID,

Attribute Sequence,

Controller,

Functional Object Identifier (FOID),

Monitors,

SMCP Message (or simply Message),

Message Time,

Target, and

VALUE Telemetry Message.

This document refers to the following fields in the
VALUE Telemetry Message:

Time Code field,

Attribute Values field, and

Attachment field.

éo

Attribute ID

Attribute Sequence

Controller

Functional Object Identifier (FOID)

Monitors

SMCP Message (F fz[FBIZ Message)

Message Time

Target

VALUE Telemetry Message

AZE(L. VALUE Telemetry Message DRD 7 «
—ILFESRT B,

Time Code 7 4 —JL

Attribute Values 7 4 —JL F

Attachment 7 4 —JL K
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1.6.3.  Terms defined in the Space Packet Protocol // Space Packet Protocol TEEE S 5 FfE

This document adopts the following terms defined ARETIX. Space Packet Protocol [A3] TEZES
in the Space Packet Protocol [A3]: NEZROAZEZERT %,

Application Process Identifier (APID), Application Process Identifier (APID)

Mission Phase, and Mission Phase

Space Packet. Space Packet

1.6.4.  Terms defined in the AOS Space Data Link Protocol
AOS Space Data Link Protocol TEZ N S HEE

This document adopts the following terms defined ARETIX. AOS Space Data Link Protocol [A4] T

in the AOS Space Data Link Protocol [A4]: EEINDIROMBEZERT %,

AOS Transfer Frame (or simply Transfer Frame), AOS Transfer Frame (& f= [X B [T Transfer
Frame)

Virtual Channel Frame Count, and

. . Virtual Channel Frame Count
Virtual Channel Identifier (VCID).

Virtual Channel Identifier (VCID)

This document refers to the following fields in an ARE(EL. AOS Transfer Frame DRD T 4 —)L F
AQOS Transfer Frame: *5HBT 5,
Transfer Frame Data field. Transfer Frame Data 7 4 —JL K

1.6.5.  Terms defined in the TM Synchronization and Channel Coding
TM Synchronization and Channel Coding CEZ N5 HE

This document adopts the following terms defined A £ TIX. TM Synchronization and Channel
in the TM Synchronization and Channel Coding Coding [A6] TEEZEINIRDAZBE=HERT
[A6]: %,

Attached Sync Marker. Attached Sync Marker

1.6.6. Terms defined in JERG-2-432
SpaceWire &z VR— FH TRy FO—V BRHRETEBShIAE

This document adopts the following terms defined AETIK. AoR—FH TRy bT—U%EHE
in JERG-2-432 [AT7]: # [A7] TERSNDHIROAELZHERT %,
SpaceWire TimeCode. SpaceWire TimeCode
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1.6.7.  Terms defined in the SCDHA Part 2 // SCDHA Part 2 TEZHE = h 3 HE

This document adopts the following terms defined
in “Standard of Communications and Data-
Handling Architecture, Part 2: End-to-End Protocol
Architecture (SCDHA2)” [R1]:

blocking,

Packet Time, and

segmenting.

AZETIl&. “Standard of Communications and Data-
Handling Architecture, Part 2: End-to-End Protocol

Architecture (SCDHA2)” [R1] TEZEINDHRD
REZERAT 5,
blocking

Packet Time

segmenting

1.6.8.  Terms defined in the Time Code Formats // Time Code Formats TE&E =N 5 fAih

This document adopts the following terms defined
in the Time Code Formats [AS]:

CCSDS Unsegmented Code (CUC),

epoch,

TAI (International Atomic Time),

Time Code, and

unsegmented time code.

This document refers to the following fields in the
CCSDS Unsegmented Code:

P-field (Octet 1 and Octet 2), and

T-field.

AETIX. Time Code Formats [A5] TEZN
DROBZBERRAT 5

CCSDS Unsegmented Code (CUC)

epoch

TAI (International Atomic Time)

Time Code

unsegmented time code

AZE[E. CCSDS Unsegmented Code MRD 7 4
_)l/ I:E;’}Eﬁ—a—%o

P-field (Octet 1 KU Octet 2)

T-field

1.6.9.  Terms defined in the Space Link Extension — Return All Frames Service Specification
Space Link Extension — Return All Frames Service Specification TE#&x s 5 S

This document adopts the following terms defined
in “Space Link Extension — Return All Frames
Service Specification” [R6]:

Earth Receive Time.

AETIE. “Space Link Extension — Return All
Frames Service Specification” [R6] TEZIND
RORAFBEEZHEAT S,

Earth Receive Time
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1.6.10. Terms defined in the Functional Model of Spacecrafts
Functional Model of Spacecrafts CEZ N5 HE

This document adopts the following terms defined
in “Functional Model of Spacecrafts (FMS)” [R7]:

Attribute,
Operation, and

Functional Object.

A E TIE. “Functional Model of Spacecrafts
(FMS)” [R7] TERINDSROAFEZHRAT
5

Attribute

Operation

Functional Object

1.6.11. Terms defined in this document / RETEHE S HE

The following definitions are used throughout this
document.

absolute time: (see Section 3.1)
Time which is measured by a clock and can be
converted to TAI without any calibration.

Calibration Scheme (calibrate): (see Chapter 5)
Operation to establish the relation between time
values indicated by a clock in the Uncorrected
clock-mode with those by a clock in the Corrected
clock-mode.

Coarse Time: (see Section 3.1)
Integer part of time in units of seconds (seconds).

Fine Time: (see Section 3.1)

Fractional part of time in seconds (subsecond, i.e. in
the range of 0 to 1 second) expressed by an integer
in units of fractions of a second (e.g. 1/256 seconds,
1/1000 seconds).

[Note] The units of the Fractional Time field in the
CCSDS Unsegmented Code (CUC), which is
specified in [A5] and holds a value of Fine Time,
are limited to a set of numbers of 1 second divided
by a power of 2.

Marker Transmission Time (MTT): (see Section
5.2)

Time at which the first bit of the Attached Sync
Marker attached to a Reference Transfer Frame is
transmitted.

FEFIRDEEZRAL S,

absolute time: (3.1 IS 8)
FrEt CEHAIS O RIE (BRIE) T 5 FHELIC TAI
[ZEHTE S0

Calibration Scheme (calibrate 9 3): (5 ES )
Uncorrected clock-mode O B &t AR 9 B ZI{E
% . Corrected clock-mode M BFETDEEZIE & %R
DIt Bi1R1E

Coarse Time: (3.1 THZ )
PEMTRLUE-FHZIOEKE 7))

Fine Time: (3.1 IS MR)
MTRLUEBZONEE (HT#, 2FVY 0~
1 POEE) ZEBHHD 1 FOERL (1256 F.
1/1000 #2%) DEH TR LB

[E] [AS] DYE®. Fine Time DIEFRIFT S
5HMDTHSH CCSDS Unsegmented Code (CUC)
@ Fractional Time 7 1 —JL RI&, 2 DREFEH
DIOEMDAHATHSB,

Marker Transmission Time (MTT): (5.2 B
)

Reference Transfer Frame [Z{+& L = Attached
Sync Marker DE\RFDE v b ZEET HE5%]



Onboard Subnetwork Time Code: (see Section
34.1)

Time Code used in the distribution of a Spacecraft
Time in onboard subnetwork.

Primary Clock: (see Section 3.2)

The clock aboard a spacecraft, from which the
indicated time value is copied into the other clocks
aboard the spacecraft.

Primary Clock Functional Object: (see Section
3.2)

Functional Object which has the functions of the
Primary Clock.

Reference Transfer Frame: (see Section 5.2)
Telemetry Transfer Frame whose transfer timing is
measured for time calibration.

relative time: (see Section 3.1)
Elapsed time, time difference.

Spacecraft Time: (see Section 3.1)
The master time, i.e. the reference time, in a
spacecraft.

Supplementary Counter: (see Section 3.2)
A time counter which measures Fine Time (i.e.
subsecond, whose value is between 0 and 1 second).

Synchronization Scheme (synchronize): (see
Section 2.3)

Time management scheme for synchronizing time
value from the Primary Clock to Synchronized
Clocks.

Synchronized Clock: (see Section 2.3)
An onboard clock which maintains the same time
value with the Primary Clock.

Discreate Time Adjustment Scheme (adjust):
(see Section 6.2)

Time management scheme for one-time copying of
a time value from the Primary Clock to a
Synchronized Clock.

Time Frame: (see Section 5.2.1)
An AOS Transfer Frame which holds the measured
value of an MTT.

TIME Message: (see Section 5.2.1)
A VALUE Telemetry Message which holds the
measured value of an MTT.
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Onboard Subnetwork Time Code: (3.4.1 IS
)

BERHY IRy bT—UI(281+5 Spacecraft
Time B{E TRALYS Time Code

Primary Clock: (3.2 IESHR)
BEICEB ORI CRYRZIEN. ZORE(C
BHOMOBIIZOE—3N5,)

Primary Clock Functional Object: (3.2 £8)
Primary Clock MD#8E % ¥ Functional Object

Reference Transfer Frame: (5.2 IS HR)
BZIREDT®., EHI A S U IDEBIEND
T L A k') Transfer Frame

relative time: (3.1 IES M)
#FdEErfE. Bzl EBRoED

Spacecraft Time: (3.1 IS R)
BELEOTR L. DFUEERZ

Supplementary Counter: (3.2 Z8)
Fine Time (7#., DFY 0~1 R O&EHH) %
HRlYARRIAT A

Synchronization Scheme (synchronize 3 %): (2.3
BHER)

Primary Clock % Synchronized Clocks IZE#i &
B A5RZEEDAE

Synchronized Clock: (2.3 IBES )
Primary Clock &R CHRZlIEZF OB ERBEH R
&t

Discreate Time Adjustment Scheme (adjust 9
%): (6.2 THSHR)

Primary Clock /5 Synchronized Clock ~O) R
ZMEZEETIE—T HRAZEEDH X

Time Frame: (5.2.1 IS R)
MTT DEHANE ZR¥EF 9 5 AOS Transfer Frame

TIME Message: (5.2.1 IES )
MTT DFAEZRET S VALUE Telemetry

Message



1.6.12. Notations // FREC

The following notations are used throughout this
document.

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

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

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

2

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

specification.
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1.7. VERBAL FORMS // &REHERX

The following conventions apply throughout this
document.

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

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

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

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

e) the words ‘is’,
of fact.

‘are’, and ‘will” imply statements

The words ‘shall’, ‘should’, ‘may’ are highlighted
in red and bold font.

11
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[F] AETE. ERFEZEFHICRELY
FTIVKSIZT, EX®D ‘shall DEREEFELE LT,
FCE1ZFERALTLS, BT, ‘shall DFREE
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LT, TR EVWSHTFZFEALTWS,
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LML,

FA,B, RUClI EVWSREBIX. EXD “A, B,
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When a translation into Japanese is provided, the
original English version and its Japanese translation
are given in the left and right sides, respectively, in
principle, as in this paragraph. In some cases, e.g.
titles of sections and captions of figures/tables, the
English and Japanese versions are put in a single line
separated by “//” in this order (“English //
Japanese”) or in separate lines with no delimiter in
between ( “English [Line-Break] Japanese” ).

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

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

widely used technical terms.

12
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COEEDLSIC, BELFEMAICRL, AKX
BERAIICTT, £z, EORERODZ A ML
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1.8. CONVENTIONS // i8I

In this document, the following conventions are
used to identify each bit in an N-bit field. The first
bit in the field to be transmitted (i.e., the leftmost
part in associated diagrams, if given) is defined as
‘Bit 0°, the next bit is defined as ‘Bit 1°, and so on
up to ‘Bit N-1".
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AETIE, Nbit DT4—ILFDBEY F&H
T5H. ROFPAIZHAWNS, Z1—ILEFD
FTEETIRIDEY k (DFY, BFRTS
BE. RbPORLER) ZBit0EEERT S,
LT, RDOE Y k%Bit I’&0LVS5 & 51ZBit N-
I"ETEET 5.

N-BIT DATAFIELD

FIRST BIT TRANSMITTED = MSBE

Figure 1-1: Bit Numbering Convention

Bit &5 (11T R

When a field is used to express a binary value (such
as a counter), the Most Significant Bit (MSB) shall
be the first transmitted bit of the field, i.e., ‘Bit 0’
(see Figure 1-1).

with  the standard data-
communications practice, data fields are often
grouped of eight-bit

Throughout this document, this unit of an eight-bit

In  accordance

into a series ‘words’.

word is referred to as an ‘octet’.

Numbering for octets within a data structure starts
with 0.

By the CCSDS convention, all ‘spare’ bits shall be
always set to ‘0°.

In this document, a hexadecimal number is
expressed by hexadecimal characters (‘0°-°9°, ‘A’-

‘F’) followed by a ‘h’ (e.g. 1ABh =427 in decimal).

In this document, a binary number is expressed by
characters ‘0’s and ‘1’s followed by a lower-case ‘b’
(e.g. 101b =5 in decimal).
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T4—ILEBNAFT VB (DI 3%) 2FRb
THE, FEEEY F (MSB) 74— ILF
DRMNIEETDHEY b, DFY. Figure 1-1
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BREMNLGT—2EEOEMCAIY., T—4 7
4—I)LFRIE, LIELIE, BEY FT—FD:&E
BYICEELEDD, RETIE,. CD8EY LY
— FOELLZF octet’ EFFT B,

Octets T—2 RDE S FIT 0N SHET 5.

CCSDS DIERFIZKY. £TD ‘spare’ Ev b
ITEIZ 0 &FbHIE,

AKETIEH. 16 EHDHE16EXF ((0-9,
‘A-F) DEIC ‘h #EIEBETERT (Bl 1ABh
=427 (1 0#%0),

AKETEH. 2 EHOHZEZXF 0 RY ‘I° D%
2 b UMNXF) ZRERTETERIT W 101b=5(1
0 1#E)),



2. OVERVIEW/ #&

2.1. GENERAL/ —f#&

This chapter presents an overview of the Standard of
Communications and Data-Handling Architecture
(SCDHA) and its Part 8 (Time Management).

2.2.

The overall concept of the SCDHA is shown in
Figure 2-1 in a layered manner. Parts 2-8 of the
SCDHA specify the method to select and use
communications protocols. The overview of each
Part is given in Section 2.3 of Part 1 (General [A1]).

OVERALL ARCHITECTURE // &&k#EE&
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AE(L. Standard of Communications and Data-
Handling Architecture (SCDHA) & % @ Part 8:
Time Management DFEFRT

SCDHA M2 ofigxd. BRKEELLT
Figure 2-1 [Z.R9, SCDHA @ Parts 2~8 [&. &
E7ORaLEEDLSITEIRL. EDELS
ICAWANEED D, &/3\— FOBZEIL, Part
1: General [A1] D23 IEICE EHLNTNS,

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

subnetwork.

[Note] The layers shown in the figure are defined in

Part 1: Gereral
COS0E Part 7: Cornmon Functions
layers (SMCP, FM3)
---------------------- Part 2 - Erd to Erd Pratocal Architecture ’
retwork Part & :
Ti
_______ e )  leorese | o |
Part 3 : Spece Data T M
data link Part & : . Part& 7 rrert
Link Protooal
lanyer Onboard ) Ground
Architecturs
---------------------- Subretwark [ - - Subretwark, oo
, Part 4. RF &
phwsical Protocol , Protocol
| Architect Moduation Architect
________ ayer rchitecture Wit hods rchitecture
— o« > —
Onboard Space Link Ground
subretwork, subretwork, subretwork,
Figure 2-1: Overall protocol structure of the SCDHA

SCDHA @7 A LD 2kigE

R EfICEERBE T TRy FT—75.
AREIICHEY TRy bD—0, ZLTHR
[CAR—=RY YTy hIT—0 %KL
TWh3,

[F] KITRIE (Layers) [Efah$ CCSDS T

the CCSDS. The data-link layers in both the
Onboard Subnetwork Protocols and Ground
Subnetwork Protocols have also the characteristics
of the network layer in the OSI Basic Reference

Model.
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EREIN-BHLDTHS, Onboard Subnetwork
Protocols & Ground Subnetwork Protocols @75
@ data-link layers I&£. OSI Basic Reference Model
DRy TV BOERLHEEF>TLS,



2.3. TIME MANAGEMENT

Time is a key concept for systems for
communications and data handling and is a base of
all the functions in spacecrafts and spacecraft
operation systems. This part (Part 8) of the
architecture specifies the Time Management for a
spacecraft and spacecraft operation system, as

follows.

In this architecture, time which is measured by a
clock and can be converted to TAI without any
calibration is called absolute time and Elapsed time,
time difference, is called relative time (see Section
3.1.

In the SMCP, monitoring and controlling of a
spacecraft is specified as interaction between
Controllers/Monitors and Targets [A2]. In the
interaction, a device which measures time, i.e., a

clock, is a basic building component. Attributes [R7]
of a spacecraft are monitored with telemetry. The
values of Attributes of a Target are transferred with
telemetry that contains the information of the time at
which the values of the Attributes are measured
(Message Time specified in Section 5.3.4 of [A2]).
At the side of a Controller/Monitors on the ground
and aboard a spacecraft, on the other hand,
telecommands are issued at a specified time. It is
required that the format of time and how it is
interpreted be specified consistently for telemetry
and telecommands.

Each of Targets and Controllers/Monitors often has
a clock. Since a spacecraft and spacecraft operation
system have multiple Targets and
Controllers/Monitors, the system as a whole often
has multiple clocks. Whereas some of the clocks
indicate absolute time, the others count up in regular
interval and indicate relative time only by
themselves. In operation, all the clocks in the system
are coordinated so that their times are interpreted in
terms of the absolute time. This action is referred to

as Time Management.

In this document, two operation modes of clocks,
Corrected clock-mode and Uncorrected clock-

JERG-2-700-TP108

BZl&. EE - T—4NY RV TVRTLIC
EVEEGHETHY ., BEVLEHEERIX
TLOETDHEDEBRTHS, A7 —F7T
JF v DAR/N— L+ (Part 8) TlE, UTD&LS
2. BELHEERY AT LD Time
Management ZE 8B,

RK7—FTOF ¥ TlE, B TEASIAKIE
(RIE) 3 5FELICTAI ICERTEZ KR %

absolute time &FFU, #FiBEERHE (BFZI & BFZID

E5) % relative time EFER (3.1 IBS ),

SMCP T Ix . B2 08 & & @ %
Controllers/Monitors & Targets MAMBEER E L
TEDHD [A2], COHEMERIZEVWT. KL%
AT BKE (DFYEED &, EXRMLGERK
HMETHD, BEHIFD Attributes [R7] [T L
A M) ZEBLTEREINS, Target D Attributes
DIEIX. ZFD Attributes DIEAFHEI SN =FEZ
DIEHR ([A2] 534 BEMNED B Message Time)
EFEUCTLAMN)TEESNS, —A.(ELE
B E2EE D) Controller/Monitors DA TIX, T L
a7V FIEEESARHZICEHENS, T L
ARYETLATVFT HADIA—< Y b
PENZMMAIHERT 5H0 % H—MICEDHD
WENH D,

Targets X2 Controllers/Monitors [&, LUIE U IXE
HEFEIT L HELHEERACRATLICIEER
@ Targets & Controllers/Monitors D3@ S 1=

VAT LIF. LIFLIE, 2L L TEBDORE
=BT D, BETOHIZ(X absolute time ZRd H
DHHHH., MIFHRAMIZAhIU Ty TL,
BTl relative time 7R3 DA TH D, EMR
IZ2BEWTIE, YRATLHDETORFZ. TD
B ZIAY absolute time ITHEWTHEIREN D K5I
BIAETE D, ZDEF Time Management (FFZ]
EE) LMY D,

ZDOXETIX. Corrected clock-mode B U
Uncorrected clock-mode & ULND BEETD ZDMD&E

mode, are specified.
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The Corrected clock-mode is the operation mode
where a time value of a clock is guaranteed to be
consistent with the absolute time within error. Each
project [Al] determines the required accuracy and
corrects time values of the clocks. In the Corrected
clock-mode, the epoch [AS5] of a Time Code [AS]
during a Mission Phase [A3] is constant.

The Uncorrected clock-mode is the operation mode
where a time value of a clock is not guaranteed to be
with the
calibration. Time values of the clocks are not

consistent absolute time without
corrected and cannot be compared with the absolute
times without calibration. Thus, the epoch of a Time

Code changes during the Mission Phase.

Level-1, 2 Time Codes specified in [A5] are used

only in the Corrected clock-mode and Level-3 Time
Codes specified in [AS] are used in both the
Corrected clock-mode and Uncorrected clock-
mode.

JERG-2-700-TP108

Corrected clock-mode &, BFET DBFZIEH FRZED
&[N T absolute time & —HW I 2FEEFRIAITS
BRAE— FTHB, Project[Al] [&. ZOREE
KERD. FEtDFFZIEZMIET B, Corrected
clock-mode TI&X. Time Code [A5] @ epoch [A5]
IE. Mission Phase [A3] IZBWNT. —ETH 5,

Uncorrected clock-mode (&, BFFETDRFZIEMNRE
DEFH A T absolute time & ND—HT 2EFRL
LEGLVERE—FTH D, FETORZIEFMHE
29 KIE (BIE) L TIE absolute time & HLBE
TEHLY, £Z T, Time Code @ epoch [ Mission
Phase [CBWLVTEILT S,

[AS] TE & b Level-1, 2 Time Code [&
Corrected clock-mode TOHALNS N, [A5] T
E& B Level-3 Time Code IE Corrected clock-
mode & Uncorrected clock-mode MMWA TRALYS
nad,

Svynchronization Shoeme, Discreate Time Adjustment Scheme

Corrected

| IUnoormected

Calibration Scheme

—

Corrected

IUnoormected |

Synchronization Shoeme, DiscreateT ime Adjustment Scheme

Figure 2-2: Calibration Scheme, Discreate Time Adjustment Scheme and Synchronization Scheme

Three approaches for clock coordination are
presented in this document: Calibration Scheme (see

Chapter 5), Discreate Time Adjustment Scheme (see

Section 6.2) and Synchronization Scheme (see
Section 6.3) (see Figure 2-2).

In the Calibration Scheme, a time value of a clock in
the Uncorrected clock-mode is made related to a
time value of a clock in the Corrected clock-mode.
By contrast, in the Discreate Time Adjustment
Scheme and Synchronization Scheme, different
clocks are synchronized (i.e. adjusted to have the
same time value).

[Note] In order to operate a clock in the Corrected
the
Discreate Time Adjustment Scheme is mandatory to

clock-mode, Synchronization Scheme or

be used to keep the required time accuracy.
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AKETIE. FEDOWHIFADA & LT, Calibration
Scheme (BRRIEAR; 5 ESHB). Discreate Time
Adjustment Scheme (BFZIFAE AR ;6.2 IBSHR).
K U, Synchronization Scheme (FI#iAR;6.3 1B
ZH) O=D2%EAY % (Figure 2-2 SH),

Calibration Scheme TI&. Uncorrected clock-mode
DEFTDOBZIE% . Corrected clock-mode M EFET
OFEZECBEES T 5, —7A . Discreate Time
Adjustment Scheme & Synchronization Scheme T
F. BELG 585t E. R (0DF Y. R LCHZIE
EFDOKSICEE) 35,

[(¥] Corrected clock-mode THRETZ{#FE 5 121X,
BERSINE-RAUBEZHFIT HE-HIC.
Synchronization Scheme F f=I& Discreate Time

Adjustment Scheme ZF WS ENBETH 5,



While actions in the Calibration Scheme are
performed after measurement of a time, actions in
the Synchronization Scheme and Discreate Time
are performed before

Adjustment  Scheme

measurement of a time.

In order to synchronize clocks, time values are
required to be transferred.

When all aboard a are

synchronized, the operation modes of all the clocks

clocks spacecraft
become the same, i.e. either the Uncorrected clock-

mode or the Corrected clock-mode.

Figure 2-3 shows the configurations of clocks
aboard a spacecraft and somewhere outside;
all
configuration (a) are used in the Uncorrected clock-

whereas clocks aboard a spacecraft in
mode, those in configurations (b) and (c) are used in
the Corrected clock-mode. Whereas configurations
(a) and (b) use a clock in a ground station as a
reference for the absolute time, configuration (c)

uses GPS satellites.

Gorrected | Cloadk in the Ground Station

outside

Corracted | Clock in the Ground Station
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Calibration Scheme DYEFRIFFFZIFHRIRIZITH
M. Synchronization Scheme & Discreate Time
Adjustment Scheme DYEFEIEEFFZIFHRIFIIZITH
nd,

KrEt ZRAT 5123, RZEDEGEENBDETH
2o

HLBEICERHEDETOBTE2RATLE.
NoDEFTOERE—FIXAL (DFY.
Uncorrected clock-mode &Ef=[&. Corrected clock-

mode DfEINH) &5,

Figure 2-3 IZHI2 L BIEZN T OB OERH E R
T HEH (a) CEHLIEEICEREDL TORFET
% Uncorrected clock-mode THALY, A (b) &
(c) TIIHAHBMEBIZREDEETE 2T Corrected
clock-mode TRHWTWS, ¥k () & (b) &
absolute time DSWE L L THI ELRHOBFTZHA
W5, —H. B8 (o) IFGPSHEZAWLD,

Corrected |GPS satellites

Synchronization Scherme (out of scope)

spacecratt
Calibration Scheme (see chapter D)

| Unparreated || Primary Clodk

Synchronization Scheme (see chapter 4)

| Uncarrected Syhchronized Clocks

(a) spacscraft with docks in relative time

- Spacecraft Master Times- -

DiscreateTime Adiustment Scherme (see chapter
Calibration Scheme (see chapter §)

5.2)

@rrected GFS reosiver

Synchronization Scheme (see chapter 6.3)

(e

Synd‘ér‘onization Scheme (ses chapter 4)

Corrected [| Synchronized Clocks

(b) spacecraft with docks in absolute time
synchronized with clock in the Ground Station

I:_rrected iphmary Clock E

]
rrected || Primary Clock

SyncH:r‘onization Scheme (ses chapter 4)

Corrected [ Synchronized Clocks

(c) spacecraft with dodks in absoulte time

synicharonized with GPS

Figure 2-3 Configurations of clocks aboard a spacecraft and somewhere outside

HE LHENHORR O

In these configurations, three types of clocks aboard
spacecrafts are considered: 1) a Primary Clock, 2)
Synchronized Clocks, and 3) clocks in GPS

receivers.
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CNoDEHTIE, BEICEHORECE=D
DRATNEZBND, 1) Primary Clock, 2)
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A Primary Clock is the master clock aboard a
The
Spacecraft Time (see Section 3.2). Spacecraft Time

spacecraft. Primary  Clock  maintains

is expressed with the value of a Time Code.

A Synchronized Clock is a clock synchronized to the
Primary Clock. Time measure by a Synchronized
Clock is Spacecraft Time except for non-stationary
cases.

An operation to change the time value of a clock
instantaneously is referred to as Time Adjustment.
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Primary Clock (&, 5B 2IZEED <Y X 2 et
T#HD, Primary Clock [, Spacecraft Time % #§
¥9 5 (3.2 IEBHR), Spacecraft Time [& Time
Code DETRIEEIND,

Synchronized Clock [, Primary Clock IZ[R#] &
N-B%5+T#H 5. Synchronized Clocks TEHAIL
F-B5ZlE. IEEELGIZFE ZFRE Spacecraft Time
THb,

HOFETDOBRZEEXREEFICECIESBEE.
Time Adjustment &9 5, Time Adjustment [Z

With a Time Adjustment, the time value of a clock
discontinuously changes. In the Discreate Time
Adjustment Scheme, only Time Adjustments can
synchronize a clock to have the same time value as
another clock. In the Synchronization Scheme, Time
Adjustment is performed when the time difference
between a clock and the Primary Clock is larger than
a certain threshold value.

Whereas the Discreate Time Adjustment Scheme
guarantees the time accuracy of clocks for only a
limited period after its operation is performed (see
6.2), the
guarantees the time accuracy of clocks for the entire

Section Synchronization =~ Scheme

duration while its function is active (see Section
6.3).

Absolute time has in measurement.

Correction of potential errors after measurement of

€rrors

time is out of scope of this document.

In Chapter 3, Spacecraft Time is specified. In
Chapter 4, the Synchronization Scheme of a Primary
Clock with Synchronized Clocks is specified. In
Chapter 5, the Calibration Scheme of a Primary
Clock in the Uncorrected clock-mode with a clock
in a ground station is specified.

In Section 6.2, the Discreate Time Adjustment
Scheme of a Primary Clock in the Corrected clock-
mode with a clock in a ground station is specified.
In Section 6.3, the Synchronization Scheme of a
Primary Clock in the Corrected clock-mode with a
GPS receiver is specified.

18

KUY, BHFORLEEITERICEILT 5,
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ORZEEZ MO ERICIZT SHEK.
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(6.3 IHSBM]),

Absolute time [ZIZEHRIRENE L 5, BEZIEHE
BOEBEMNLGREDHMIEIZ. KEDK S EHE S
THhd.

3 ETIL Spacecraft Time ZE&H 5, 4 ETIE
Synchronized Clocks @) Primary Clock ~ @
Synchronization Scheme IZDWTESH D, SET
[& Uncorrected clock-mode @ Primary Clock ~@
#h EBDBFEHIZT & S Calibration Scheme % 5E &
Z

6.2 IE Tl Corrected clock-mode M Primary Clock
DH £ B DR EIZT & % Discreate Time
Adjustment Scheme # E &H %, 63 ETIE
Corrected clock-mode @ Primary Clock @) GPS 5
{EBEDBFETIZ & B Synchronization Scheme % 5E
H5,



3. SPACECRAFT TIME

3.1. GENERAL/ —f&

The master time in a spacecraft is referred to as
Spacecraft Time (see Figure 3-1 (iii)).

In this architecture, time which is measured by a
clock and can be converted to TAI without any
calibration is referred to as absolute time and
elapsed time, time difference, is referred to as
relative time.

Integer part of time in units of seconds (seconds) is
referred to as Coarse Time and fractional part of
time in seconds (subsecond, i.e. in the range of 0 to
1 second) expressed by an integer in units of
fractions of a second (e.g. 1/256 seconds, 1/1000
seconds) is referred to as Fine Time.

In this chapter, the concepts related to how
Spacecraft Time is handled and used is specified.
Figure 3-1 illustrates the overall concepts related to
Spacecraft Time.
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HELDTRAEZIZE. Spacecraft Time (Figure
3-1(iii) BR) £EMT 5,

AK7—FTIF v Tl Bt TEHBISh, KRIE

(BRIE) T HFELICTAIICERTE5%%
absolute time &FF L, FBFFRE (Bl & BZID
E45) % relative time EF59 D,

MEMATRLE-BIOEBHE (7)) % Coarse
Time EFFL., RTRLUEBRONEE (7
., DFY 0~ ROHE)EZEHID 1FOH
L (17256 #.1/1000 #2%) OEHTRLI-EZF
Fine Time &E#Md %,

ARE(X. Spacecraft Time DKL - FHIZEH S
BEEEH D, Figure 3-1 IZ, Spacecraft Time [
BAbhoBeneHEzHTY %,

Functional Object Function

Time

Encoding Operation Mode

(ii) Primary Clock

(ii1) Spacecraft

(iv) Time Code (v): Corrected

Counter

Time clock-mode,
(i) Primary Clock Uncorrected clock-
Functional Object mode
(vi) Supplementary | (*1) (*2) (*3)

Figure 3-1: Concepts related to Spacecraft Time
Spacecraft Time (CBA4 28 &

(*1) A Supplementary Counter measures time
difference by counting up at a certain time interval
(see Section 3.2).

(*2) A count value indicated by a Supplementary
Counter is encoded by a binary integer in units of
fixed time intervals (see Section 3.2).

(*3) The origin of measurement is specified in
Section 3.2.
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(*1) Supplementary Counter (&, # 4 B¥fEIfEfRT
AoV ETYTIBHET, BRHEZEZHEITS
(32IEZH),

(*2) Supplementary Counter MRT Hh > ME
. —EREEREAOZEEH T a—F
b 32EBE),

(*3) FHADRERIE32IETED D,




3.2
SUPPLEMENTARY COUNTER

A master clock aboard a spacecraft is referred to as a
Primary Clock (see Figure 3-1 (i1)).

A Primary Clock shall maintain Spacecraft Time.

A Functional Object [R7] which has a Primary Clock
is referred to as a Primary Clock Functional Object
(see Figure 3-1 (1)).

A spacecraft shall have at least one Primary Clock
Functional Object.

[Note] A Primary Clock Functional Object needs not
be a Functional Object dedicated to maintain
Spacecraft Time. It can have multiple functions.

The Spacecraft Time indicated by a Primary Clock
shall be reset to zero when the power of the Primary
Clock Functional Object is turned on.

A Primary Clock shall be activated at the timing of
reset.

The time value of a Primary Clock shall be able to be
reset to an arbitrary value with a telecommand.

A Primary Clock Functional Object may have a time
counter referred to as a Supplementary Counter (see
Figure 3-1 (vi)).

The Supplementary Counter measures Fine Time (see
Section 3.4.2).
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PRIMARY CLOCK FUNCTIONAL OBJECT, PRIMARY CLOCK, AND

BFEICBHO Y R 2BEET %, Primary Clock & Ff
9 % (Figure 3-1 (i) S8),

Primary Clock I&. Spacecraft Time Z#HFd 5
&,

Functional Object [R7] M3 %, Primary Clock &
¥ D% M % Primary Clock Functional Object
(Figure 3-1 (i) 1) &£#M9 5%,

BMEE. 25 < EEH—D0D Primary Clock
Functional Object D &,

[ 5% ] Primary Clock Functional Object [& .
Spacecraft Time D#EFF D Functional Object T
HEBERLGL, BEROEEZFETHENTE
%,

Primary Clock A3R9 Spacecraft Time (&, Primary
Clock Functional Object M/NT—# > OREIZE A
Tty bEnd &,

Primary Clock [&. Uty hDE A S THE
T5HZ &

Primary Clock DFf%lfEIL. 7L< FTEE
DIEICHBREARERTHD &,

Primary Clock Functional —Object (& .

Supplementary Counter & ¥ T DR AH D 2 AR
(Figure 3-1 (vi) SB)ZH > TEHLELY,

Supplementary Counter [&. Fine Time Z &9 %
(3.42 BBE),



3.3.
3.3.1.  General/ —fi§

Operation modes of clocks (see Figure 3-1 (v)) shall
be either the Corrected clock-mode specified in

Section 3.3.2 or Uncorrected clock-mode specified

in Section 3.3.3.

Each project [Al] shall determine the operation
mode of its clocks.

If a GPS receiver is placed aboard a spacecraft, the
Primary Clock of the spacecraft shall always be
used in the Corrected clock-mode.

3.3.2. Uncorrected clock-mode

The Uncorrected clock-mode is the operation mode
where a time value of a clock is not guaranteed,
where a time value of the clock cannot be compared
with absolute time without calibration. In the
Uncorrected clock-mode, clocks are not corrected.
Thus, the epoch of a Time Code changes during the
Mission Phase.
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OPERATION MODES OF CLOCKS // Bf§tDERE—F

BETDERAE— K (Figure 3-1 (v) ) X,
3.3.2 IEIZE 8 B Corrected clock-mode Y, 3.3.3
IE[Z5E® % Uncorrected clock-mode AM@{a] A
E¥BH &,

& project [Al] (X, BFETDERE—FZRHD
&,

GPS ZIEHERMEITHEHT HH5E. TOHED
Primary Clock [, &2, Corrected clock-mode T
Auhohdl &,

Uncorrected clock-mode 1&., BrEt DB ZIEZ {REE
LGLERE— FTHY. FETORZIEIE. &KRIE

(BRI1E) LTI, absolute time EELEETEALN,
Uncorrected clock-mode TIE, BEHX, #IEL%
Lo LI=AY2 T, Time Code @M epoch [& Mission
Phase [ZEWLTEILT S,



3.3.3. Corrected clock-mode

The Corrected clock-mode is the operation mode
where a time value of a clock is guaranteed, where
the clocks indicate absolute time. The clocks shall
be corrected in order to guarantee their time values.
A project shall determine the requirement for their
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Corrected clock-mode (&, BFETDEFZIEZRELT
HERATE— FTHY. BFatlE absolute time &R
Yo BEt(d. BREZREET 57-H. WIETSHC
& Project 1T, ENLDREEREZROHBE,
Corrected clock-mode TIE. Time Code [A5] D
epoch [A5] [&. Mission Phase [A3] IZEWVT. #5

accuracy. In the Corrected clock-mode, the epoch
[AS] of a Time Code [A5] during a Mission Phase
[A3] shall be a constant within the required
accuracy.

The time range of the Time Code for clocks in the
Corrected clock-mode shall cover the entire Mission
Phase.

The epoch of a Time Code for clocks in the
Corrected clock-mode shall be either that
recommended by the CCSDS (1958 January 1; TAI;

EERDEHHET—ETH L.

Corrected clock-mode MBFETD Time Code DB
ZIEF (L. Mission Phase DEEZEH/N—F 5 C
&

Corrected clock-mode DBFEFF® Time Code @
epoch [& CCSDS #1& (1958 &£ 1 A 1 B; TAL
International Atomic Time [AS5]) Ff=I& GPS @

International Atomic Time [AS5]) or the epoch of the
GPS (i.e. 1980 January 6, UTC). Note that the
former and the latter are in the category of Level-1

and Level-2, respectively, both specified by [AS].
Each project shall determine the epoch.

[Note] The epoch of the GPS is recommended
because heritages from the JAXA’s past space
science spacecrafts are available.

A Primary Clock in the Corrected clock-mode has
an incorrect time value before the initial Time
Adjustment (see Section 2.3). Each project shall
determine the time range of time value valid as
absolute time.
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epoch (DFEUY, 1980&F 1 A6 B, UTC) TH
52 &, TIT. BMIERUVEREIL. ThTh.,
[AS] DEH S Level-1 U Level 2 DAT I
IZE9 5., & project [, @ epoch ZRH B
&Eo

CE]JAXA OFHRZRFEDOEELH D=0,
GPS @ epoch AR SN B,

Corrected clock-mode @ Primary Clock [&, #J[a]
® Time Adjustment (2.3 IBS ) ORIIIEL <
BUOEZIEZ B D, & project £, T DEFZIED
absolute time & L CHAMGRZIGEBEZRD S
&,



3.4.
3.4.1. General/ —f&

Spacecraft Time shall be expressed with a Time
Code [AS] (see Figure 3-1 (iv)).

Spacecraft Time at the timing when a Space Packet

JERG-2-700-TP108

SPACECRAFT TIME CODE COMBINATION

Spacecraft Time [, Time Code [AS] TRIET %
— & (Figure 3-1 (iv) SH8),

Space Packet [A3] Z#RET S22 M IJICH

[A3] is edited (see Section 5.6.1 in [R1]) is referred
to as Packet Time.

Packet Time is held in the Time Code field [A3] of
a Space Packet (see Section 5.4.6 in [R1]).

One of the following four types of Time Codes shall
be used to express Spacecraft Time depending on
the usage.

- A Time Code referred to as a Packet Time Code,

which expresses Packet Time in the Time Code field
of Space Packets

- A Time Code referred to as an Onboard
Subnetwork Time Code, which is used in the

distribution of a Spacecraft Time in onboard
subnetwork (see Chapter 4)

- A Time Code referred to as an MTT Time Code,
which expresses Marker Transmission Time (MTT)
in Time Telemetries (see Section 5.2.1)

- CCSDS Unsegmented Code (CUC) defined in
[AS] which is used to express the Message Time of
a VALUE Telemetry Message (see Section 5.3.4 in
[A2]).

[Note] Relation between the Packet Time and the
Message Time is specified in Section 3.4.3 in [R1].

A combination of a Packet Time Code, Onboard
Subnetwork Time Code, and MTT Time Code is
referred to as Spacecraft Time Code Combination.

In this section, the method to express time with
Spacecraft Time Code Combination is specified.
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[+ % Spacecraft Time ([R1] 5.6.1 IBSHE) %,
Packet Time & 59 %,

Packet Time (&, Space Packet @ Time Code 2 «

—ILE [A3] IS& YRS D ([R1]5.4.6 THS
L8

Spacecraft Time MFIE LT, BMIZIEL. KL
TITRYT MFEFED Time Codes DN ZE ALY
b &,

- Packet Time % Space Packets @ Time Code 7
4 —ILFIZTRIET B Time Code (Packet Time
Code £#79 %)

-BEBHY IRy T —VI2BIT D
Spacecraft Time D EE (4 ESH) TR Time
Code (Onboard Subnetwork Time Code & 94 %)

- Time Telemetries [Z T Marker Transmission Time

(MTT) (5.2.1 IBER) Z#RHET S Time Code
(MTT Time Code &#59 3)

- VALUE Telemetry Message D Message Time (D
FRIRIZAHLYS CCSDS Unsegmented Code (CUC)
([A2] 5.3.4 IES ),

[7E£] Packet Time & Message Time D BERIL. [R1]
3AZTEMNEDH TS,

Packet Time Code, Onboard Subnetwork Time
Code, BT MTT Time Code DHEDHEZ.
Spacecraft Time Code Combination & #3 5,

AIETIX. Spacecraft Time Code Combination [Z
LOBRLDRBAELEED D,



3.42. Common Specification // F£BERE

A Packet Time Code shall consist of an optional P-
field and a mandatory T-field. An Onboard
Subnetwork Time Code shall consist of only a T-
field.

The T-ficlds of a Packet Time Code and Onboard
Subnetwork Time Code are referred to as Packet
Time Indicator and Onboard Subnetwork Time
Indicator, respectively. Therefore, the Onboard
Subnetwork Time Code is identical with the
Onboard Subnetwork Time Indicator.

Each of a Packet Time Indicator and an Onboard
Subnetwork Time Indicator shall be a binary integer
with a fixed bit-length (i.e. unsegmented time code
specified in [AS]).

Each of a Packet Time Indicator and an Onboard
Subnetwork Time Indicator shall be composed of
one or two fields. One (upper bits; hereafter referred
to as a Basic Time field) shall be a mandatory fixed-
bit-length binary integer in units of seconds, which
measures a Coarse Time. The other (lower bits;
hereafter referred to as a Fractional Time field) shall

be an optional fixed-bit-length binary integer in
units of seconds to a negative power of 2, which
measures a Fine Time. The bit length of a Fractional
Time field may be 0.

[Note 1] T-field, P-field, Basic Time field, and
Fractional Time field are concepts defined for CUC
and are generalized to other cases in this document.

[Note 2] The unit of LSB of a Basic Time field is 1
second and the unit of MSB of a Fractional Time
field is 0.5 seconds.

The Basic Time field of a Packet Time Indicator
shall be all or the lower part of the Basic Time field
of an Onboard Subnetwork Time Indicator.

The Fractional Time field of a Packet Time Indicator
shall be all or the upper part of the Fractional Time
field of an Onboard Subnetwork Time Indicator.
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Packet Time Code [, &< 3 > ® P-field &
WD Tfield EMMBEH B I &, Onboard
Subnetwork Time Code (&, T-field DHMN B % S
&,

Packet Time Code B UF Onboard Subnetwork Time
Code @ T-fields &. FNF M. Packet Time
Indicator & T} Onboard Subnetwork Time Indicator
EMTBH, ZDEIL, Onboard Subnetwork Time
Code %' Onboard Subnetwork Time Indicator & [
—THEIAEZEKRLTLS,

Packet Time Indicator & Onboard Subnetwork
Time Indicator [&, fAIhE BEEEY FROZE
BH (DFY. [AS] BEDH S unsegmented time
code) THAHZ &,

Packet Time Indicator & Onboard Subnetwork
Time Indicator [&, fAlE . —DFLIEZDD T
1 —ILFIZEYEBRENEZE, —D (EfIE
w b ; LI, Basic Time 74 —JLKEFRT D)
T, WEADHEMOBEEEY FROZHEEHT
HY. CoarseTime #5HBITH &, T=-. A

(FBRLEw b ; LAB&. Fractional Time 27 4 —JL
FEMT D) . ATLavD20REFZELD
1REMOBEEY FROZEEBHTHY.
Fine Time # &89 % Z &, Fractional Time 7 «
—ILEDEY FRIZ0OTEHLELY,

[E 1] T-field, P-field, Basic Time 7 4 —JL K, &
U Fractional Time 7 4 —JL F(X,CUC [ZHE T
EREIN-BETHY . KETHDIGEIZHLR
INTLB,

[ 2] Basic Time 7«4 —JL K LSB D EALIE |
#THY. Fractional Time 7 4 —JL KD MSB
DEfFSHTHD,

Packet Time Indicator @ Basic Time 7 4 —JL F
[&. Onboard Subnetwork Time Indicator @ Basic
Time 74— )L FDEAXRFLETUBTHASH
&

Packet Time Indicator @) Fractional Time 7 4 —JL

F I&. Onboard Subnetwork Time Indicator @
Fractional Time 7 4 —JL FODEAFE 1= (X LAGLER
THdT &,



A Supplementary Counter, if it exists, shall hold the
value of Fine Time in MTT Time Code.

The precise specification about the Spacecraft Time
Code Combination (e.g. bit allocations) shall be
either STCC-Type 1 (see Section 3.4.3) or STCC-
Type 2 (see Section 3.4.4).

Table 3-1 summarizes the difference between
STCC-Type 1 and STCC-Type 2. Note that the Time
Codes in STCC-Type 1 are the CUC. The Time
Codes in STCC-Type 2 have bit field allocation,
which is specified in this document, and may not be
compatible with the CUC.

Whereas the bit length of each of Basic Time fields
and Fractional Time fields of the Time Codes in
STCC-Type 1 is a multiple of & bits, that in STCC-
Type 2 is arbitrary.

The bit length of a Packet Time Indicator is fixed to
be 32 bits in any cases.

[Note 3] Use of STCC-Type 1 in the categories of
Level-1, 2 is preferable because the combination
satisfies the CCSDS standard ([AS]).
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Supplementary Counter [, FHET HHFE. MTT
Time Code @ Fine Time DIEZRIFT S &,

Ewv FEIY & TZH . Spacecraft Time Code
Combination MDEREEFEHRIE. 343 HIZET
STCC-Type 1 3.4.4 BIZEEF STCC-Type 2 A
DfEnMTHS &,

Table 3-1 [Z, STCC-Type | & STCC-Type 2 D&
WEFEEDHD, T T, STCC-Type 1 @ Time
Codes [& CUC T#H%, STCC-Type 2 M Time
Codes [&. RETHBIZEDH-EY T 1s—JL
FDEIYLTEESL., CUC EITEBRMEMNEL
TR,

STCC-Type 1 TIl&. Time Codes @ Basic Time 7
4 —JL K & Fractional Time 7 4 —JL KD E v k
RlE. ihd 8 Ev bOEHTHD. —A.
STCC-Type 2 Tl&. FETH D,

Packet Time Indicator @ E v FEIX. AN DBE
3. REYFEETH D,

[3F 3] Level-1, 2 @AF 31 T STCC-Type | &
FAWLSEM, CCSDS & ([AS]) Zib-I8R
MoIFFELLY,

Table 3-1: Comparison of the Time Codes in STCC-Type 1 and STCC-Type 2
STCC-Type 1 & STCC-Type 2 @ Time Codes D L8

STCC-Type 1 STCC-Type 2
Bit field allocation CCSDS Unsegmented Code Original
(CUC)
Total length of Packet Time Indicator 32bits
Total length of Onboard 48 bits 38 bits (STCC-Type 2a)
Subnetwork Time Indicator or 40 bits (STCC-Type 2b)
Length of Basic Time field (a multiple of 8 bits) (not necessarily multiple of §
Length of Fractional Time field bits)
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For STCC-Type 2, two sub-types STCC-Type 2a
and STCC-Type 2b are specified in Section 3.4.4;
however, only STCC-Type 2a is fully specified in
this document.

The following items shall be specified in each
project.

- The type of the Spacecraft Time Code
Combination: either STCC-Type 1 or STCC-Type
2a.
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STCC-Type 2 DI/ E. STCC-Type 2a & STCC-
Type2b DZD2DH T2 A TH344ETEDT
WA AENTELIZEDH 5 DIE STCC-Type 2a
DHTHS,

UTDIEBIE. project ZEIZEHDZ &

- Spacecraft Time Code Combination D% A 7 :
STCC-Type 1 FEf=[F STCC-Type 2a DAL HY,



3.43. STCC-Type 1: CUC

Each of a Packet Time Code and an Onboard
Subnetwork Time Code shall be the CUC.

Figure 3-2 shows the STCC-Type 1 formats of Packet
Time Code, Onboard Subnetwork Time Code, and
MTT Time Code.

Packet Time Code (5 octsts)

[P—field 0 00¢ 11 00b)

(T—field = Packet Time Indicator -+ 4 octets)

JERG-2-700-TP108

Packet Time Code & Onboard Subnetwork Time
Code [F. flhd. CUC THAZ &,

Figure 3-2 [Z . Packet Time Code, Onboard
Subnetwork Time Code, B Uf MTT Time Code M

STCC-Type 1 IZHBIFEHT+—< v F&ETFRT,

wooc = 00Tb or 010b

Coarse Time in the Basic Time field (4 ootets)

1

loctet length

| attached ‘ | |

Onboard Subnetwork Time Code (6 octets)

[P—field : 0>0¢11 01b)

(T—feld = O nboard Subnetwork Time Indicator =+ 6 octets)

Coarse Time in the Basic Time field (4 octets) Fine Time in the Fractional Time field (2 octets)

{ detached ‘ |

MTT Time Cods (Boctets)

{P—field : the same as Packet Time Code)

<>

T—field = Coarse Time (4 octets)

[time walue of the Supplementary Counter)

Fine Time (3 octets)

| attached | |

(010 62499 in nominal case)

Figure 3-2: Packet Time Code, Onboard Subnetwork Time Code,
and MTT Time Code in STCC-Type 1

In STCC-Type 1, P-field specified in [AS5] shall be
attached in Packet Time Codes.

Octet 2 defined in [AS5] shall be absent in P-field.

[Rational 1] Time span of ~136 years can be allocated
for a Fractional Time field with use of only Octet 1
defined in [AS5].

[Rational 2]
allocated for a Fractional Time field with use of only

Sufficient time resolution can be

Octet 1 for operations of monitoring and controlling.

[Note 1] Because Octet 2 is absent, the first bit of a
P-field is always 0.
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STCC-Type 1 TI&, Packet Time Codes IZ[E [AS5]
NEDHD P-field ZHHETHZ &,

[AS] AEZET B Octet 2 [, P-field [TTFFE LR
W&,

[#B#L 1] [AS] AAEET B Octet | DHDEH T,
Fractional Time 7 4 —JL FIZ, ~136 DA A L
ANVEHERTEDS,

[#B#L 2] Octet | DHDEH T, Fractional Time 7
4 —IJLFRIZ, BERHEEIC+ 0 LMo R E
RTES,

[GE 1] Octet 2 FTFEE LA =8, P-field DFE—
Ev FOEIXEIZOTHD.




A Packet Time Code shall const of only a Basic Time
field with a length of 4 octets and shall not contain a
Fractional Time field.

An Onboard Subnetwork Time Code shall consist of
a Basic Time field and a Fractional Time field with
lengths of 4 octets and 2 octets, respectively.

[Note 2] The value of the P-field of a Packet Time
Code is either O 001 11 00b or O 010 11 00b,
depending on the epoch.

For STCC-Type 1, Coarse Time in the MTT Time
Code shall be expressed with a Packet Time Code.

For STCC-Type 1, a Supplementary Counter in 24
bits shall be used. A Supplementary Counter shall
count up every 1/27'%. The nominal value of a
Supplementary Counter is in the range of 0 to 65535
(the cases out of this nominal value will be specified
in Section 6.3 in the future).
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Packet Time Code [&, & & 4 octets M Basic Time
TJ4—ILKEE¥EDI &, £1=. Fractional Time 7
14 —ILREHFELGWNI &,

Onboard Subnetwork Time Code [£. & & 4 octets
M Basic Time 7 4 —JL F & K& & 2 octets
Fractional Time 7 4 —JL F&EHF DI &,

[E 2] Packet Time Code @ P-fields MfEIX. epoch
[2&>T. 0001 1100b%H 001011 00b Hhr DA+
mTHb,

STCC-Type 1 Tl&. MTT Time Code [ZH VT,
Coarse Time |& Packet Time Code THRIRFT B
&Eo

STCC-Type 1 [Z1&, 24 Ev F® Supplementary
Counter Z# FALY5 C &, Supplementary Counter
. 12 BIZADU b7V TT B E,
Supplementary Counter @/ = FJLEIX 0~65535
DEHERAIZHD (F 7/ S FILEIFFER 63 B
IEDHD).



3.44. STCC-Type 2: Arbitrary Binary Counter

In STCC-Type 2, a P-field shall be absent in Packet
Time Code. Therefore, the Packet Time Code is
identical with the Packet Time Indicator.

The bit length of a Packet Time Indicator shall be 32
bits (i.e. 4 octets).

A Packet Time Indicator is specified with the
following parameters.

- The bit length of the Fractional Time field of a
Packet Time Indicator: Fp.

An Onboard Subnetwork Time Indicator is specified
with the following parameters.

- The bit length of the Basic Time field of an Onboard
Subnetwork Time Indicator: Bc.

- The bit length of the Fractional Time field of an
Onboard Subnetwork Time Indicator: Fec.

Then,

- the bit length of the Basic Time field of a Packet
Time Indicator: Bp

is given by the equation Bp = 32—Fp and

- the bit length of an Onboard Subnetwork Time
Indicator: Nc

is given by the equation Nc = Bc+Fe.

For the values of the parameters, the following
combinations (STCC-Type 2a and STCC-Type 2b)
are allowed.

[Rational] These are supported by the common on-
ground software for the Calibration Scheme.

[Note] Only STCC-Type 2a can be used between
STCC-Type 2a and STCC-Type 2b because one of the
conditions for STCC-Type 2b to be used, the
“SMCP without the SMCP
Message” [A2], is beyond the scope of the current

configuration of

version of this document.
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STCC-Type 2 Tl&. Packet Time Code IZ P-field A%
FELEWI &, ZOEIE., Packet Time Code AY
Packet Time Indicator ER—TCTHHIBZEKRL T
W5,

Packet Time Indicator @ Ew FEIX.32 Ew (D
F Y 4octets) THAZ &,

Packet Time Indicator [, KATFD/8T A —42 TRE
b5,

- Packet Time Indicator @ Fractional Time 7 4 —
IWEDEY FE: Fp

Onboard Subnetwork Time Indicator [£. LT/
5 )‘ _@ -GE&) % o

- Onboard Subnetwork Time Indicator @ Basic Time

TJ4—ILFDEY FK : Be

- Onboard Subnetwork Time Indicator @ Fractional
Time 74— FOEY MR : Fe

% T,

- Packet Time Indicator @ Basic Time 7 4 —JL F
DEY LR : Bp

IZ. XBp=32-Fp THEZALND, £,

- Onboard Subnetwork Time Indicator @ E v k
£ Ne

. X Ne=Be+Fe THEZGHN,

NTA—FDEELELT. UTOMEE (STCC-
Type 2a & STCC-Type 2b) HHBFIN D,

[#B#l] Ct51E, Calibration Scheme D f=H D
BOHEY T bDz7HAYR—FLTLS,

[3E] STCC-Type 2b ZRAWSEHD—DH, KE
DBEN—2 a3 DEEFEZR 5 SMCP Message
[A2] 7E L SMCP] THST=8. STCC-Type2a
& STCC-Type 2b M5B, STCC-Type 2a DH &
AW3EMNTES,



Figure 3-3 shows the STCC-Type 2a formats of
Packet Time Code, Onboard Subnetwork Time Code
and MTT Time Code.

For STCC-Type 2a, the values of the parameters shall
be as follows.

- Bc=32, Fe=Fp=6.
These imply the following:
- Bp=26, Nc=38,

- a Packet Time Indicator is lower 32 bits of an
Onboard Subnetwork Time Indicator,

- the time span expressed with a Packet Time
Indicator is ~2.1 years,

- the time span expressed with an Onboard
Subnetwork Time Indicator is ~136 years, and

- the time resolutions of an Onboard Subnetwork
Time Indicator and Packet Time Indicator are both
15.625msec (64Hz).

For STCC-Type 2a, Coarse Time in the MTT Time
Code shall be expressed with a 30-bit binary integer.

For STCC-Type 2a, a Supplementary Counter with 20
bits shall be used. A Supplementary Counter shall
count up every lps. The nominal value of a
Supplementary Counter is in the range of 0 to 999999
(the cases out of this nominal value will be specified
in Section 6.3 in the future).

These imply the following.

- (The value of a Fractional Time field) = (the value
of a Supplementary Counter) / 15625 (in the
nominal case).
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Figure 3-3 12 . Packet Time Code, Onboard
Subnetwork Time Code, BT MTT Time Code M
STCC-Type 2a IZHBIT BT+ —< v b ETRT,

STCC-Type 2a Tl&k, NS A—FDEIIUTTH
5T &,

- Bc=32, Fe=Fp=6
NLDEIFIUTEEKRT S,
- Bp=26, Nc=38

- Packet Time Indicator [&. Onboard Subnetwork
Time Indicator M FHEL 32 Ew k

- Packet Time Indicator ANRIRT S EAMIE ~2.1 &F

- Onboard Subnetwork Time Indicator BARIRT B
ML ~136 &

- Onboard Subnetwork Time Indicator & Packet
Time Indicator M BRI D EEEX. AN .
15.625msec (64Hz)

STCC-Type 2a Tl&. MTT Time Code IZH VT,
Coarse Time .30 Ew FOZHEBKRET 5
&

STCC-Type 2a IZ(, 20 E F® Supplementary
Counter Z# FLv5 Z &, Supplementary Counter
. lus BICAD VT TTBHI L,
Supplementary Counter @ / X F JL{EIX 0~
999999 MEERIZH S (4 7/ I FIVIEXFFE
6.3HICEDH D),

CNoDEFLUTEEKRT 5,

- ( Fractional Time 27 4 —JL F O {#E) =
(Supplementary Counter D{E) /15625 (/ 2 F
L)
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FPacket Time Cods
= Packet Time Indicator -+ doctets

Coarse Time in the Basic Time field Fine time in the Fractional Time field
23 e s o7l - 07%]
Bp = 26 (bits) Fo =B (bits)

O nboard Subnetwork Time Code
= Onboard Subnetwork Time Indicator -+ 38kits

Coarse Time in the Basic Time field Fine time in the Fractional Time field
|23]S ............ 205|2_]S 2‘55|
Be = 32 (bits) Fe =6 (bits)

MTT Time Cocle (50bits)

(time value of the Supplementary Counter)

Coarse Time Fine Time
|22gs """""" 205|2]gus """""" 20us|
30hits 20bits

(012999999 in nominal case)

Figure 3-3: Packet Time Code, Onboard Subnetwork Time Code,
and MTT Time Code in STCC-Type 2a
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Figure 3-4 shows the STCC-Type 2b formats of
Packet Time Code, Onboard Subnetwork Time Code,
and MTT Time Code.

For STCC-Type 2b, the MTT Time Code shall be the
same as the Onboard Subnetwork Time Code.

For STCC-Type 2b, the values of the parameters shall
be as follows.

- Bc=27, Fe=13, Fp=5.
This implies the following.
- Bp=27, Nc=40,

- a Packet Time Indicator is upper 32 bits of an
Onboard Subnetwork Time Indicator,

- the time span expressed with both a Packet Time
Indicator and Onboard Subnetwork Time Indicator is
~4.25 years,

- the time resolution of a Packet Time Indicator is
31.25 msec (32 Hz), and

- the time resolution of an Onboard Subnetwork Time
Indicator is 122 us (2°'%s).

Facket Time Code
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Figure 3-4 [T . Packet Time Code, Onboard
Subnetwork Time Code, B Uf MTT Time Code M
STCC-Type 2b IZH1T5 7+ —< v F&ETRT,

STCC-Type 2b Tl&, MTT Time Code (&, Onboard
Subnetwork Time Code EB—THd = &,

STCC-Type2b Tl&, NTA—FDEIFLLTTH
&,

- Bc=27, Fc=13, Fp=5
CODEFUTEEKRT S,
- Bp=27, Nc=40

- Packet Time Indicator [&. Onboard Subnetwork
Time Indicator M _EHL 32 Ew k

- Packet Time Indicator & Onboard Subnetwork
Time Indicator ARIZ T HHEAM X, I, ~4.25
&

- Packet Time Indicator M EFfE 7 fZRE( 31.25 msec
(32 Hz)

- Onboard Subnetwork Time Indicator ) BfE % &
BEIX 122 us (2°1%)

= Packet Time Indicator -+ doctets

Coarse Time in the Basic Time field

Fine time in the Fractional Time field

|225S ............ 208|2_]S 2_58|

Bo =27 (bits) Fo =5 (bits)

Onboard Subnetwork Time Code
= Onboard Subnetwork Time Indicator -+ D octets
=MTT Time Code

Coarse Time in the Basic Time fisld Fine time in the Fractional Time field

Be =27 (bits) Fe =13 (bits)

Figure 3-4: Packet Time Code, Onboard Subnetwork Time Code,
and MTT Time Code in STCC-Type 2b
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4. DISTRIBUTION OF SPACECRAFT TIME
SPACECRAFT TIME B4
4.1. GENERAL/ —f&

Each onboard Node [A1] may have a clock referred
to as a Synchronized Clock.

A Synchronized Clock maintains Spacecraft Time.

Each project shall specify which Nodes have
Synchronized Clocks.

This chapter specifies the scheme, referred to as
Synchronization Scheme, to synchronize time value

from the Primary Clock to Synchronized Clocks.

A Synchronized Clock shall
synchronized to the Primary Clock.

be periodically

A Primary Clock Functional Object shall distribute
the value of Spacecraft Time indicated by the Primary
Clock to the Nodes which have Synchronized Clocks.
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LB E2E Node [A1] 1. Synchronized Clock &
He B EL > TRLY,

Synchronized Clock [&. Spacecraftr Time Z#f$%9
%o

£& project [&. E® Nodes A Synchronized Clocks
EEHONMNEHDIC &,

AEI[&, Primary Clock & Synchronized Clocks %
BH & 5 =8 D Synchronization Scheme & Fid
DHEEEDD,

Synchronized Clock [&. Primary Clock & FEHI#IZ
BHichd &,

Primary Clock Functional Object &, Primary Clock
MIRT Spacecraft Time O f % . Synchronized
Clocks Z$D Nodes IZEET HC &,



4.2.

4.2.1. General/ —fi§

In this section, the Synchronization Scheme to be
used with the SpaceWire Protocol is specified. In the
Synchronization Scheme, SpaceWire TimeCodes

[A7] are used to distribute the timing information.

[Notel] Section 3.2 in [A7] states that Time-Code is
the
synchronization to a

issued across entire  system, allowing
microsecond precision.
However, how SpaceWire TimeCode is used for time

synchronization is not clearly specified.

In this architecture, among the methods to pass on the
timing, those with which the timing of SpaceWire
TimeCodes are synchronous and asynchronous with
the timing of Spacecraft Time are referred to as
Synchronous method and Asynchronous method,
respectively.

[Note2] This definition implies that the time interval
of SpaceWire TimeCodes in the Synchronous method
is 1/64 seconds.

Asynchronous method shall be used if STCC-Type 1
is used.

Synchronous method shall be used if STCC-Type 2
is used.

A Spacecraft Time distributed in an onboard
subnetwork is called Time Information in [A7]. In

this architecture, the Time Code to express Time
Information is called the Onboard Subnetwork Time
Code (see Section 3.4.1).
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DISTRIBUTION WITH SPACEWIRE // SPACEWIRE [Z & %E2{§

AIE TIlX. SpaceWire Protocol & FHIZH ULV
Synchronization Scheme % 5E & % , Synchronization
Scheme Tl&. 24 SV BHROBEE IS
SpaceWire TimeCodes [A7] BV,

[ 1][A7]3.2 &, TimeCode (£ R T L2k
[CHESh., YAV ORBEEOKEETCRAZ L
52EMNTES.] EBRTWS, LAL, ED
& D [Z SpaceWire TimeCode ZEFZIRERIZALYS
MIBAREIZITE D TULVELY,

RK7—FTUOF¥TIE 340 %A DA
ED S B, SpaceWire TimeCodes DA A T U5
M. Spacecraft Time DA A T 257 & REARUIE
FH#AEH D %E. T Z 4. Synchronous method &
U Asynchronous method & #9 5,

[ 2] S DESEIL. Synchronous method 21T D
SpaceWire TimeCodes MDEFFEIREFEAY 1/64 B TH
BEEEKRT B,

STCC-Type 1 ZFR V5155 . Asynchronous method
FRHWSC &,

STCC-Type 2 U535 4E ., Synchronous method
ZRAWSCZ &,

[A7] Tl&. BE2EHY Iy FT—O TERET
% Spacecraft Time DFEZE . FFZIEHR EMFA TL
5, Fl-. K7—F TV F v TlE BZERER
189 % Time Code [&. Onboard Subnetwork Time
Code EFEATLNS (3.4.1 HSH),



The upper bits of Time Information cannot be
synchronized with SpaceWire TimeCodes. [A7]
specifies that a Synchronization Service passes from

the time-master device to the user device the
information of the upper time digits that SpaceWire
TimeCodes cannot synchronize. Section 8.4 in [A7]
specifies the Master Trigger Time Write service as the

Synchronization Service by the SpaceWire-RMAP,
which passes time information at specified intervals
with RMAP Write Commands. Similarly, Sections
9.3 and 10.3 in [A7] specify the Synchronization
Service by the protocols SpaceWire-PTP and

SpaceWire-R, respectively.

If the SpaceWire Protocol is used for the Onboard
this the
Synchronization Services with one of the SpaceWire-
RMAP ([A7] Section 8.4), the SpaceWire-PTP ([A7]
Section 9.3), and the SpaceWire-R ([A7] Section
10.3) shall be employed to distribute the upper bits of

Subnetwork Protocol in architecture,

Time Information. This document refers to the
Onboard Subnetwork Time Code’s upper bits which
are synchronized with the Synchronization Services
as Synchronization Service field (see Figures 4-1 and
4-2).
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BFZIIEER D L GI#TIX. SpaceWire TimeCodes Tl&
RHEITE ALY, [A7] [&. Synchronization Service
B, SpaceWire TimeCodes TIZRHEI T E A LI
DLEHOERE. BRI 2 ENMI I —Y
HBRICERETIFEZEDHTLD, [A7] 84 HITE.
SpaceWire-RMAP [Z& % Synchronization Service
& LT, RERM Z &2 RMAP Write Commands
CEUBZIERZRET A VAL b AEZ
Write Y —E 2 ZEH TS, Ti=. BRI, [AT]
93IERY 103 L. TNE. SpaceWire-PTP
kB U SpaceWire-R 7 B ka3 IT &K B
Synchronization Service ZEH TLVD,

RK7—FT O F¥IZH VT Onboard Subnetwork
Protocol [Z SpaceWire Protocol ZFAL\BIBA .
ZIEFH D LA HT DE1E S . SpaceWire-RMAP
([A7] 8.4 1), SpaceWire-PTP ([A7] 9.3 18) F1=1&
SpaceWire-R  ([A7] 103 IE ) [T & 3
Synchronization Service 3 Z &, RETIE.
Z @ Synchronization Service TREIEIF % Onboard
Subnetwork Time Code @ Lt i #r % .
Synchronization Service 7 4 —JL F &# T B
(Figures 4-1 R U 4-2 S),




4.2.2. Synchronous Method

In the Synchronous method, a SpaceWire TimeCode
with the value of zero shall be transmitted at timings
of counting up of the Coarse Time of Spacecraft
Time.

In the Synchronous method, the value of a SpaceWire
TimeCode shall be used to distribute the lower 6 bits
of Time Information.

In the Synchronous method, Onboard Subnetwork
Time Code consists of a Synchronization Service
field and a SpaceWire TimeCode field (see Figure
4-1).

In the Synchronous method, the number of bits of the
Synchronization Service field shall be 32. The lower
6 bits of the Onboard Subnetwork Time Code in the
Synchronous method is referred to as SpaceWire
TimeCode field.

The Synchronization Service field and the SpaceWire
TimeCode field hold the value of Coarse Time and
that of Fine Time, respectively.

JERG-2-700-TP108

Synchronous method T I&. Spacecraft Time @
Coarse Time DA b Ty TDRA T2,
fEAEAD SpaceWire TimeCodes MIEET B
&

Synchronous method TI&. SpaceWire TimeCode 0
Ex. BZFEHROTE 6 Ev FOEREIZAWLS
&

Synchronous method TI&. Onboard Subnetwork
Time Code I, Synchronization Service 7 4 —Jb
K& SpaceWire TimeCode 7 4 —JL KBRS
(Figure 4-1 BH),

Synchronous method Tl&. Synchronization Service
TJ4—ILFDEY FUIF R EY FTHBHZ L,
% 7= . Synchronous method [Zd 174 Onboard
Subnetwork Time Code D FHL 6 Ew k%,
SpaceWire TimeCode 7 4 —JL K &9 %,

Synchronization Service 7 4 — JL F B U
SpaceWire TimeCode 7 4 —JL R, EhEh.
Coarse Time D &R U Fine Time DIEZREFT 5,

Time Information

Onkoard Subnetwork Time Code

Synchronization Service field

SpaceWire TimeCode field

Coarse Time

Fing Time

32bits

Ghits

Figure 4-1: The structure of Time Information (Synchronous Method)
Time Information MD#&3&E (Synchronous Method)
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4.2.3.  Asynchronous Method

In the Asynchronous method, the value of a
SpaceWire TimeCode is not used to distribute any
bits of Time Information.

In the Asynchronous method, Onboard Subnetwork
Time Code consists of only a Synchronization
Service field (see Figure 4-2).

In the Asynchronous method, the number of bits of
the Synchronization Service field shall be 48.

The Synchronization Service field contains a 32-bit
value of Coarse Time and 16 bits value of Fine Time
(see Section 3.4.3).
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Asynchronous method Tld. SpaceWire TimeCode
DiEZ. FHZIFEHROEDE Y FOERFIZHLAL
ELN,

Asynchronous method Tl&. Onboard Subnetwork
Time Code I, Synchronization Service 7 4 —JL
RDAHM 575 (Figure 4-2 SHR),

Asynchronous method T [& . Synchronization
Service 74 —JLFDEY UK. 8 EY FTH
b &,

Synchronization Service 7 4 —JL FI&. Coarse
Time DfE 32 E b & Fine Time OB 16 Ew b
&80 343EBR).

Time Information

Onboard Subnetwork Time Code

Synchronization Service field

Coarse Time

Fine Time

32bits

16bits

Figure 4-2: The structure of Time Information (Asynchronous Method)
Time Information D& (Asynchronous Method)
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S.

5.1. GENERAL/ —f&

A Calibration Scheme relates time values of a clock

in the Uncorrected clock-mode to time values of a
clock in the Corrected clock-mode.

This chapter specifies the Calibration Scheme
referred to as the Spacecraft-to-Ground Calibration
Scheme, which relates time values of a Primary Clock
in the Uncorrected clock-mode to time values of a
clock in a ground station in the Corrected clock-

mode.

Section 5.2 specifies time measurement aboard a
spacecraft. Section 5.3 specifies time measurement
on the ground.
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CALIBRATION SCHEME OF SPACECRAFT TIME

Calibration Scheme [&. Uncorrected clock-mode
ErstOBZIEZE . Corrected clock-mode MEFETD
BEZIEICRIS S B,

A E TIX. Uncorrected clock-mode @ Primary
Clock MEEZIEZ . Corrected clock-mode Mt _E
BORGTORZAEELEREESELL-HD
Spacecraft-to-Ground Calibration Scheme & #3195
Calibration Scheme [Z2DWTREMH B,

52181, B2 ETCOBZEAEESHD, 5318
X, th E TORZEREZED S,
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5.2. TIME MEASUREMENT ABOARD SPACECRAFT // &2 £ TOZIEHA

5.2.1.  Common Specification / £E5E

Figure 5-1 shows the relation between the Spacecraft-
to-Ground Calibration Scheme and the lower-layer
telemetry protocols. Information required for the
Spacecraft-to-Ground  Calibration = Scheme is
transferred with one of the following protocols: the
Space Packet Protocol [A3], Spacecraft Monitor and

Control Protocol (SMCP) [A2], and AOS Space Data
Link Protocol [A4].

Figure 5-1 [Z . Spacecraft-to-Ground Calibration
Scheme & FHRIBOTLA MY TR RaLED
B % & - 9, Spacecraft-to-Ground Calibration
Scheme ICHERFEHRIE. =Z >0 70 ba:
Space Packet Protocol [A3], Spacecraft Monitor and
Control Protocol (SMCP) [A2], BT AOS Space
Data Link Protocol [A4] DI MIZ &K YIRET
.

| Time Management Functions

Spacecraft Monitoring and
Control Protocol (SMCP)

| Application Data Unit |

| Space Packet Protocol (SPP) |

| A0S Space Data Link Protocol |

Figure 5-1: Relation with other layers
fthfE & DEEtR

The value of Spacecraft Time when a specific AOS
Transfer Frame [A4] is transmitted to the ground
(hereafter referred to as Marker Transmission Time or
MTT) shall be measured.

An MTT shall be transferred to the ground by a
telemetry. A telemetry which contains an MTT is
referred to as Time Telemetry.

A spacecraft shall have a function to generate Time
Telemetries periodically.

The AOS Transfer Frame whose transmission time is
measured is referred to as a Reference Transfer Frame

and the measured point and timing in a wave form are
referred to as a Measurement Point and Measurement

Timing, respectively.
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¥TED AOS Transfer Frame [A4] & EIZEET
SR D Spacecraft Time DfE (LAFE. Marker
Transmission Time 1=l MTT &#9 5) F&HAI
TH5E,

MTT (&, TLA RYTHEICIEBESNDZ &,
MTT Z&$ T L A k1 % Time Telemetry & #79
5,

BE (L. Time Telemetries Z B RIMIZ LT S #
BEREEDOIE,

EERBZZEEAT S AOS Transfer Frame %,
Reference Transfer Frame &#d %, E£i=. KD
SRR R VAR Z. T T, Measurement
Point & T Measurement Timing & #9 %,




The Measurement Point should be the first bit of an
Attached Sync Marker [A6] attached to a Reference

Transfer Frame.

[Rational] In the specification of the SLE [R6], which
is the CCSDS standard of the ground protocol, the
Earth Receive Time is measured with the first bit of
an Attached Sync Marker ([R8], Section 3.6.2.3 in
[R6]). For consistency, measurement of the first bit of

an Attached Sync Marker is preferable.

If a Measurement Point has an offset from the first bit
of an Attached Sync Marker, the offset shall be a
constant in units of bits.

[Example] The offset in the measured position in
units of bits is +32 if the Measurement Point is not
the start but end position of an Attached Sync Marker.

A Measurement Timing should be the timing when a
Measurement Point is transmitted from a spacecraft.

If a Measurement Timing has an offset from the
timing when the Measurement Point is transmitted
from a spacecraft, the offset shall be constant time in
units of seconds.

A Time Telemetry shall be either a VALUE
Telemetry Message (hereafter referred to as a TIME
Message; see Section 5.2.2) or a Reference Transfer
Frame itself (hereafter referred to as a TIME Frame;
see Section 5.2.3).

The value of a MTT Time Code of STCC-Type 2
shall be held in a TIME Message.

[Note 1] The method of TIME Messages is
compatible with the Packet Method specified in
Section 3.3.1 of [R5].

[Note 2] A Transfer Frame which contains a TIME
Messages is generated after generation of a Reference
Transfer Frame.

The value of a MTT Time Code of STCC-Type 1
shall be held in a TIME Frame.
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Measurement Point [, Reference Transfer Frame
[Z{+FE9 % Attached Sync Marker [A6] DFEEEE
Y ETHEIRETHD,

[#B#0] th E O FaJLdD CCSDS ZE#£TH D
SLE [R6] D{E#RTIXL. Attached Sync Marker M 5
BEE v b T Earth Receive Time Z &A% ([R6]
M 3623, [R8]), BEZF LB, Attached
Sync Marker MFETEE v FDFHRIAEFE L LY,

Measurement Point A% Attached Sync Marker (%€
BEY b oA TRy FERFDBAE. TOF T
Ty bE EY FOBRMUDOBEEETHSZ &

[151] Measurement Point A% Attached Sync Marker @
KBECTHELKRETHIHEEICE. Ev DR
HOFBEADOF Ty MMI32 THS,

Measurement Timing [&. Measurement Point % f&

ENDEETHIEAI I THAINETH S,

Measurement Timing A% Measurement Point A3 2
NoREESNBIFIAI VT TEY L EH
DIFE. TOA Tty bME. BOELDEER
BTHdZ &,

Time Telemetry &, VALUE Telemetry Message (LA
f%. TIME Message & ¥ 9 5522 IBSHE) F1=
[& Reference Transfer Frame £ @M+ @ (LAF§. TIME
Frame &9 %523 BER) QAN THS
&,

STCC-Type 2 M MTT Time Code MD{E(X. TIME
Message ITREFEN S T &,

[E 1] TIME Message @A (L, [R5] 3.3.1 IEAY
EOHDB/Nry AKX EREBRELNH D,

[}¥ 2] TIME Messages % & &> Transfer Frame (X,

Reference Transfer Frame D& B IZERT 5,

STCC-Type 1 @ MTT Time Code MDEIL TIME
Frame ICRFIND &,



[Note 3] The method of TIME Frames is compatible
with the Frame Method specified in Section 3.3.2 of
[RS5].

In the SLE, information of the Bit Rate required for
the Calibration Scheme is not available. Therefore, if
a Measurement Point has an offset from first bit of an
Attached Sync Marker, the information of the Bit
Rate shall be encoded into a Value Telemetry
Message. A fixed position field of a Space Packet
which has the APID value determined by a project
shall contain this information of the Bit Rate, in order
to avoid causing unnecessary complexity in data
processing in the ground systems.

The following items shall be determined in each
project and specified in a project-specific document
using the table provided in Section 7.2.3.

- Delivery method of Sampling Timing (TIME
Message or Time Frame),

- Offset of Measurement Timing (constant in units of
seconds),

- Offset of Measurement Point (constant in units of
bits), and

- Time interval with which TIME Messages are
generated (e.g. once per five Transfer Frames).
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[E 3] TIME Frame @A R(E. [R5] 3.3.2 HAE
HZI7L—LAXEEBRENRH D,

SLE Tl&. Calibration Scheme MERT BHE v k
L—FOEBBPAFTELRL, £ T,
Measurement Point A% Attached Sync Marker (%€
BEY B ATEY FEFDEE, EVv L
— FD1E#HRE Value Telemetry Message [ZT 20
—RTBIE, MESRTFLIZETET—24
EABEULICEBICGELIDOER T L0,
project MESHT= APID {E% D Space Packet M
BIECREND I —ILEMN, COEY FL—FD
FlREzEL &,

UTOEB %, project BIZR®., 723 BITRT
RERAWT project BIEDXETEDH S &,

- BTV EAI UV TDOEBEARX (TIME
Message F F=[& Time Frame)

- Measurement Timing DA 7t v b (FOBELLD
E#)

-Measurement Point DA 7t v b (Ew FOEA
DEH)

- TIME Messages 4 K9 SRR (Hl 2 (£,
5 @@ Transfer Frames [Z—[8])



5.2.2. ' TIME Message

If TIME Messages are used, a Primary Clock
Functional Object shall be able to generate also one-
shot TIME Message as a result of executing an
Operation specified in [R7].

A TIME Message shall contain the values of the
Attributes [R7] listed in Table 5-1.

The format of the Attribute Values field [A2] of a
TIME Message is shown in Figure 5-2.

Neither a Time Code field nor Attachment field [A2]
is present in a TIME Message.

Neither blocking nor segmenting by the ADU

protocol [R1] shall be used for Time Messages.
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TIME Messages & B LV% 35 & . Primary Clock
Functional Object [&. [R7] DSTE® B Operation D
ETHERE LT, BHEO TIME Messages HHERK
AHEETHDC &

TIME Message [ Table 5-1 [Z5R9™ Attributes [R7]
DEZEL &,

TIME Message 0D Attribute Values 7 4 —JL F
[A2] DT #—< v b % Figure 5-2 IZ7R T,

Time Code 7 4 —JL F & Attachment 7 4 —JL F
[A2] DN E TIME Messages IZIEFFE LAELY,

ADU protocol [Z& 5 blocking ¥ segmenting [R1]
DN H Time Messages [ICHWVEWNZ &,

Table 5-1: Attributes held in a TIME Message (STCC-Type 2)
TIME Message IZ@R&¥FFSh B Attributes (STCC-Type 2)

(a) STCC-Type 2a

Attribute / Field Name Length Unit Definition
(bits)

VCID 6 N/A Virtual Channel Identifier (VCID) [A4] of the
Reference Transfer Frames

Virtual Channel Frame Count | 24 N/A Virtual Channel Frame Count [A4] of the
Reference Transfer Frames

MTT Coarse Time 30 second Value of the Basic Time field of the Onboard
Subnetwork Time Code of the MTT

MTT Fine Time 20 lus Value of the Supplementary Counter of the
MTT
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(b) STCC-Type 2b

Attribute / Field Name Length Unit Definition
(bits)
Reserve 2 N/A
VCID 6 N/A Virtual Channel Identifier (VCID) of the

Reference Transfer Frames

Virtual Channel Frame Count | 24 N/A Virtual Channel Frame Count of the Reference

Transfer Frames

MTT

40 31.25msec Value of the MTT

SMOP Telemetry Messaze
Telemstry ,
lMessage Attribute Attnbute Values
IO
Header
/"i ) 10 cctets - LN

“iAttachment field

{Time Code field is not present) :
is not present)

VoD Yirtual Channel WMTT WMTT
Frame Count  |Coarse Time Fine Time
s e e >
Ghits 24hits 30hits 20hits

(a) STCC-Type 2a

9 octets

reserve VOID Virtual Channel T
Frame Count

2 hits Ghits 24hits . 40hits

(b) STCC-Type 2b
Figure 5-2: Attribute Values field of a TIME Message (STCC-Type 2)

The field marked as “Reserved” shall notbe used “Reserved” &% > TWNVD 7 4 —JL KK, &
and be filled with zeros. A#xdlr, YOoTiEns L,
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The following items shall be determined in each
project and specified in a project-specific document,
using the table provided in Section 7.2.3:

- APID (specified in [A3]) of the Space Packet which
contains TIME Messages,

- Name of the Primary Clock Functional Object,

- Name of the Operation for generating a TIME
Message (only STCC-Type 2a),

- FOID (specified in [A2]) of the Primary Clock
Functional Object (only STCC-Type 2a), and

- Attribute ID of the Attribute Sequence specified in
[A2] held in TIME Messages (only STCC-Type 2a).
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UTOEB %, project BIZR®., 723 BITRT
RERAWNT project BIEDXETEDH S &,

- TIME Messages & & & Space Packet @ ([A3] AV
E & B) APID,

- Primary Clock Functional Object 0% Ff

- TIME Message %9 % Operation 0% ¥
(STCC-Type 2a D H)

- Primary Clock Functional Object @ ([A2] DMZE &
%) FOID (STCC-Type 2a D& )

- TIME Messages RSN S, [A2] BEDHD
Attribute Sequence @) Attribute ID (STCC-Type
2a DH)
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5.2.3. TIME Frame

A TIME Frame shall contain the values of the TIME Frame [&, Table 5-2 IZ7R9 Attributes D&
Attributes listed in Table 5-2. BT &,

Table 5-2: Attributes held in a TIME Frame
TIME Frame [IZ¥#EFZh B Attributes

Attribute Name Length Unit Definition
(bits)
MTT Coarse Time 32 Second Value of the Basic Time field of the Onboard
Subnetwork Time Code
MTT Fine Time 24 1/216s Value of the Supplementary Counter
The format of the Transfer Frame Data field [A4] of AOS Transfer Frame @) Transfer Frame Data 7 A
an AOS Transfer Frame is shown in Figure 5-3 —IJLEF [A4] DT #+—< v ;% Figure 5-3 [Z7R
Yo
A0S Transter Frame
Transter
Transfer Frame
Frame Trailer
Primary Transfer Frame Data Feld O perational
Header Control
Field
A ) Yares - AN
{Transfer h g {Frame Errar
Frame MTT WMTT Contral
Insert Zore | Reserve . . . Field is not
i rot Coarse Time Fine Time present)
present)

ares 32 bits 24bits
Figure 5-3: Time Frame

The field marked as “Reserved” shall notbe used “Reserved” &% > TWNVD 7 4 —JL KK, &

and be filled with zeros. RA##lT. EoTcENHDd L,
The following items shall be determined in each UTDOIERZ%. project BIZIR®. 723 IHITRT
project and specified in a project-specific document, REAWT project BHEDXETED S &,

using the table provided in Section 7.2.3:

- VCID of TIME Frames - TIME Frames @) VCID
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5.3.

For time calibration of the Spacecraft Time, a ground
station shall measure time of the timing when the first
bit of the Attached Sync Marker attached to a
Reference Transfer Frame is received (Earth Receive
Time).

Note that the Earth Receive Time can be related to the
sampled timing of the Spacecraft Time (MTT) with
correction for delays in propagation and processing.

[Note] The Earth Receive Time is carried with
telemetry in the ground subnetwork as specified in
[R8] and [RI].
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TIME MEASUREMENT ON THE GROUND // #t EIZ# 1+ 5 B5ZI5H:E]

Spacecraft Time ZRFZIKRIET 5-HIC, HER
|& Reference Transfer Frame IZ{ffE9 % Attached
Sync Marker MSEFEE Y FERELIZFA I
J DOBEZ (Earth Receive Time) Z&HEIT 5
&Es

Z Z T. Earth Receive Time &, {Gi& & WIEBDE
EEMWIET 5E T, Spacecraft Time ZH 2 FIL
L=24 3249 (MTT) EREATITTE S,

[3¥] Earth Receive Time [, [R8] BT [RI] DR
EICHEL, TLAMYEHICHES TRy FD
— 9 LTEIFND,
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SYNCHRONIZATION SCHEME AND DESCREATE TIME

ADJUSTMENT SCHEME OF SPACECRAFT TIME

6.1. GENERAL/ —f&

This chapter specifies the function required to
maintain the time accuracy of the Primary Clock in
the Corrected clock-mode. In Section 6.2, the Time
Adjustment Scheme using a clock in a ground station
is specified. In Section 6.3, the Synchronization
Scheme using a GPS receiver is specified.

6.2.

ARETIX. Corrected clock-mode @ Primary Clock
DEFZREDHFICERINIBEZTED D,
62 HTIX, MERDOKEHZEEAT S Time
Adjustment Scheme #E & 5, 6.3 ITIL, GPS &
{E# T % Synchronization Scheme [ZDLVT
EDH B

DESCREATE TIME ADJUSTMENT SCHEME WITH A CLOCK IN A GROUND

STATION // s LB DEEIZ & D DESCREATE TIME ADJUSTMENT SCHEME

The Discreate Time Adjustment Scheme shall
specify the method to make multiple clocks have the
same time value.

The Discreate Time Adjustment Scheme shall
guarantee the time accuracy of the clocks for a certain
period after an operation of adjustment is performed.

Each project shall specify the Discreate Time
Adjustment Scheme with a clock in a ground station
if needed.

6.3.

Discreate Time Adjustment Scheme |&, 281D Bt
ZRICHZEICT 2 AEEZEDD &,

Discreate Time Adjustment Scheme £, ##1E D #&{E
DETHRO—ERHE. HETORZIBEEZRIEYT
5,

% project [, BEICTIE L., M EBHDEFEIZELD
Discreate Time Adjustment Scheme ZE&H B Z &,

SYNCHRONIZATION SCHEME WITH A CLOCK WITH A GPS RECIVER

GPS ZEBADEET & D SYNCHRONIZATION SCHEME

The Synchronization Scheme shall specify the
method to make multiple clocks have the same time
value.

The Synchronization Scheme shall guarantee the
time accuracy of the clocks for the duration while its
function is active.

Each project shall specify the Synchronization
Scheme with a GPS receiver if needed.
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Synchronization Scheme (. E#HODEE % E CF
WEICT 2HEEEDD Lo

Synchronization Scheme &, ZDHEEN TV T«
TTHHH. HADOBZBEEZRIET S &,

£ project 1. BEIZH L. GPS ZEHED
Synchronization Scheme ZE®H 5 Z &,
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7. METHOD TO SPECIFY MANAGED PARAMETERS IN EACH
PROJECT // PROJECT BEE 1 MANAGED PARAMETERS DEHH

71. GENERAL/ —f#&

This chapter presents the method to specify values
of the project-specific managed parameters for Time
Management.

The managed parameters for Time Management are
tabulated in the tables in this chapter. Every project
shall specify all the parameter values in all the tables
and shall present them in a project-specific
document, using the corresponding tables in this
chapter, including the notes in and below each table
if any, as the template.

[Example] Appendix B presents an example of
specifying the values of the managed parameters for
Time Management used for a project.

AETIL. project EH % Time Management @
managed parameters DIEDEDHHZETRY

Time Management ) managed parameters (&, 7%
BEORIZHEEIND, fAINLD project . £T
DRIZHDETDNTA—FDEZEZED.
project EEDXETRTT S &, TORE.
RUTEIAREDRETIL—LELTH
L. RRBETHOERBLE (BN EH
&,

[B1] & 5 project AAFHLYS Time Management (M
managed parameters Ol % & & 7=451 & Appendix
BIZRY,

7.2.  SPACECRAFT MONITOR AND CONTROL PROTOCOL

7.2.1.  Spacecraft Time

The values of the managed parameters related with
Onboard Subnetwork Time Code (see Chapter 3 in
this document) shall be specified in a form of Table
7-1.

Onboard Subnetwork Time Code (ARED 3 ES
H8) ICBEEY % managed parameters DIEIE.
Table 7-1 DX TEDH S &,

Table 7-1: Values of the managed parameters related with Onboard Subnetwork Time Code
Onboard Subnetwork Time Code [ZRE3# 9 % managed parameters D{E

Managed Parameter Name Allowed Value Unit / Note
Type of the Spacecraft Time Code Either STCC-Type 1 or STCC-Type -
Combination 2a
The operation mode of onboard clocks Either Corrected clock-mode or
Uncorrected clock-mode
For Corrected clock-mode
Epoch GPS or TAI
Long-term accuracy of Primary Clock for (Recommended value is +0.5 sec) Second
clock correction
Maximum invalid time value (Recommended value is 10 X 365 Second (from
X 86400 sec (~10 years)) the epoch)
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7.2.2.  Distribution of Spacecraft Time

The values of the managed parameters related with Spacecraft Time B2f§ (RAED 4 ESHR) IZH
distribution of Spacecraft Time (see Chapter 4 in # ¥ % managed parameters D{BEIL, Table 7-2
this document) shall be specified in a form of Table DHRATEDSDC &,

7-2.

Table 7-2: Values of the managed parameters related with distribution of Spacecraft Time
Spacecraft Time B3 (ZBIE T 5 managed parameters D{E

Managed Parameter Name Allowed Value Unit / Note
Nodes to which the Spacecraft Time is ---
distributed
Protocol One of SpaceWire-RMAP, SpaceWire- | ---
PTP or SpaceWire-R
Lower bits of Space Time SpaceWire TimeCode or Absent -

7.2.3.  Calibration Scheme of Spacecraft Time

The values of the managed parameters related with TIME Messages & TIME Frames (RZE®D 5 ES
TIME Messages and TIME Frames (see Chapter 5 H2) (ZBE&E9 % managed parameters DIEIL.

in this document) shall be specified in a form of Table 7-3 DX TEH D &,

Table 7-3.
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Table 7-3: Values of the managed parameters related with TIME Messages and TIME Frames
TIME Messages & TIME Frames [ZB8#9 % managed parameters M{E

Managed Parameter Name

Allowed Value

Unit / Note

Sampling Timing delivery method

Time Message / Time Frame

Time interval with which Time Messages are
generated

Offset of a Measurement Point from the first bit
of an Attached Sync Marker

(Constant)

Bits

Offset of Measurement Timing from the timing
when a Measurement Point is transmitted from
a spacecraft

(Constant)

Seconds

Value Telemetry Message definition of the Bit Rate Information (*1)

VCIDs

APIDs

Attribute IDs

Position from the head of a Space Packet

Octets

Bit Position

Bits

Number of bits

Bits

Definition of the value

Time Message (STCC-Type 2a, STCC-Type
2b) only

APID of the Space Packet which contains a
Time Message.

Name of the Primary Clock Functional Object

Time Message (STCC-Type 2a) only

Name of the Operation for generating a Time
Message

FOID of the Primary Clock Functional Object

Attribute ID of the Attribute Sequence held in
Time Messages

Time Frame (STCC-Type 1) only

VCID of Time Frames.

*1: This information is required if ‘difference in measured position in units of bits’ is non-zero.
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APPENDIX A. ACRONYMS // B&EE

This chapter lists the acronyms used in this
document.

AOS
APID
cucC
FOID
GPS
MTT
SCDHA
SLE
SMCP
STCC
PTP
RMAP
TAI
™
UTC
VCID

Advanced Orbiting System

Application Process Identifier

CCSDS Unsegmented Code

Functional Object Identifier

Global Positioning System

Marker Transmission Time

Standard of Communications and Data-Handling Architecture
Space Link Extension

Spacecraft Monitor and Control Protocol

Spacecraft Time Code Combination

Packet Transfer Protocol

Remote Memory Access Protocol

Temps Atomique International (International Atomic Time)
Telemetry

Coordinated Universal Time

Virtual Channel Identifier
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APPENDIX B. EXAMPLE OF MANAGED PARAMETERS USED FOR A
PROJECT// PROJECT A FLYS MANAGED PARAMETERS D4

B.l. GENERAL/ —f&

This chapter gives an example of specifying the AEF, YO TILOBEZLZRAL.H S project H
properties of the Time Management used in a project FULv% Time Management D45 ZEEDH S61%
with a sample spacecraft. This chapter is not a part TY . REIE, KENTTHHFO—ETILA
of the specification given in this document. (A

B.2. SPACECRAFT MONITOR AND CONTROL PROTOCOL

B.2.1.  Spacecraft Time

The managed parameters related with Onboard Onboard Subnetwork Time Code (SCDHA8 3 &5
Subnetwork Time Code (see Chapter 3 in SCDHAS) H2) IZBE&E 9 % managed parameters [&. Table B-
shall have the values listed in Table B-1. lIZRYEEZHEDC &,

Table B-1: Values of the managed parameters related with Onboard Subnetwork Time Code
Onboard Subnetwork Time Code IZB83# 9 % managed parameters M1

Managed Parameter Name Allowed Value Unit / Note
Type of the Spacecraft Time Code STCC-Type 2a -
Combination
The operation mode of onboard clocks Corrected clock-mode

For Corrected clock-mode

Epoch GPS -

Long-term accuracy of Primary Clock for *0.5 Second
clock correction (*1)

Maximum invalid time value (*1) 10 x 365 x 86400 Second (from
the epoch)
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B.2.2.  Distribution of Spacecraft Time

The managed parameters related with distribution of Spacecraft Time B2f§ (SCDHAS 4 ESHR) IZH
Spacecraft Time (see Chapter 4 in SCDHAR) shall # ¥ % managed parameters &, Table B-2 [Z7RY
have the values listed in Table B-2. Exwmol &,

Table B-2: Values of the managed parameters related with Distribution of Spacecraft Time
Spacecraft Time BE{E[ZBIE S 5 managed parameters DIE

Managed Parameter Name Allowed Value Unit / Note
Nodes to which the Spacecraft Time is PI1-A, PI1-B, PI2-A, PI12-B ---
distributed
Protocol SpaceWire-RMAP ---
Lower bits of Space Time SpaceWire TimeCode -

B.2.3.  Calibration Scheme of Spacecraft Time

The managed parameters related with TIME TIME Messages & TIME Frames (SCDHAS 5 &
Messages and TIME Frames (see Chapter 5 in S M) ICEAE 9 % managed parameters [&, Table
SCDHAS) shall have the values listed in Table B-3. B3 [CRIEZRHDOI &,
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Table B-3: Values of the managed parameters related with TIME Messages and TIME Frames
TIME Messages & TIME Frames (B389 % managed parameters M {E

Managed Parameter Name Allowed Value Unit / Note
Sampling Timing delivery method Time Message
Time interval with which Time Messages are 128 Transfer Frames -—-
generated
Offset of a Measurement Point from the first +32 Bits
bit of an Attached Sync Marker
Offset of Measurement Timing from the timing | 0O Seconds
when a Measurement Point is transmitted from
a spacecraft
Value Telemetry Message definition of the Bit Rate Information (*1)
VCIDs 0
APIDs 100h
Attribute IDs 00h
Position from the head of a Space Packet 20 Octets
Bit Position 0 Bits
Number of bits 8 Bits

Definition of the value

00h: 32kbps, 01h:256kbps

Time Message (STCC-Type 2a, STCC-Type
2b) only

APID of the Space Packet which contains a 123 -—-
Time Message.
Name of the Primary Clock Functional Object | Clock FO -—-

Time Message (STCC-Type 2a) only

Name of the Operation for generating a Time

Generate_Time Message

Message
FOID of the Primary Clock Functional Object | 216Bh -—-
Attribute ID of the Attribute Sequence held in 02A1h -

Time Messages

Time Frame (STCC-Type 1) only

VCID of Time Frames.
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*1: This information is required if ‘difference in measured position in units of bits’ is non-zero.
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