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VER. | DATE ITEMS
0.1 16 May 2007 | Draft
0.2 30 Aug. 2007 | Red: Revised Part
Only Turbo code support -> Concatenated code and Turbo code are selectable,
Transfer Frame Trailer in Turbo Code is CLCW and CRC ->
CLCW in Transfer Frame Trailer and Fill Data in Transfer Frame Insert Zone .
(Section 4.1, 4.1.1, 4.1.1(4), 4.1.1(5), 4.5, 4.6, Figure 4.1.1-1 ~ 4.1.1-4,
Figure 4.5-1~2, Table 4.5-1~2)
Time Line is prohibited to call Long Macro Command. ->
Time Line is able to call Long Macro Command. (Section 3.2.2)
APID of DR and TCIU is added. (Table 3.1.2-2, 4.2-2)
Component Name is changed.
MDP1 -> MDP-DPU1
MDP2 -> MDP-DPU2
PCU -> PCD
MMO SpaceWire User’'s Manual (TBD) is added in Applicable Documents.
Memory Load/Dump support on SpaceWire RMAP (Remote Memory Access Protocol ) is
added.(Section 5)
Report Packet -> Report Telemetry
User Packet -> User Telemetry
Mission Packet -> Mission Telemetry
HK Packet -> HK Telemetry
Usage of DR is updated. (Section 6.2, 6.3)
Constraint on Time TICK is added. (Table 4.3-1)
03 28 Feb. 2008 Blue: Revise_d Part _ _
Insert Zone is changed to CRC in Transfer Frame Trailer
The name of Processing Frame is changed to Processing Slot
The name of “MMO SpaceWire User's Manual” is changed to “MDP Payload
Interface Requirement Document”
Discrepancy about Maximum number of registration time for system timer
command is corrected (8 in apanese, 32 in English -> 8 is correct)
Maximum number of autonomous command registration is changed from 32 to 64
Following description about sequence count check is added.
If the number of sequence count of command packet is the same as that of
previously received command, user component should neglect the command.
The name of Packet Message Memory Load/ Dump is changed to Memory Load/
Dump. The name of RMAP Direct Memory Load/ Dump is changed to Memory
Load / Dump (RMAP)
10 Mar. 2010 Official Release for CDR

The following items have been revised in this version. Each revised part is
indicated with red-coloured letters in the text.

Devided Section 2.1 into Section 2.1 “Applicable Documents”and 2.2 "References"
and updated.
Added Section 2.3 "Definitions”

Requirement of sequence count check is deleted in section 3.1.2.

Revised Table 3.1.2-2, Table 4.2-2.
Components name in APID is revised.
Components extention bits in APID is clarified.
Definition of broadcast command is clarified.
Definition of System HK Telemetry is clarified.
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VER.

DATE

ITEMS

1.0

Mar. 2010

Added explanation that component shall receive realtime and stored command.
(update due to EM test #2)

Space Craft ID is assigned in Table 3.1.4-1, Table 4.5-1.

Deleted explanation of MPO Packet Structure in section 3.1.6 and 4.7.
Data type ID for MMO Data Block is assigned in Table 3.1.6-4 and Table 4.7-3.

Added explanation that parameter no.l is necessary for serial magnitude
command in figure 3.2.1-1 and section 3.2.1. (update due to EM test #2)

Operation Mode Change Command format is updated in Table 3.2.1-2.

Time interval unit of Long Macro Comamnd is corrected in Table 3.2.2-1.
(2s unitin Table 3.2.2-1, while 1s unit in sentence -> 1s unit is correct)

Explanation of autonomous command is appended in section 3.3.2.2.

Revised Explanation of ADU in section 4.1.1 and in Figure 4.2-2.

Added information of corresponding Packet Sequence Flag for each ADU in Table
4.2-2.

Added explanation that ADU Length in secondary header is defined by byte in
Table 4.2-3.

DMC report packet format is changed back to Hayabusa format inTable 4.2-4.

Explanation of memory load and memory dump in section 5 is appended.

Number of DR Partition is changed (256 -> 192) in section 6.1 (4).

System HK Telemetry maximum size is clarified (864byte MAX) in section 6.1(5).

Added Figure 6.3-1 (schematic overview of DR and category usage).

Overall
MMO data block is classified into MMO TC data block and MMO TM data block.

Overall
HK Telemetry is classfieied into System HK Telemetry and User HK Telemetry,
and the explanation is appended. (in section 3.3.2.2, section 4.1.1, in Table 4.3-2,
in section 6)

Overall
TBC and TBD are deleted except for following item
Table 3.2.1-2 Operation Mode Change Command format
User Packet Acquisition when Operation mode change command is executed
in Table 3.2.1-2
Memory Load/dump applicability for PCD and MEA1,2




MMO-C-TCDC Ver. 1.0 (Mar.2010)

REVISED PAGE LIST

JAXA/BepiColombo Project Office, ISAS/JAXA

page Revision | page Revision | page Revision | page Revision | page Revision
1 1.0 45 1.0 89 1.0
2 1.0 46 1.0 90 1.0
3 1.0 47 1.0 91 1.0
4 1.0 48 1.0 92 1.0
5 1.0 49 1.0 93 1.0
6 1.0 50 1.0 94 1.0
7 1.0 51 1.0 95 1.0
8 1.0 52 1.0 96 1.0
9 1.0 53 1.0 97 1.0
10 1.0 54 1.0 98 1.0
11 1.0 55 1.0 99 1.0
12 1.0 56 1.0 100 1.0
13 1.0 57 1.0 101 1.0
14 1.0 58 1.0 102 1.0
15 1.0 59 1.0 103 1.0
16 1.0 60 1.0 X

17 1.0 61 1.0

18 1.0 62 1.0

19 1.0 63 1.0

20 1.0 64 1.0

21 1.0 65 1.0

22 1.0 66 1.0

23 1.0 67 1.0

24 1.0 68 1.0

25 1.0 69 1.0

26 1.0 70 1.0

27 1.0 71 1.0

28 1.0 72 1.0

29 1.0 73 1.0

30 1.0 74 1.0

31 1.0 75 1.0

32 1.0 76 1.0

33 1.0 77 1.0

34 1.0 78 1.0

35 1.0 79 1.0

36 1.0 80 1.0

37 1.0 81 1.0

38 1.0 82 1.0

39 1.0 83 1.0

40 1.0 84 1.0

41 1.0 85 1.0

42 1.0 86 1.0

43 1.0 87 1.0

44 1.0 88 1.0




MMO-C-TCDC Ver. 1.0 (Mar.2010)
JAXA/BepiColombo Project Office, ISAS/JAXA

CONTENTS
[Telo]oLcl o) 7AYo o] o 11 o] 1) OSSP 1
AN o] o] [Tor=To] Lo ool 134T £ PSSR 1
2.1 (AN oo [Tor=T o] Lo B ool 100 T £ S 1
2.2 (R (= EE 0= PSSR 1
2.3 (2] {1 T 10 To] ) OSSPSR 2
(0711100 13 To ) TSP 3
3.1 COMMANG DALA SEIUCKUIE .......uiitieeieieeti ettt bttt sttt b e b et s e e bt b et et e bt be st e e e s e ebe e 3
311 (O 1011 113 PSSR 3
3.1.1.1 Outline in Mercury Orbit Phase.......c.cccciiiieiieieiiiieiese et 6
(¢D)] ((MMO) PACKEL LAYE) ..c.veeeeeeieic sttt 6
(2 (Segmentation LAYEN) ......cccveieieeieie e 7
(©)] (TraNSTEE LAYE) c.vveveeiecieceee ettt 7
4 (COUING LAYEL) 1.ttt sttt sttt e testa e e e aestesneenaesaesneeneas 8
(5) (RN AT [ I T o SR 8
3.1.1.2 OULIINE IN CrUISE PRASE ....c.viueiiietiiieeeeete sttt bbb eb et s 12
(1) MPO Packet / MMO Data Block (MPO Packet / MMO Data Block Layer) .................... 12
3.1.2 TC Packet (MMO TC Packet) FOMAL .........cccvevieiiiiieieie e seeee e se et 14
3.1.3 TC SEOMENE FOMMAL.....c.viitiiiieieeite ettt et ie ettt et e et e et e e be et e et e be e be e beebeebeebeebeebeeseeteennes 17
314 TC Frame FOIMAL ... .ccueeiiiteeieeiese ettt b et b e sb e e e b e b e e b e e e b e e b e e ne e e e nbesreenes 20
315 CLTU FOMMAL. ....ctiitieiietesie ettt sttt bt e e e b e e b e e s e e b e eb e e se e s e e b e sb e e beeseenbenbeeneenenbesreenes 22
3.1.6 MPO TC Packet and MMO TC Data BIock FOrmat ..........ccoooviiiiiiiiiiciseeeese e 22
3.2 Command Data (Command type & Data FOrmat) ........cccccevvevveveveieeiesese s, 23
KT 10T | L= @011 17 oo SRS 23
(1) Control CommAaNd PACKEL ...........ccueriiieiiicieie ettt eesaesreene e 27
(2) User Data Command PACKEL...........c.cceiiiiieieieie et e ettt sre e esaesneenens 30
(3) Memory Load Command PACKEL..............cceriiieiieieiese ettt 30
K I \V/ - Tod (o T @] 0101107V o I (1Y ) IS 31
3.3 (Command Operation SChEME).......cccceiiiiieieie e 36
3.3.1 Real Time ComMMANG (RT) ..ouveveiieiieeieiiesie e et esie e ste et e e e ste et e ste e esaessesreeseeseeseesreeneeaesaeaneenes 36
3.3.2 (Stored CoOMMANG) .....ccecieieece e sre s 36
IO 000 A I 1= T () PSSP 37
3.3.2.2 Onboard Trigger COMMEANG........cc.coiiieierieie s se ettt e e ra e saesreena e e e neesreeneens 40
(¢D)] (Multipurpose Autonomous Command, AT)......ccecevererieerene e 40
(2) User Request Command (RQ) ......coveiieiiiieieieseeeesiesie e ee e te et stesse e e sae e snee e e seesseeneens 44
(3) System Timer ComMMANG (ST) ...iceeiiie et eeaesreene e 44
(4) DMC Fault Detection, Isolation and Re-configuration command (FDIR) ...........c.cccceevveivenenn. 45
3.3.3 Broadcast COMMENG.........ccoiiuiiiiiisierie ettt sttt e et b e bbbt b e b e e e bt besbe e e neebe b 45



MMO-C-TCDC Ver. 1.0 (Mar.2010)
JAXA/BepiColombo Project Office, ISAS/JAXA

3.4 (Command OULPUL PIIOFItY) .....ecveieriiieiee e 46

4 QI L=T0005] 1Y PSS 47
4.1 (O 011 11T TSSOSO 47
4.1.1 Outline in Mercury Orbit PRASE ........ccvciveiiiiiiieie ettt sa e re e 50

(1) ADU (Application Data UNIt) .......ccooeiiiieieie et 50

(2 ((MMO)TM Packet) (Generation of (MMO)TM Packet) .... 51

(3) Transfer Frame (Generation of Transfer Frame) .........ccccooevevevvcieevese e 54

(4) Coded Transfer Frame (Generation of Coded Transfer Frame) ..........c.ccocevevevivnnnnne. 54

(5) PCA_PDU(Physical Channel Access Protocol Data Unit) ..o, 55

4.1.2 OULIING TN CrUISE PRESE ......veveiieiieiistesteee ettt bttt st e b e sb et eene b e 60

(1) MPO Packet / MMO Data Block ~ (MPO Packet / MMO Data Block Layer) ..................... 60

4.2 TM Packet (MMO TM PaCKet) FOIMAL.........ccciiviieriiriecieierie e seeieste e sae e re e enes 62
4.3 Telemetry QI LET000C] (A 1Y =) ISR 69
.4 M _PDU FOMMAL..... ettt ettt et e et e e kb e e sae e e sabe e e abe e e be e e bbeeasbeeenbeeenbeaennaennneens 71
4.5 Transfer Frame /Coded Transfer Frame FOrMAL ...........ccocoiiiiiiiniiieeese e 73
4.6 SYNC MATKET ...ttt b e bbbt b e bt e Rt e bt e b e sb e e e bt e bt s b e b e st e besbesb e s eneabe st ns 77
4.7 MPO TM Packet and MMO TM Data BIOCK FOrMAL...........ccouiiriiiiiiieieecseseeee e 78

5 (Onboard Memory ManagemMENL) ..........cceieieiieeiereseeeesee e se s see e e e e e sreeeeseeseeaneens 80
5.1 Program (Program StOFAGE) .......verververieeieiesiesieeeeseestestessaeseestesseeseesaesaesseeseenseseesseenens 80
5.2 EEPROM (Rewriting of EEPROM) ......ooviiiiiiccce e 80
5.3 EEPROM  Verification (Verification of the contents of EEPROM) .........cccccoveveieve e, 85
5.4 EEPROM RAM Load VErfiCatioN ....oveiiiiicee e 92
5.5 Memory Load/Dump (Components for Memory Load/Dump) ........cccccevevverenesieeiieniesinennan, 92

6 Category (How to use Category)(TENtAtiVE)..........cvevvereriiieieie s 93
6.1 (GENEIAl QULIING) ..ttt sttt st e te e e e s reene e e e ntesneeneas 93

[ O 1T o YRS 93

(2) Category Definition TabIe ........ocviiiiiiiicec e 95

[0 T =3 ] SRS 96

[ I U o] o SRR 96

(5) HK (HOUSE KEEPING) .. vevveuiervetiitietieite st eteeie e steeaesteste s e esaeaestestaesaesesaessaesaesesaeansessensesseasens 97

(6) Mode (Determination of Spacecraft Operation Mode) .........ccccceecevviiveienesnenn, 98

6.2 Data (How to record the data) .........cccveeeiieiiieceee e 100
6.3 Data (How to reproduce the data) .........ccocevereiieiicrc e 100

7 (O 11T ISR 103
7.1 (Double ComMMANG) .......ccoveieiieieie e sresreens 103
7.2 Toggle Command (Prohibition of Toggle Command) ..........ccccoveveieiiiieciece e, 103



MMO-C-TCDC Ver. 1.0 (Mar.2010)
JAXA/BepiColombo Project Office, ISAS/JAXA

(Scope of Application)

MMO

This document is applied to the Telemetry & Command design of the components onboard MMO.
If this document includes something doesn't fit to your component, please contact the system side.

(Applicable Documents)

2.1 (Applicable Documents)
(1) MMO (MMO Component Electrical Design Criteria) (JX-MMO-C0005)
(2) MMO SpaceWire (MMO SpaceWire Network Specifications)
(IX-MMO-DMC-0001) (for MDP and PCD)

(3) MDP Payload Interface Requirement Document (JX-MMO-MDP-0001)  (for other sensors)

2.2 (References)

(1) T™ Synchronization and Channel Coding (CCSDS 131.0-B-1)

(2) Space Packet Protocol (CCSDS 133.0-B-1)

(3) Telecommand Summary of Concept and Rationale (CCSDS 200.0-G-6)

(4) TC Synchronization and Channel Coding (CCSDS 231.0-B-1)

(5) TC Space Data Link Protocol (CCSDS 232.0-B-1)

(6) Advanced Orbiting Systems, Networks and Data Links:
Summary of Concept, Rationale, and Performance (CCSDS 700.0-G-3)

(7) AOS Space Data Link Protocol (CCSDS 732.0-B-2)

(8) Space Engineering, Ground system and operations — Telemetry and telecommand
packet utilization (ECSS-E-70-41A)

(9) MMO Interface Requirement Document (MMO IRD) (BC-EST-RS-02181)

(10) (Functional Model of Spacecraft (FMS)) (GSTOS 201-0.6)
(11) (Spacecraft Monitor & Control Protocol (SMCP))
(GSTOS 200-0.7)
(12) sSMCP MMO (Rules for Applying SMCP to MMO (RASM))

(GSTOS 280-0.1)
(13) MMO Telemetry / Command List (JX-MMO-0014)
(14) MMO MDP DMC/DR Usage Definition Document (JX-MMO-MDP-0004)



MMO-C-TCDC Ver. 1.0 (Mar.2010)
JAXA/BepiColombo Project Office, ISAS/JAXA

2.3 (Definition)

Note: Format Field bit
MSB

Note: If a field of the format described in this document expresses the
numerical value, the first bit of the field is MSB (Most Significant Bit).
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(Command)

3.1 Command Data Structure
3.1.1 (Outline)

(Mercury Orbit Phase) MMO
CCSDS(Consultative Committee for Space Data Systems)

TELECOMMAND
CCSDS Space Packet (TC
Packet)
CCSDS Randomizer
Frame CRC(Cyclic Redundancy Check)
Frame Randomize BCH(Bose-Chaudhuri-Hocquenghem Code)(56,7)
COP(Command Operation Procedures)-1 Frame Level
Frame Go-Back-N ( Data Frame
Frame )
ARQ(Automatic Repeat reQuest) 1 ARQ(Frame
)

In the MMO satellite of Mercury Orbit Phase, TELECOMMAND, one of the CCSDS
(Consultative Committee for Space Data Systems) Recommendations, which is now the
international standard, is applied as the data transfer method in the similar way as
“HAYABUSA”. It is shown below for details.

Data Transfer Unit: TC Packet of CCSDS Space Packet format is the unit of
transmission.

Guarantee of bit transition: The randomizer defined in the CCSDS Recommendation is
used.

Error Correction Method: BCH cording (56,7) and CRC (Cyclic Redundancy Check)
cording(for the TC Frame) are used.

Retransmission Control:

COP-1 (Retransmission method of Flame level) is used.
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Mercury Orbit Phase MMO CCSDS command
Table 3.1.1-1 (Cruise Phase)
Table 3.1.1-2 Packet
Cruise Phase  MPO Packet

The relation between CCSDS command layer and Network element in Mercury Orbit
Phase is shown in Table 3.1.1-1. In the same way, the relation between them in Cruise Phase is
shown in Table 3.1.1-2. In each phase, User components should just understand the layer higher
than Packet layer. In this document, the layer below MPO Packet in Cruise Phase is not defined.

Table 3.1.1-1 CCSDS command layer and Network element  (Mercury Orbit Phase)

Application Process | Procedure » | O
System Management O
(MMO) Packet SIB - -0 o - N
Segmentation O O
Transfer O O
Coding o - -0 O - -0
Physical o - -0
Layer User Satellite Ground C&DH DMC | Component
Control System and
MDP
—_ —> ——> ——>
RF SpaceWire
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Table 3.1.1-2 CCSDS command layer and Network element  (Cruise Phase)

Application Process | Procedure » | O O
System Management O
(MMO) Packet SIB - - O - -0
MMO Data Block O -0 O -
MPO Packet O a
O - -0
Layer User MMO MPO MPO DMC | Component
Ground Satellite and
System Control MDP
&
Ground
System

> ——> ——> ——»
FTP RF 1553B SpaceWire
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3.1.1.1 OQutline in Mercury Orbit Phase

Mercury Orbit Phase MMO Command
Figure 3.1.1.1-1

In the following, it is shown the outline of the command transmission flow from the ground
system for MMO in Mercury Orbit Phase (Refer to Figure 3.1.1.1-1).

1) ((MMO) Packet Layer)
TC Packet (MMO TC Packet) (Generation of TC Packet (MMO TC Packet))

Command TC Packet TC Packet 3.1.1.2 MPO

TC Packet MMO TC Packet TC Packet CCSDS
TC Frame MMO TC Packet 1016bytes
1TC Packet 1TC Frame( 1024bytes)
3.1.1.2 Cruise  MPO
TC Packet 208bytes Command /
SIB(Satellite Information Base)

Command Command Data
Command Command TC Packet

Command 3.2 3.2.2 3.3.2
TimeLine / Macro TC Packet

32bytes

Each command is sent as TC Packet. The TC Packet is especially called as MMO TC Packet
to be distinguish from MPO TC Packet described in 3.1.1.2 . Each TC Packet is inserted into
the TC Frame defined by CCSDS. In the case of MMO, the length of the TC Packet is
determined to be shorter than 1016bytes. Therefore, one TC Packet is inserted into one TC

Frame (maximum length is 1024bytes). (As described in 3.1.1.2 , the maximum length of TC
Packet is however limited to 208bytes through MPO in Cruise Phase.) This is for preventing the
complicatedness of division/combination of Command. Actually, by registering a Command
name and Command data for SIB (Satellite Information Base), Command name is used in the
procedure document. Satellite control ground system performs conversion to TC Packet from a
Command name.

The types of commands are defined in the subsection 3.2 . The maximum TC Packet length
of onboard stored command called as TimeLine / Macro, described in 3.2.2 and 3.3.2 , is
32bytes.
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(Segmentation Layer)

TC Segment (Generation of TC Segment)
MMO 1TC Packet 1TC Frame
TC Frame TC Packet TC Packet
TC Frame Segmentation
Segment Header  TC Packet TC Segment

In the case of MMO, one TC Packet is inserted into one TC Frame, as explained above.
However, for the future extension, the Segmentation function is also installed in DHS and
Ground System in order to deal with the case "(TC Frame length) < (TC Packet length) ". (By
the segmentation function, the TC Packet is divided into TC Segments, and each TC Segment is
inserted into the TC Frame respectively.) Therefore, the Segment Header is added to the head
of each TC Packet, and the TC Segment is generated even when the TC Packet is not divided.

(3) (Transfer Layer)
TC Frame (Generation of TC Frame)

TC Segment TC Frame Header CRC Cyclic Redundancy
Check 16bits  Frame Word ( FECW:
Frame Error Control Word) TC Frame Header TC Segment
FECW(16bits) TC Frame TC Frame TC Packet

VC(Virtual Channel) 1ch MAP(Multiplexer Access Point) DMC Hard Decode
Command Command Program Load Data 3

"TC Frame Header + TC Segment” are inputted into CRC Cyclic Redundancy Check
encoder and 16bit FECW(Frame Error Control Word) is generated. Then, the TC Frame is
generated as "TC Frame Header + TC Segment + FECW". The length of TC Frame is variable
(adjusted to the length of the TC Packet).

MMO has only one VC (Virtual Channel) and three MAP (Multiplexer Access Point); one is
for the DMC Hard Decode Command, next is for Normal Command, the last is for the long data

transmission such as Program Load.
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(4) (Coding Layer)
CLTU (Command Link Transmission Unit ) (Generation of CLTU)
TC Frame Bit Transition Randomize
Randomize TC Frame BCH 56bits 7bits  Check Bit  1bit
Filler Bit (=0)
TC Data Start Sequence 16bits (EB9OH )
CLTU Tail Sequence 64bits
(C5C5C5C5C5C5C579H) CLTU 1CLTU 1TC Frame

TC Frame is randomized in order to insure the bit transition. Randomized TC Frame is
encoded by BCH encoder; Parity Check Bit (7bit) and Filler Bit (1bit, =0) follow the each 56bits
of Randomized TC Frame.

Start Sequence (16bits)(=EB90H) is added at the head of encoded TC Data and Tail Sequence
(64bit)(=C5C5C5C5C5C5C579H) is added at the tail of them. This is called as CLTU
(Command Link Transmission Unit).

One CLTU includes one whole TC Frame.

(5) (Physical Layer)
CLTU Acquisition Sequence Acquisition Sequence "0
"1"  16bytes CLTU Idle Sequence
Idle Sequence "ot M1t 1byte
PSK PM
Physical Layer Operations Procedures (PLOPs) PLOP-2 PLOP-2
CLTU CLTU
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The Acquisition Sequence is added to the first CLTU as preamble. The pattern of the
Acquisition Sequence is alternating "ones" and “zeros" (The minimum length is 16 bytes.). The
Idle Sequence is provided for maintenance of symbol synchronization in the absence of CLTUs.
The bit pattern is a sequence of alternating "ones" and "zeros" (The minimum length is 1 byte.).

The carrier is PSK-PM modulated by the signal described above.

PLOP-2 is adopted for Physical Layer Operations Procedures. PLOP-2 is a procedure
whereby the physical telecommand channel is not deactivated after each transmitted CLTU.



0T

User Data

(MMO) TC Packet

TC Segment

6bytes  1010bytes MAX ™"

PH [ A

lbyte

sH || PH] A

Sequence Flags = 11

1016bytes MAX 2

1017bytes MAX

Sbytes
TC Frame FH

SH||PH] A

Randomize

Randomized TC data

NOTE :)

2bytes :
CRC | 1024bytes | FH|| sH || PH| B1 CRC| | FH|| SH | B2 CRC
MAX |
Randomized TC data Randomized TC data
S— -

PH: TC Packet Primary Header

SH: TC Segment Header
FH: TC Frame Header

Figure 3.1.1.1-1

PH| B

SH ||PH Bl

Sequence Flags = 01

SH | B2

Sequence Flags = 10

—

Not applicable to MMO

“! In Cruise Phase, the maximum length is 202bytes.

“2 In Cruise Phase, the maximum length of TC Packet is 208bytes.

Summary of command data flow in Mercury Orbit Phase (1/2)

VXVC/SVSI ‘90140 103[01d oquiojoD1dag/vXV e
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#

Randomize

Y

BCH encoding

Randomized TC data

I\

U
56 bits -

TC Data | Parity Check Bits | Filler Bit
56 bits 7 bits 1bit(0)

Encoded TC data

Randomized TC data

Encoded TC data

CLYU

| Encoded TC data | | Encoded TC data |
Y Y Y Y

Start sequence Tail sequence Start sequence Tail sequence

(EB90H) (C5C5C5C5C5C5C579H)

B Command Link Transmission Unit (CLTU) o (0 byte MIN)

IDLE CLTU IDLE ¥ CLTU IDLE
sequence sequence sequence
(0 byte MIN) Figure 3.1.1.1-1 Summary of command data flow in Mercury Orbit Phase (2/2)

VXVC/SYSI ‘931340 103[01d oquiojoDidag/vXV e

(0TOZ "Uer) 0°T "1I9A DADL-DO-ONIN
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3.1.1.2 OQutline in Cruise Phase

Figure 3.1.1.2-1 Cruise Phase MMO  Command Flow

The outline of the command data flow in Cruise Phase is shown below and in Figure 3.1.1.2-1.

(1) MPO Packet / MMO Data Block (MPO Packet / MMO Data Block Layer)

Cruise Phase  Command  Mercury Orbit Phase MMO TC Packet
MMO MPO MMO TC Packet
2byte  Data Type ID MMO TC Data Block FTP
MMO TC Data Block MPO
MPO TC Packet MPO RF MPO
MPO MMO  DMC
MIL-STD-1553B MMO TC Data Block
DMC MMO TC Packet Cruise Phase MPO
MMO TC Packet 208bytes

In Cruise Phase, each command is sent as MMO TC Packet in the same way as in Mercury
Orbit Phase. The command sequence planed at the MMO ground system is transferred in MMO
TC Data Block format, that 2bytes header called as Data Type ID is appended to MMO TC
Packet, to the MPO ground system by FTP. MPO TC Packet, that header is appended to each
MMO TC Packet in the MPO ground system, is transferred to the MPO in RF linkage. The
header of each MPO TC Packet is removed and converted to MMO TC Packet in MPO, and the
MMO TC Data Block is transferred to the MMO DMC through the MIL-STD-1553B bus. Then,
DMC transforms the MMO TC Data Block to MMO TC Packet format. In Cruise Phase, the
length of the MMO TC Packet is determined to be shorter than 208 bytes.
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OBCP MMO TC Data Blocks =

Data Type ID(2bytes)
+(MMO) TC Packets

MPO 1553B

MMO
RF MPO TC Packets
containing (MMO) TC Packets
: MMO
BepiColombo ETP Command
MOC Planning

Command requests
MMO TC Data Blocks =
Data Type ID(2bytes)

+ (MMO)TC Packets

Figure 3.1.1.2-1 Summary of command Data Flow in Cruise Phase
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3.1.2 TC Packet (MMO TC Packet) Format

MMO (MMO) TC Packet Format
TC Packet 6 bytes Primary Header 2 1010 bytes (Mercury Orbit Phase) 2
202bytes (Cruise Phase) User Data TC Packet Format
Figure 3.1.2-1 Primary Header Table 3.1.2-1 APID(Application Process ID)

Table 3.1.2-2 B O O
—CemmrnEs—— kel SesnepeCen—————— Cooeamendl

Check SUM Option 1010bytes (Mercury Orbit Phase)
202bytes (Cruise Phase) User Data  Command User  User
Data Packet Sequence Flag User Data / /
Command User Packet Sequence Flag  Packet Sequence
Count User Data User Data /
User DMC Packet Check Packet
User

This section describes the (MMO) TC Packet Format.

The TC Packet consists of 6 bytes Primary Header and user data varies from 2 to 1010bytes
(Mercury Orbit Phase), or from 2 to 202bytes (Cruise Phase) . The detailed TC Packet
Format is shown in Figure 3.1.2-1, the detailed Primary Header Format of TC Packet is shown
in Table 3.1.2-1 and the detailed APID (Application Process ID) Format is shown in Table

3.1.2_2. aTsWialNTaala¥a a aYallTalaTata oupto ommang-pa a ala ame-3a abs a alda\ViTa

If you want to send the User Command Data which exceeds 1010bytes in Mercury Orbit

Phase (includes optional Check SUM) or 202bytes in Cruise Phase, you must divide the User

Data into small parts and identify each data (Fist, Continuation or Last part) by the Packet

Sequence Flag. When the user components receive these divided User Data, it should reconstruct
the original User Data according to Packet Sequence Flag and Packet Sequence Count. The
Division and Reconstruction of the original User Data should be done by not DMC but each user.
The Packet should be checked by the user component (the end point of the transmission), and if
necessary, the user component should request the retransmission.

14
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TC Packet Primary Header (6 bytes)

User Data Field (2 1010 in Mercury Orbit Phase, 2 202 in Cruise Phase)

Version | Type | Secondary
Number Header Flag

3bits | 1 bit 1 bit

Application
Process ID
11 bits

Sequence | Sequence | Packet
Flag Count Length 2 bytes MIN
2 bits 14 bits 16 bits

Packet Identification

Packet Sequence Control

A A

16f6bvtesMAX in MerCLTrv Orbit Phase, and 208bytes MAX in Cruise Phase

Figure 3.1.2-1 MMO TC Packet Format

Table 3.1.2-1 MMO TC Packet Primary Header

Field Number of bits Value (binary) Note
\/ersion Number 3 000 FIX Version-1
Type 1 1 FIX Telecommand Packet
Secondary Header Flag 1 1 FIX Secondary Header is used.
Application Process ID 11 To be defined in Table 3.1.2-2
Packet Sequence Flag 2 00: Continuation component of higher data structure
01: First component of higher data structure
10: Last component of higher data structure
11: Standalone Packet
Packet Sequence Count 14 Variable Modulo 16384
Satellite Control Equipment uses only 00H for this
field. (Except User Data Command Packet)
Packet Length 16 Variable (Value = the number of remaining bytes - 1) |the length of User Data Field -1

v
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Table 3.1.2-2  Application Process ID for MMO TC Packet(Tentative)

Application Process ID for Command (11 bits)

Common Use NODE ID Component
(3 bits) (5 bits) Extension Bits
Command/| Real or Stored Command | Value Component (3bits)
Telemetry | Real Time Stored NAME (BIN)
(1bit) (1bit) (1bit)
(BIN) (BIN) (BIN) (HEX)
0 N/A
01 DMC 000: Common
001: DHFS
010: ACFS
. 011: TCFS
0 FIX 10: Real Time Command 100: DR
(Command)| 01: Stored Command 111: HW
(Refer to 3.3) 02 PCD 000 FIX
03 MDP-1 000: MDP-Firm1
001: MDP-Userl
04 MDP-2 000: MDP-Firm2
001: MDP-User?2
05 MEA1 000 FIX
06 MEA2 000 FIX
07 MIA 000 FIX
08 MSA 000 FIX
09 HEP-e 000 FIX
0A HEP-i 000 FIX
0B ENA 000 FIX
0C PME/MGF-O  |000 FIX
0D PME/MGF-I 000 FIX
OE MDM 000 FIX
OF MSASI 000 FIX
10 PME/EWO-E |000 FIX
11 PME/EWO-B 000 FIX
12 PME/SORBET |000 FIX
13 PME/MEFISTO 000 FIX
14  |PME/MASTWPT-E|000 FIX
15-1E Spare
1F Broadcast 000 FIX

Notel: Each component should declare the usage of "Component Extension Bits".

Note2: NODE ID "1F" is used for Broadcast Command, which is the command
sent to the Intelligent Components which have System SpaceWire interface (DMC,
PCD, MDP1 and MDP2) simultaneously (in the same Processing Slot ).

Note3: Each component shall receive both real time command and stored command.
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3.1.3 TC Segment Format

Segment Header ~ Sequence Flags  MAP ( Multiplexer Access Point ) ID

Sequence Flags TC Segment Data MAP ID
VC(Virtual Channel) TC Frame multiplex
MMO MAP ID(6bit)
000001 DMC Hard Decode Command
000010 Command
000100 Program Load Data (binary )
Command SIB (Satellite Information Base)
Segment Format Figure 3.1.3-1 Segment Header Table 3.1.3-1

The Segment Header consists of the Sequence Flags and MAP (Multiplexer Access Point) ID.
The Sequence Flags indicate the position of each TC Segments in the original data. MAP ID is
used to multiplex the TC Frame in the same VC (Virtual Channel).

In the case of MMO, MAP ID (6bit) is defined as below.

000001: DMC Hard Decode Command
000010: Nominal Command

000100: For Long Command such as Program Load (expressed in binary)
SIB (Satellite Information Base) describes which group each command belongs to.

The detailed Segment Format is shown in Figure 3.1.3-1, and the detailed Segment Header
Format is shown in Table 3.1.3-1.

17



Segment Header (8 bits)

Sequence Flag
2 bits

Multiplexer Access Point (MAP) ID

6 bits

Segment Data Field
(1016 bytes MAX)

TC Segment 1017bytes MAX

A

8T

Figure 3.1.3-1 Telecommand Segment Format

CCSDS TC Packet

A

Y

Primary
Header

Command Data

v

Segment Header (8 bits)

Sequence Flag
2bits

MAP ID
6bits

Segment Data Field

Segment Header (8 bits)

Sequence Flag
2bits

MAP ID
6bits

Segment Data Field

Figure 3.1.3-2 Example of Segmentation (Not applicable to MMO)
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67

Table 3.1.3-1 Segment Header Format

Field Number Value (binary)
of bits
Sequence Flag 2 01: First Segment of Command Data on one MAP
00: Continuing Segment of Command Data on one MAP
10: Last Segment of Command Data on one MAP
11: No segmentation 11 FIX for MMO
Multiplexer Access 6 000001 : DMC Hard Decode Command Packet

Point(MAP) ID

000010 : Normal Command Packe
000100 : Long Command Packet (Program Loading, etc.)
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3.1.4 TC Frame Format

TC Frame TC Segment ID VCID 5 bytes TC Frame
Header Segment FECW( Frame Error Control Word) CRC
(Cyclic Redundancy Check) 2 bytes

TC Frame format Figure 3.1.4-1  TC Frame Header Table 3.1.4-1

The TC Frame consists of 5 bytes TC Frame Header (includes satellite ID and VVCID etc), TC
Segment and 2 bytes CRC as FECW (Frame Error Control Word).

The detailed TC Frame Format is shown in Figure 3.1.4-1 and the detailed TC Frame Header
Format is shown in Table 3.1.4-1.

m VCID ( ID: Virtual Channel 1D)
/
MMO 1ch VCID

Virtual channel is used to divide the connection between a satellite and ground into two or
more channel virtually. The MMO uses only one VCID for the command system and doesn't use

the multiplexing function among the Virtual Channels.

20
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1024bytes MAX

TC Frame Header (5 bytes) User Data Field (1019 bytes max.)
Version | Bypass Control Spare | Spacecraft Virtual Flame Frame Frame Data Field FECW
No. Flag Command Flag ID Channel ID | Length | Sequence No. (CRC)
2 bits 1 bit 1 bit 2 bits 10 bits 6 bits 10 bits 8 bits 1017 bytes MAX 16 bits
Figure 3.1.4-1 TC Frame Format
Table 3.1.4-1 TC Frame Header and FECW
Field Number of bits Value Note
(binary)
\ersion No. 2 00 00: Version"1"
Bypass Flag 1 00or  |0:Type-A(Acceptance): (()lgor-rr?(?r?] I’ﬁ‘; )
10 or FARM(Frame Acceptance and Reporting Mechanism) operates 10: Type BD
11 1: Type-B (Bypass): FARM is bypassed. 11: Type BC
Control Command 1 0: D mode: Frame Data Field contains the Command Data
Flag 1: C mode: Frame Data Field contains the Control Command to FARM.
Spare 2 00
Spacecraft ID 10 338H(FIX)
\VCID 6 000001  |Only one Virtual Channel ID is used by MMO.
Frame Length 10 Variable |Value = (Total Number of Bytes) -1 ( MAX value = 1023 DEC)
Frame Sequence No. 8 Variable |In the case of Type-A : modulo 256, In the case of Type-B : All “0”
Frame Data Field 1017 bytes Variable |Includes one TC Segment.
FECW 16 variable |The generator polynomial : G(X)=x"*16+x"12+x"5+1 (CRC)

Note: Type AD: For nominal use, Type BD: For the time when FARM doesn't work, Type BC: For FARM Control Commands
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3.1.5 CLTU Format

1CLTU(Command Link Transfer Unit) 1TC Frame
CLTU  Format

1CLTU (Command Link Transfer Unit) includes whole one TC Frame.
CLTU Format is shown below.

Start Sequence (2bytes) Encoded TC data Tail Sequence (8bytes)
EB90H FIX BCH Code (64bits)x n | C5C5C5C5C5C5C579H FIX

3.1.6  MPO TC Packet and MMO TC Data Block Format

MMO TC Data Block 1 MMO TC Packet 2byte Table 3.1.6-4
Data Type ID MMO TC Data Block 210byte

MPO TC Packet 1 MMO TC Data Block  user data
The MMO TC Data Block consists of a MMO TC Packet and Data Type ID shown in Table

3.1.6-4 as 2bytes header.
The MPO TC Packet includes a MMO TC Data Block as user data.

Figure 3.1.6-1, Table 3.1.6-1, Table 3.1.6-2 and Table 3.1.6-3 are deleted

Table 3.1.6-4 MMO Data Type ID for MMO TC data Block

Data Type ID Definition
0000h MMO TC Packet
FFFFh Specific TC data, mainly supposed for the status request TC during the
MMO separation, which may not have the standard Space Packet format.
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3.2 Command Data (Command type & Data Format)

3.2.1 Single Command

Command Table 3.2.1-1
TC Packet Command Data  Format Figure 3.2.1-1

Commands are classified into three types as shown in Table 3.2.1-1 according to its purpose.
The Formats of Command Data inserted into TC Packet are shown in Figure 3.2.1-1.

23



ve

Table 3.2.1-1 (Command Type)
No. | Command Packet Command Data Verification Method DMC Process
Type Format
Control To be defined To be verified by the telemetry data. -Packet Extraction
Command Packet in Figure 3.2.1-1 (Success Verify) -Distribution
User Data To be defined Depends on user. -Packet extraction
Command Packet in Figure 3.2.1-1 -Distribution
Memory Load To be defined To be compared with the dumped memory data -Packet Extraction

Command Packet

in Figure 3.2.1-1

-Distribution

(Memory Load by user)
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TC Packet (1016bytesMAX)
User Data Field(2 1010bytes)
Primary Header | Format ID Data
(includes APID) (1byte) (1009bytes MAX)
(6bytes)

Note: Bit 0 of Secondary/ljead‘e’r (=Format ID) is "0".
This means non“CCSDS-defined Secondary Header.

Form,athD'f This ID indicates the Command Packet Type.

1. Control Command Packet: |APID=***H (each component)||Format ID = 01H|

Command Unit (DC or SM)

i1 1-1 Discrete Command (DC)

o
Iy
R
i
"
'
\
'
'
\
\

Command Type | Command ,"I |
I\I =DC Code ’//
1byte (01H) 2 bytes
“, 1-2 Serial Magnitude Command (SM) (One parameter at least is required.) //
Command Type | Channel Parameter Parameter Parameter
=SM ID No.1 No.2 No.3
1byte (02H) 2 bytes nl bits n2 bits n3 bits
2. User Data Command Packet: JAPID=***H (each component) Format 1D = 02H|
User-defined Data Check Sum (16bits)
(1007bytes MAX) (If necessary)
(If Check Sum is not applied,
1009bytes MAX)

3. Memory Load Command Packet:APID=***H (each component)

Format 1D = O3H]|
Refer to Section 5.

Figure 3.2.1-1 Command Packet Type & Data Format
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Figure 3.2.1-1 3 Command

The details about the three command packet types shown in Figure 3.2.1-1 are described as under.

(1) Control Command Packet

Format SIB(Satellite Information Base) Command
Command Format 1 TC Packet 1 Command Unit
APID DMC TCIU TCIU  Decode User
Pulse Command Serial Magnitude Command

Command Unit

1) DC (Discreet Command)
Command Code Command
Command Code 2bytes
Code
0000 000FH Spare (Reserved)

2)SM (Serial Magnitude Command)

Channel ID Data Channel ID
Channel ID 2bytes
Code
0003H Operation Mode Change
Table 3.2.1-2
0004H Memory Dump Command
5
0001 0002H 0005 O0O00FH Spare (Reserved)
Channel ID Channel ID
Channel ID
Parameter Command
nl n2 n3 Channel ID Channel ID
Channel ID

Serial Magnitude Command 1
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(1) Control Command Packet

This format is used for the component control commands defined in SIB (Satellite Information
Base). In the case of this command format, one TC Packet includes only one Command Unit.

When TCIU within DMC is designated by APID, TCIU decodes the command and sends the
Pulse Command or Serial Magnitude Command to the specified user, according to the Command

Unit.

The structure of Command Unit is shown below.

1) In the case of DC (Discreet Command):

Command Code the content of the command which defined the operation.
The length of Command Code is fixed to 2bytes.

Command Code shown below must be defined by each component as described
below.

0000 OO00OFH Spare (Reserved)

2)In the case of SM (Serial Magnitude Command):

Channel ID This ID indicates the Channel to which command should be sent.
The length of Channel ID is fixed to 2bytes.

Channel ID shown below must be defined by each component as described below.
0003H Operation Mode Change

(The definition of Parameter is described in Table 3.2.1-2.)
0004H Memory Dump Command

(The definition of Parameter is described in Section5 )
0001 0002H 0005 O0O00FH Spare (Reserved)
The numbers of parameters must be fixed for each Channel ID, but they can be

different between Channel IDs. However, they can be fixed to the same number
for the component, if you want.

Parameter the content of the command which defined the operation.

The values of "n1","n2" and "n3" must be fixed for each Channel 1D, but they can

be different between Channel IDs. However, they can be fixed to the same
number for the component, if you want.

One or more parameters shall be included in Serial Magnitude Command.
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Table 3.2.1-2  Operation Mode Change Command Format (TBC)

No. of byte Contents Note
6 Primary Header
1 Format ID 01H (Control Command Packet)
1 Command Type 02H (SM)
2 Channel ID 0003H
1 Downlink Bit Rate n (- 2"x 4bps, 8 64Kbps is used only
64Kbps) on ground
1 DMC Rate Check Mode = Telemetry
Operation Mode
1 Category Definition Table No. = Telemetry
Operation Mode
1 DHS Mode
1 ACS Mode
1 TCS Mode
1 DR Mode
1 PCD Mode
MSB 4bit / 4bit LSB MDP -DPU1 / MDP-DPU2 Mode
MSB 4bit / 4bit LSB MEA1 Mode /MEA2 Mode

MSB 4bit / 4bit LSB MIA Mode /MSA Mode

MSB 4bit / 4bit LSB HEP-e Mode/HEP-i Mode

MSB 4bit / 4bit LSB ENA Mode / MDM Mode

MSB 4bit / 4bit LSB MGF-o0 Mode / MGF-i Mode

MSB 4bit / 4bit LSB EWO-E Mode /EWO-B Mode
MSB 4bit / 4bit LSB PWI-SORBET Mode /MEFISTO-E Mode
MSB 4bit / 4bit LSB MSASI Mode / MAST/WPT-E Mode

Notel: Each component's mode shall be defined as 00 OFH (4bits only).
Note2: In the Processing Slot when "Operation Mode Change Command" is sent, "On Demand
Telemetry Packet" will not be gathered by DMC. (TBD)

"NNe an MNMaode hanaep ayao ad an

Note4: Each component shall output its "Operation Mode" as HK.

Note5: Example of component mode definition is shown in Table 3.2.1-3.
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Table 3.2.1-3  Example of Component Mode Definition

No Component Operation Minimum Interval Packet
Operation Mode time of Length
Mode Mission telemetry and (Total)
Memory dump
telemetry
1 00H Standby Obytes
2 01H Observation #1 20s 500bytes
3 02H Observation #2 10s 500bytes
4 03H Observation #3 1s 200bytes

(2) User Data Command Packet
Format User Command

This format is used for the command, which is freely defined by User.

(3) Memory Load Command Packet

Refer to section 5
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3.2.2 Macro Command (MC)

Macro Command (MC) MC DMC Trigger
MC Table 3.2.2-1 MC No., MC TC Packet
TC Packet Time Interval

Macro Command (MC) is the command sequence in which the time intervals can be specified
between every two commands side by side. MCs are stored in DMC and called from the various
origins of trigger.

MCs mentioned above consist of MC No., the number of TC Packets in the MC, TC Packets
and Time Intervals (See Table 3.2.2-1).
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Table 3.2.2-1 Example of MC Table

IArea-1 (MCS:; Short MC)| (Time Interval = 0 FIX)

MC No. | The number #00H #01H #OFH
of Packets in | TC Packet | TC Packet TC Packet
MC
(1byte) (32bytes) | (32bytes) (32bytes)
#00H 10H TC Packet | TC Packet TC Packet
#01H 1H TC Packet
#02H 2H TC Packet | TC Packet
#03H 2H TC Packet | TC Packet
#FFH 10H TC Packet | TC Packet TC Packet
Note: Necessary Memory Area in DMC = 128.25Kbytes
|Area-2 (MCL; Long MC)
MC No. The number #00H #00H #01H #01H #7FH
of Packets in | TC Packet Time TC Packet Time TC Packet
MC Interval Interval
(1byte) (32bytes) (1byte) (32bytes) | (1lbyte) (32bytes)
#100H 80H TC Packet 5H(5s) TC Packet | 5H(5s) TC Packet
#101H 01H TC Packet
#102H 6EH TC Packet | AH(10s) | TC Packet | 5H(5s)
#103H 15H TC Packet | FFH(255s) | TC Packet | AH(10s)
#11FH 80H TC Packet | 10H(16s) | TC Packet | 10H(16s) TC Packet

Note: Necessary Memory Area in DMC = 132Kbytes
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MC
(1) TC Packet
MC TC Packet Control Command Packet User Data Command
Packet Memory Load Command Packet DMC
(2) TC Packet
MC Command TC Packet
TC Packet
Table 3.1.2-2 Real Time Command APID
Packet Sequence Flag  11BIN (Standalone Packet)
Packet Sequence Count  Support All Zero
TC Packet TC Packet Primary Header 32bytes
(3)Time Interval
MC TC Packet Command Start Time Interval
Time Interval 1sx n(n=0 255)
(4)Command
Time Interval 0 TC Packet Frame(125ms )
Command Onboard Trigger  Command Real
Time Command
(5) Command
Time Interval 0 Command(Real Time Command
Onboard Trigger = Command)
(6) MC  stop
MC DMC Command
All MC Stop MC  Stop
Other MC Stop MC  Stop MC
All MC Stop, Other MC Stop
MC Command Stop Time Interval 0
(7)Trigger
MC Trigger
MC MC
Real Time Command (RT)
Time Line (Table 3.2.2-1 )
Request Command (RQ)
DMC (AT)
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The specification of MC is shown as bellow.
(1)The type of TC Packet for MC
The type of TC Packet used in MC is only the Control Command Packet. The User Data
Command Packet and the Memory Load Command Packet cannot be used in MC. Hardware

Command to DMC cannot be used.
(2)The specification of TC Packet used in MC
In MC, every command is registered as the TC Packet.

The specification of TC Packet registered in MC is shown as bellow.
When TC Packets in MC are sent, the APID different from Real Time Command is use (See
Table 3.1.2-2).
Packet Sequence Flag is fixed to 11BIN(Standalone Packet).
Packet Sequence Count is not supported. It is fixed to all zero.
The length of TC Packet (includes TC Packet Primary Header) doesn't exceed 32bytes.
(3)Time Interval
In MC, Time Intervals between the times when TC Packets were sent can be specified. Time
Interval can be specified as 1sx n (n=0 255).

(4)Guarantee of the continuous execution of commands

If the Time Intervals are set to zero, TC Packets were sent continuously at every Frame (every
125ms) , and the other commands (Onboard Trigger Command or Real Time Command  can
not interrupt them.

(5)Interruption of the other commands

When the Time Interval is set to non-zero, commands of the other type (Real Time Command
or Onboard Trigger Command) can interrupt the MC command sequence there.
(6)How to stop the MC execution

To stop the MC execution, DMC commands shown below are available.
All MC Stop  Stop the execution of all MC. (For Real Time Command)
Other MC Stop  Stop the execution of the other MC (For MC)
After each command is executed (All MC Stop or Other MC Stop), All MC function is
stopped. The execution of MC will be stopped by the commands above only at the point where
the Time Interval is set to non-zero.
(7)Origin of Trigger

MC can be called by origins shown below.
MC can not call other MC, especially itself.
Real Time Command(RT)
Time Line (Refer to Table 3.2.2-1.)
Request Command issued by user component (RQ)
Autonomous Process of DMC(AT)
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MC MMO
(1)MC  Parameter
TC Packet  bytes Parameter MMO

(2)

MMO MC Time Interval 0 TC Packet

16 MC Command
2s MAX

(3)Time Line Command

MMO Time Line MC(Area-2, MCL ; Long MC)

MC

The limitations of MC in MMO Project are shown below.
(1)Parameters of MC
The parameters of MC such as the maximum number of TC Packets or the maximum

length of TC Packet are defined in MMO Project. It will be changed in the other projects.
(2)Limitation of the continuous execution time

In MMO Project, the number of the commands which are executed continuously (by the

means of setting the Time Interval zero) is restricted to 16(MAX). Therefore, the maximum

execution delay time of command, derived from the occupation of MC, is 2sec.
(3)Prohibition to call the MC with non-zero Time Interval from Time Line

In MMO Project, it is enabled to call the MC with non-zero Time Interval (Area-2, MCL;

Long MC) from Time Line (mentioned later). However, it should be confirmed in the plan

by a ground system that the execution command after the expansion of MC s not
overlapped.
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3.3 (Command Operation Scheme)
3.3.1 Real Time Command (RT)

Real Time Command Command Real Time
Command Command
(1)Single Command
(2)Macro Command (MC) Command
Real Time Command 256 Command Packet Packet 16bytes

Real Time Command is the command, which will be executed just after it is received at the
spacecraft. The commands, which can be used as Real Time Command, are shown below.
(1)Single Command
(2)The command to call Macro Command (MC)
Real Time Command shall be used under the condition that average length of 256 continuous
Command Packet is larger than 16bytes.

3.3.2 (Stored Command)

3.2.2 Macro Command
Stored Commands are commands, which are stored in the spacecraft and executed when they are

needed. Stored Commands include the Macro Command mentioned at the section of 3.2.2  and
commands shown below.
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3.3.2.1 TimelLine (TL)
Time Line

Time Line Time Line

"Time Line" is the line of commands whose absolute execution times are specified previously.
The operation of the spacecraft is mainly performed by using this Time Line.
The specification of Time Line is shown below.

1) TC Packet 512 &Ry
(2)TC Packet 32bytes
TC Packet MC  Call Command
(3)Time Line 3 ( )
Command
All Stop Command
Safe Run fllg 1 Command
All Run Command
Command Time Line Time Line
Macro Command  stop Time Interval 0
4) Time Line Command Flag
Flag

Flag=1 Safe Run
Flag=0 Safe Run
(5)Time Line 1s Command

(6)Time Line TC Packet Control Command Packet User Data
Command Packet  Memory Load Command Packet
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(1) The maximum number of TC Packets, which can be registered in Time Line, is 512D
(2)The maximum length of TC Packet registered in Time Line is 32bytes.
The TC Packet, which calls MC, can be registered in Time Line.
(3)There are three execution states of Time Line shown below.
One of these states is selected by the command.
All Stop  All commands registered in Time Line will not be executed.
Safe Run  Only the command, whose Selective Execution Flag is 1, will be
executed.
All Run  All commands registered in Time Line will be executed.
In the case of restricting the execution of the running Time Line by the command mentioned
above, Macro Command called from the Time Line can stop only at the point where the Time
Interval is set to non-zero.
(4)Each Time Line Command has the Selective Execution Flag.
The specification of the Selective Execution Flag is shown below.
Selective Execution Flag = 1
In the case of Selective Run state, this command will be executed.
Selective Execution Flag =0
In the case of Selective Run state, this command will not be executed.
(5) LSB of the execution start time of each Time Line Command is 1s. Two or more Time Line

Commands can not be set at the same execution start time.
(6)The type of TC Packet used in Time Line is only the Control Command Packet. The User
Data Command Packet and the Memory Load Command Packet cannot be used in Time Line.
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< Time Line Table >

Time Code TC Packet
(4bytes) (32bytes MAX)
4 T1 TC #1(Call MC#5)
T2 TC#?2
< T3 TC#3(Call MC#7)
. T512 TC#512

512sets MAX £B53

Execution Time TC Packet

T1, TC#1(Call MC#5) T2, TC#2 T3, TC#3(Call MCH#7)
I I I Time

;l:MC#B—TC#l | <~ MCH7-TC#1

C#5-TC#2 CHT-TC#2
MC#5-TC#3 MC#7-TC#3

Command Packet \ Command Packet No.

Figure 3.3.2.1-1 Example of Time Line Execution Sequence
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3.3.2.2 Onboard Trigger Command

"ENABLE"
"DISABLE"

DMC has the function of Onboard Trigger Command. Onboard Trigger Command is the
command, which is generated onboard without any requirement from the ground system and
delivered to the specified component. For each Onboard Trigger Command, one of the two
statuses ("ENABLE" or "DISABLE") can be selected.

(1) (Multipurpose Autonomous Command, AT)

DMC  System HK (House Keeping) Telemetry
Command
(AT) HK Telemetry 6.1 (5)
DMC HK Telmetry  System HK Telemetry

DMC gathers and generates System HK Telemetry periodically and judges the spacecraft
status and, if necessary, executes the specified AuTonomous command (AT). The specification
of AT is shown as bellow. As guideline of HK Telemetry is described in 6.1 (5), HK telemetry
intended for multipurpose autonoumous command, which is generated by DMC, is defined as
System HK Telemetry.

Q) 64 ( 0x00-0x3F)
2 System HK Telemetry
Command
3) Command 32bytes TC Packet
Short/Long MC

()] 8s
5) Enable/Disable
(6)

System HK Telemetry "Word "-13

Command
11 2 2 3 3 255 255 ( )
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Type O01H 10H
HK 01H 10H
Table 3.3.2-1
FFh
Table3.3.2-1 "cHK 1&pHK 0”7

“( HK & mask) == mask) && (( HK & mask) == 0x00)”

TC Packet Command

( AND )

AND

Table 3.3.2-1 Comparison Condition of AT

Comparison

Type Bit comparison (01H) Value comparison (10H)
Object for Previous HK (01H) Constant (10H) Previous HK (01H) Constant (10H)
comparison
00H N/A N/A N/A N/A
01H cHK 1&pHK 0 cHK 1&C 0 cHK > pHK+B cHK>C
02H cHK 0&pHK 0 cHK 0&C 0 cHK  pHK cHK C
_ 03H cHK  pHK cHK C cHK<pHK B cHK<C
ggnmdﬁzgz"” 04H cHK 1&pHK 1 cHK 1&C 1 cHK # pHK cHK 2 C
Equation 05H cHK 0&pHK 1 cHK 0&C 1 [cHK pHK|>B N/A
06H cHK # pHK cHK # C N/A
07H N/A N/A
FFH N/A N/A N/A N/A

*) cHK is current System HK telemetry, pHK is previous System HK telemetry, C is Constant value, and B is bias value.

(1) Maximum Number of registration item 64 (AT comparison condition number =
0x00-0x3F)

(2)In the case that previously specified condition about System HK telemetry is
implemented,
corresponding command, which is registered previously, is executed.
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(3) Registration Command is one TC Packet (The maximum length is 32bytes). The
TC Packet, which calls Short/Long MC, can be registered.
(4)Period of comparison with the threshold 8s
(5)Each item is able to be set up as Enable/Disable, respectively.
(6)The following information is registered into a multipurpose autonomous table.
System HK telemetry position "System HK telemetry Word position”-13
The number of times of event continuation
When the condition is implemented in specified times (1 255 times),
registered command is executed.
Comparison Type O01H bit comparison 10H value comparison
Object for comparison
Object to be compared with current System HK telemetry is specified in the
following format.
01H previous System HK telemetry 10H Constant
Comparison Condition is shown in Table 3.3.2-1.
Constant value for comparison
Bias value for comparison
Mask pattern
In the case of bit comparison, the coverage of the compared bit is specified. If
full bit is object, FFh is assigned.
For example, "cHK 1 & pHK 07 in Tabele 3.3.2-1 indicates
“(cHK & mask) == mask) && ((pHK & mask) == 0x00)”.
Flag indicateing which of following actions is performed when state meets
the AT comparison condition
Execute of Registerd TC Packet
Another judgement for the AT comparion condition, whose number is indicated
as the next item.
(i.e., AT command is executed only when state meets every comparison
condition of multiple AT.)
AT comparison condition number corresponding to above another judgement in the
case of multiple AT.

The followings are realized by the Multipurpose Autonomous Command.

A) UVC (Under Voltage Control)
DMC "uvC" Command
"STAND-BY"
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"OFF"

If there is the possibility of the battery over-discharge, DMC will execute the specified AT
for UVC to restrict the power consumption of the spacecraft. In the UVC operation, DMC
will send "STAND-BY" or "OFF" commands to the specified components. This control will
be performed only to restrict the power consumption.
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(2) User Request Command (RQ)

DMC Request Code Command
Request Command (RQ)
Q) 32
2 Request Code
Command
3) Command 32bytes TC Packet Short/Long MC
4) Enable/Disable

User Request Command
Command

DMC executes the specified ReQuest command (RQ) according to the Request Code issued by
User component. The specification of RQ is shown as bellow.
(1)Maximum Number of registration item 32
(2)Corresponding Command registered previously is executed by outputting Request Code
specified previously from the user components specified previously.
(3)Registration Command is one TC Packet (The maximum length is 32bytes). The
TC Packet, which calls Short/Long MC, can be registered.
(4)Each item is able to be set up as Enable/Disable, respectively.
User components, which use User Request Command, shall have the function to generate it by
some kind of method, such as command to generate User Request Command, in order to make
the system test easier.

(3) System Timer Command (ST)

DMC System Timer System Timer
(1) 8
(2) 128x n (n=1 65535) 128s 97
(n=0 n=1 )
(3)System Timer  Enable
Command
4) Command 32bytes TC Packet
Short/Long MC
(5) Enable/Disable

(6)
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DMC is equipped with the System Timer function which can be used as a general-purpose
timer. The specification of System Timer is shown as bellow.

(1)Maximum Number of registration item 8

(2)Timer setting 128x n  (n=1 65535) 128s approximately 97days
(Setting of n=0 is the same operation as n=1.)

(3)When System Timer is set to Enable, countdown is started and Command registered
previously is executed after deadline. Then, the value of a timer returns to a setting value
and is again counted down from there.

(4)The Command which can be registered is one TC Packet (The maximum length is
32bytes). The TC Packet, which calls Short/Long MC, can be registered.

(5)Each item is able to be set up as Enable/Disable, respectively.

(6) The reset under timer countdown is possible.

After reset, timer returns to the value registered and is again counted down from there.

(4) DMC Fault Detection, Isolation and Re-configuration command (FDIR)

MMO DMC Q)

Fault Detection, Isolation and Re-configuration (FDIR) DHS(Data
Handling Subsystem) TCS (Thermal Control Subsystem) ACS (Attitude Control
Subsystem) DMC

In MMO, DMC has the Fault Detection, Isolation and Re-configuration (FDIR) function
previously specified, besides Multipurpose Autonomous Command described in 1). This is the
function performed within DMC, which is conventionally carried out by DHS (Data Handling
Subsystem), TCS (Thermal Control Subsystem), and AOCS (Attitude and Orbit Control
Subsystem), respectively.

3.3.3 Broadcast Command
DMC Command System SpaceWire
( Processing Slot ) Command
(A) Mode
Real Data Rate
Table 3.2.1-2 Operation Mode Change Command Format
(B) TI (Time Indicator) Counter Set/Reset
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When DMC has received the following command from the ground system, DMC will send it to
all the user components which are linked with System SpaceWire, simultaneously (in the same
Processing Slot).

(A)The command which specifies the operation mode (or Maximum data rate of Real and
Record) of each component.
Refer to Table 3.2.1-2 "Operation Mode Change Command Format".

(B)TI (Time Indicator) Counter Set/Reset

3.4 (Command Output Priority)

DMC Table 3.4-1
Macro Command Time Interval 0

If DMC have several command to be executed at the same command slot, DMC will execute
them in accordance with the priority shown in Table 3.4-1. During the Macro Command

execution, other command can be executed only at the point where Time Interval is set to
non-zero.

Table 3.4-1 Command Output Priority ££253

Priority Type Note
1(High) Time Line (TL)

2 System Timer Command (ST)

3 Autonomous Command (AT)

4 Real-time Command (RT)

5 User Request Command (RQ)
6(Low) Memory Load/Dump
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(Telemetry)
4.1 (Outline)

(Mercury Orbit Phase) MMO  telemetry Packet
Telemetry CCSDS (Consultative Committee for Space Data Systems) AOS(Advanced
Orbiting Systems; ) Space Data Link Protocol

Command AQOS Telecommand
Hybrid

CCSDS Space Packet (T™M
Packet) TM Packet ADU(Application Data
Unit) User Data ADU User DMC
I/lF TM Packet

CCSDS Randomizer

(@)Transfer Frame  Randomize Reed-Solomon (1=2)

(K=7,R=1/2)
(b)Transfer Frame  Turbo (information block length k = 3568 bits (interleaving
depth I = 2 in Reed-Solomon ), code rate r = 1/2) Randomize

The AOS (Advanced Orbiting Systems) Recommendation, one of the recommendations written
by the CCSDS (Consultative Committee for Space Data Systems) that are now the international
standards, is applied to the MMO telemetry system of Mercury Orbit Phase in the similar way as
“HAYABUSA”. In more concrete terms, Grade-2 Path Service is applied. As for the command
system, not AOS but Telecommand Recommendation is applied. Therefore, it becomes the
so-called Hybrid Configuration. It is shown below for details.

Data communications unit:

Data is transmitted with TM Packet of CCSDS Space Packet format as a unit. Although
ADU (Application Data Unit) is defined as a higher level concept than TM Packet and user
data is treated as ADU unit, Interface between User components and DMC is TM Packet.
Improvement for bit synchronization :

Pseudo-Randomizer prescribed by CCSDS is applied.

Transmission error:

Following measures are selectable by command.

(a) After randomization of Transfer Frame, concatenated codes, which consist of an inner
convolutional code (K=7,R=1/2) and an outer Reed-Solomon code (1=2), is applied.
(b)After Turbo encoding (information block length k = 3568 bits (corresponding to
interleaving depth 1 = 2 in Reed-Solomon), code rate r = 1/2) of Transfer Frame,
Randomization is applied.
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Resending control: Nothing.

Mercury Orbit Phase MMO CCSDS telemetry Layer
Table 4.1-1 Cruise Phase Table 4.1-2
Packet
Cruise Phase  MPO Packet

The relation between CCSDS telemetry layer and Network element in Mercury Orbit
Phase is shown in Table 4.1-1. In the same way, the relation between them in Cruise Phase is
shown in Table 4.1-2. In each phase, User components should just understand the layer higher
than Packet layer. In this document, the layer below MPO Packet in Cruise Phase is not defined.

Table 4.1-1 CCSDS telemetry layer and Network element (Mercury Orbit Phase)

Application Process O
System Management O
(MMO) Packet O« | <O O -
Segmentation O O
Transfer O O
Coding O ~ ~0O O« | <O
Physical O« | <O
Layer User Satellite | Ground | C&DH DMC | Component
Control | System and
MDP
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Table 4.1-2 CCSDS telemetry layer and Network element (Cruise Phase)

Application Process O O
System Management O
(MMO) Packet O ~0O - 0O
MMO Data Block O O
MPO Packet O ~ ~0O O
O « <0
Layer User MMO MPO MPO DMC Component
Ground | Satellite and
System | Control MDP
&
Ground
System
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4.1.1 Outline in Mercury Orbit Phase

Mercury Orbit Phase =~ MMO  Telemetry Flow Figure
4.1.1-1 MMO  Telemetry Format Figure 4.1.1-2
Turbo Mercury Orbit Phase MMO  Telemetry Flow
Figure 4.1.1-3 MMO  Telemetry Format Figure 4.1.1-4

In the case of concatenated code, the outline of the telemetry flow in Mercury Orbit Phase is
shown below and in Figure 4.1.1-1, and the outline of the MMO telemetry format is shown in
Figure 4.1.1-2.

In the case of Turbo code, the outline of the telemetry flow in Mercury Orbit Phase is shown
below and in Figure 4.1.1-3, and the outline of the MMO telemetry format is shown in Figure
4.1.1-4.

(1) ADU (Application Data Unit)

Telemetry DMC
TM Packet ADU Application Data Unit
Data ADU
Data ADU TM Packet  Secondary Header
( Format 4.2 )
ADU
Packet ID (Packet Identifier)
APID Packet ID Packet  Format APID
User APID Format
00H
Category
7
ADU Count
Count ADU User Count Up Modulo 64
User
Packet APID  Category
ADU increment ADU Packet
Packet Sequence Flag for each ADU ADU 4.2
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To make the DMC and the ground system be able to deal with the telemetry data in the form of

a suitable unit that has the meanings itself, a new data unit, ADU (Application Data Unit) is
introduced as the upper unit of the TM Packet. Each ADU has the information shown as under.
These information should be added to the head of each ADU as the Secondary Header of TM
Packet. (The detailed format is shown in the section 4.2 )

Time

This is the time when ADU is generated.

Packet Identifier

APID and Packet Identifier define the format of the packet. Packet ldentifier can be

defined independently for each APID. User shall define this field. If every packets of the

same APID have only one format, this field shall be 00H FIX.

Category

Refer to section 7

ADU Count

This "Count™ is the value of modulo 64 and incremented by each user component when it

produces ADU. This number is sequential in each user component, i.e., independent to

APID or Category of Packet produced by each user component. This number shall be

incremented when new ADU is generated and each Packet belonging to the same ADU

shall have the same number.
Packet Sequence Flag for each ADU

This is the information about the division of ADU. Refer to the section 4.2

(2) ((MMO)TM Packet) (Generation of (MMO)TM Packet)
ADU TM Packet
TM Packet 4.1.2 MPO TM Packet
MMO TM Packet TM Packet Secondary Header
Packet
ID
Category
ADU Count

Packet Sequence Flag for each ADU
Packet Sequence Count for each ADU

Count ADU Packet Modulo 65536
ADU Packet 0000H Packet increment
ADU
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Each component should divide the ADU into one or more part(s) and insert them into the TM
Packet(s). The TM Packet is especially called as MMO TM Packet to be distinguish from MPO
TM Packet described in 4.1.2 . To the divided parts, the information shown as under should be
added as the Secondary Header of TM Packet.

Time

Packet Identifier

Category

ADU Count

Packet Sequence Flag for each ADU

Packet Sequence Count for each ADU

This "Count" is the value of modulo 65536 to count up packets in each ADU. The first
TM Packet of each ADU has the Count value of 0000H. The Count value is incremented
when new TM Packet, belonging to the same ADU, is generated.

ADU length
Intelligent (DMC,PCD,MDP SpaceWire
) DMC MDP  I/F Telemetry Data TM Packet
HK Data DMC
MDP TCIU Data DMC  TM Packet
HK Telemetry DMC HK Telemetry
System HK Telemetry User
Telemetry  User Telemetry User Status

HK Telemetry  User HK Telemetry

Non-intelligent (SpaceWire ) DMC
TCIU  Telemetry Data TM Packet Intelligent
TCIU DMC Data TM Packet System HK Telemetry
DMC Data Recorder(DR) TM Packet TM Packet
Category Partition Partition Command

Intelligent components (the components, which is linked with SpaceWire: DMC, PCD, MDP
and each sensor) have the interface with DMC or MDP, and send the telemetry data as TM
Packet. They also output the data to HK Area in the specified address space, DMC or MDP
gathers these data and DMC generates HK Telemetry, which also includes the data through
TCIU within DMC from the components mentioned below. HK Telemetry generated by DMC in
this way is called as System HK Telemtry, which is intended for multipurpose autonoumos
command. On the other hand, telemetry generated by user compont is called as User Telemetry,
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especially called as User HK Telemetry for HK Telemetry generated by user componsnet, which
describes status of component.

In the case of Non-intelligent components, TCIU gathers their telemetry data and generates
the TM Packets. DMC also gathers the data from them through TCIU and generates the System
HK Telemetry.

In the case of the recording and reproducing, DMC deals with the data in the form of TM
Packet in Data Recorder (DR) within DMC. Each TM Packet is stored at the partition specified
by the Category. These data are reproduced, partition by partition, in the order specified by the

command.
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(3) Transfer Frame (Generation of Transfer Frame)
DMC TM Packet (Virtual channel )
(Multiplex)  Transfer Frame Data Unit Transfer Frame

Data Unit Zone
Transfer Frame  Trailer

CLCW (Command Link Control Word) ( Lock
ON/OFF, Bit Rate, Up Link Error )
2
CLCW
Turbo Code Transfer Frame Traler CLCW 2byte CRC

DMC multiplexes the TM Packets generated by each component, and inserts them into
VIDU Data Unit Zone of the fixed-length Virtual Channel Data Unit.

At the Trailer part of each Transfer Frame, CLCW (Command Link Control Word, to
which the information such as the receiver's Lock ON/OFF status, Bit Rate and the error
status of the up link command transfer frame, etc) is added, in order to inform the command
receiver status to the ground system, frame by frame.

MMO has two Virtual Channel, one is for the real time data and the other is for the

reproduced data. They are multiplexed by the Transfer Frame and the CLCW is inserted into

both channels continuously.
In the case of Turbo code, 2byte CRC followed by CLCW is inserted as Transfer Frame

Trailer.
(4) Coded Transfer Frame (Generation of Coded Transfer Frame)
Transfer Frame
Transfer Frame Coded Transfer Frame
Turbo Turbo Coded Transfer Frame

In the case of concatenated code, the generated Transfer Frame is encoded by the method of
Reed Solomon to deal with the burst errors, which would occur in the transmission. The Check
Symbols generated by Reed Solomon encoder are added at the tail of Transfer Frame and they
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become Coded Transfer Frame.
In the case of Turbo code, the generated Transfer Frame is encoded by the method of Turbo
encoding and becomes Coded Transfer Frame.

(5) PCA PDU(Physical Channel Access Protocol Data Unit)
(Generation of PCA_PDU)

Coded Transfer Frame

( CCSDS ) Coded
Transfer Frame 4bytes ( ) 8bytes (Turbo Code )
SYNC Bit (1/2) RF

The generated Coded Transfer Frame is pseudo-randomized (Exclusive OR with the output
of pseudo random sequence generator; the method defined in CCSDS) in order to guarantee
the bit synchronization in the ground system. Then, 4bytes SYNC marker (in the case of
concatenated code) or 8bytes SYNC marker (in the case of Turbo code) is added to this
pseudo-randomized Coded Transfer Frame. After that, they (all bits) are
Convolutional-Encoded (1/2) and sent to RF system.
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1 ADU

A

v

ADU (User Data) A B C
TM Packet PH A PH B PH C
M_PDU MH[[PH] A || PH| BL MH B2 MH|| B3 || PH
432 bytes :
|

Transfer Frame TH|MH \ PH A Il PH| B1}||TT | TH | MH B2 TT, |TH MH\ B3 I PH TT

¢ | |
Randomization I (Interleave Depth) = 2
PCA PDU ;

sync| Transfer Frame (444 bytes) RS |sync Transfer Frame RS |svync Transfer Frame RS
‘ < Coded Transfer Frame (508 bytes) 7\ - NOTE) PH: TM Packet Primary Header (6 bytes)
MH : M_PDU Header (2 bytes)
C lutional
onvorLtiona 64 bytes 4 bytes TH : Transfer Frame Header (6 bytes)

Coding

(‘1ACFFC1D’H)

TT: Transfer Frame Trailer (4 bytes)

Figure 4.1.1-1 Summary of Telemetry Data Flow in Mercury Orbit Phase (concatenated code)

VXVC/SYSI ‘931340 103[01d oquiojoDidag/vXv e

(0T0Z "Uer) 0°T "19A DADL-O-ONIN
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OU — e

TM Packet Primary Header Secondary Header User Data (ADU Segment Data)
(Space Packet) (6 bytes) (7 or 12 bytes) (1 1024 bytes)
End of previous TM Packet TM Packet Start of
______ TM Packet # k #k+1 #m TM Packet # m+1
M_PDU header M_PDU Packet Zone
M_PDU
- L (2 bytes) (432bytes) 0000000
Transfer Frame Transfer Frame Data Unit Zone Transfer Frame Trailer | Reed-Solomon
Transfer Frame Primary Header CLCW Check Symbols
(6 bytes) (434 bytes) (4 bytes) (64 bytes)
Coded
Transfer Frame Coded Transfer Frame (508 bytes)

rendomization

___________________________________________ Sync Marker | Coded Transfer Frame | Sync Marker | Coded Transfer Frame
PCA_PDU (4 bytes) (508 bytes) (4 bytes) (508bytes)
Convolution(1/2)

Figure 4.1.1-2 MMO Telemetry Format (concatenated code)

VXVC/SYSI ‘931340 103[01d oquiojoDidag/vXv e

(0T0Z "Uer) 0°T "19A DADL-O-ONIN
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1 ADU

A

v

ADU (User Data) A B C
(MMOQO) TM Packet PH A PH B PH C
M_PDU MHl[PH] A || PH| B1 MH B2 MH|| B3 || PH
432 bytes
|
Transfer Frame TH|MH \ PH A Il PHY B1}|ITT | TH || MH B2 TT| |TH MH\ B3 IPH TT
‘ < ! [ ‘
Turbo encoding 446 bytes
Randomization
PCA PDU
sync| Coded Transfer Frame (893bytes) SYNC Coded Transfer Frame SYNC Coded Transfer Frame

Figure 4.1.1-3  Summary of Telemetry Data Flow in Mercury Orbit Phase (Turbo Code)

NOTE )
\ 8 bytes

(034776C7272895B0)

PH : TM Packet Primary Header (6 bytes)
MH : M_PDU Header (2 bytes)

TH : Transfer Frame Header (6 bytes)
TT: Transfer Frame Trailer (6 bytes)

VXVC/SYSI ‘931340 103[01d oquiojoDidag/vXv e

(0T0Z "Uer) 0°T "19A DADL-O-ONIN
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OU = T

TM Packet Primary Header Secondary Header User Data (ADU Segment Data)
(Space Packet) (6 bytes) (7 or 12 bytes) (1 1024 bytes)
End of previous TM Packet TM Packet Start of
______ TM Packet # k #k+1 #m TM Packet # m+1
M_PDU header M_PDU Packet Zone
M_PDU
- (2 bytes (s20yte)
Transfer Frame Transfer Frame Data Unit Zone Transfer Frame Trailer
Transfer Frame Primary Header CLCW CRC
(6 bytes) (434 bytes) (4 bytes) (2bytes)
Coded :
Transfer Erame Coded Transfer Frame (446bytesx 2 + Tail 1 byte)

Randomizaton ... e

CAPDU Sync Marker | Coded Transfer Frame | Sync Marker | Coded Transfer Frame |
PCA_PDU
- (8 bytes) (893 bytes) (8 bytes) (893 bytes)

Figure 4.1.1-4 MMO Telemetry Format (Turbo Code)

VXVC/SYSI ‘931340 103[01d oquiojoDidag/vXv e
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4.1.2 Outline in Cruise Phase

Figure 4.1.2-1 Cruise Phase  MMO  Telemetry Flow

The outline of the telemetry flow in Cruise Phase is shown below and in Figure 4.1.2-1.

(1) MPO Packet / MMO Data Block (MPO Packet / MMO Data Block Layer)

Cruise Phase  Telemetry  User DMC MMO TM Packet
DMC MIL-STD-1553B 1
MMO TM Packet  2byte  Data Type ID MMO TM Data Block
MPO MMO TM Data Block MPO
MPO TC Packet MPO RF MPO
MMO MPO TM Packet FTP MMO
MMO TM Packet MMO

In Cruise Phase, DMC or user components produce generate the MMO TM Packet in the
same way as in Mercury Orbit Phase. MMO TM Data Block, whose format is that 2bytes header
called as Data Type ID is appended to one or more MMO TM Packets, is transferred from
MMO DMC to MPO through the MIL-STD-1553B bus. MPO TM Packet, that header is
appended to each MMO TM Packet in MPO, is transferred to the MPO ground system in RF
linkage. Telemetry is transferred from MPO ground system to MMO ground system in MPO TM
Packet format by FTP. The header of each MPO TM Packet is removed and converted to MMO
TM Packet at MMO ground system, and the MMO TM Packet is distributed to each user.
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—
MMO TM Data Blocks =

Data Type ID(2bytes)
+(MMO)TM Packets

MPO 15538 MMO

MPO TM Packets
containing (MMO) TM Packets

BepiColombo MMO MMO

FTP SDTP
MOC FTP GW QL/DL

MPO TM Packets | (MMO) T™ Packets |
containing (MMO) TM Packets

Figure 4.1.2-1 Summary of Telemetry Data Flow in Cruise Phase
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4.2 TM Packet (MMO TM Packet) Format

(MMO) TM Packet 6bytes Primary Header Tbytes(ADU ) or
12bytes(ADU ) Secondary Header 1 1024 bytes User Data

TM Packet Structure  Figure 4.2-1  Primary Header Table 4.2-1
APID(Application Process ID) Table 4.2-2 Secondary Header Table
4.2-3

The (MMO) TM Packet consists of the Primary Header (6bytes), the Secondary Header
(7bytes for the packet includes whole ADU, 12bytes for the packet of the divided ADU)
and variable-length User Data (from 1 to 1024bytes).

The TM Packet Structure is shown in Figure 4.2-1, the detailed Primary Header Format
is shown in Table 4.2-1, the detailed Secondary Header Format is shown in Table 4.2-2and
the definition of APID (Application Process ID) is shown in Table 4.2-3.
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TM Packet Primary Header (6 bytes) Secondary

Version | Type | Sec.Header | Application | Sequence | Sequence | Packet Header User Data
Flag Process ID Flag Count Length |7 or 12 bytes ( Up to 1024 bytes)
3 bits | 1hit 1 bit 11 bits 2 bits 14 bits 16 bits

Figure 4.2-1 MMO TM Packet Fromat

Table 4.2-1 MMO TM Packet Primary Header

€9

Field Number of bits Value (binary) Note
\ersion No. 3 000(FIX) Version -1 TM Packet
Type 1 0(FIX) Not used within CCSDS AOS
Secondary Header Flag 1 1(FIX) Secondary Header is present.
Application process ID 11 Refer to Table 4.2-2
Packet Sequence Flag 2 11(FIX) In the case of MMO, the information about the

00:a continuation segment of User Data |division of an ADU is included in the TM Packet
01:the first segment of User Data Secondary Header.

10:the last segment of User Data
11:unsegmented User Data

Packet Sequence Count 14 variable (incremental) Modulo 16384

Packet Length 16 variable (Value = the number of remaining
bytes minus one )

Secondary Header 56 or 96 To be defined in Table 4.2-3

63

VXVC/SYSI ‘931340 103[01d oquiojoDidag/vXv e

(0T0Z "Uer) 0°T "19A DADL-DO-ONIN



MMO-C-TCDC Ver. 1.0 (Jan. 2010)
JAXA/BepiColombo Project Office, ISAS/JAXA

Table 4.2-2  Application Process ID for Telemetry (Tentative)

Application Process ID for Telemetry (11 bits)

Common Use NODE ID Component
(3 bits) (5 bits) Extension Bits
Command/ Telemetry ID Value Component (3bits)
Telemetry NAME (BIN)
(1bit) (2bits)
(BIN) (BIN) (HEX)
0 N/A
01 DMC 000: Common
001: DHFS
00: Report Telemetry 010: ACFS
011: TCFS
1 FIX (User Telemetry) 100 DR
(Telemetry) |01: Mission Telemetry 111: HW
(User Telemetry) 02 PCD 000 FIX
03 MDP-1 000: MDP-Firm1
10: HK Telemetry 001: MDP-Userl
11: Dump Telemetry 04 MDP-2 000: MDP-Firm2
001: MDP-User?2
05 MEA1 000 FIX
06 MEA2 000 FIX
07 MIA 000 FIX
08 MSA 000 FIX
09 HEP-e 000 FIX
0A HEP-i 000 FIX
0B ENA 000 FIX
0C PME/MGF-O  ]000 FIX
0D PME/MGF-I 000 FIX
OE MDM 000 FIX
OF MSASI 000 FIX
10 PME/EWO-E  ]000 FIX
11 PME/EWO-B  ]000 FIX
12 PME/SORBET 000 FIX
13 PME/MEFISTO ]000 FIX
14 PME/MASTWPT-E|000 FIX
15-1E Spare
1F N/A 000 FIX

APID(Decimal)=2047 : Idle Packet

2032-2046 : Reserved by CCSDS

Notel: Each component should declare the usage of "Component Extension Bits".
Note2: Report Telemetry

Packet

RQ Command etc.(Table 4.2-4 )

Report Telemetry is the packet irregularly generated. This kind of packet reports the
events such as; Contingency, Execution of RQ command, etc. (Refer to Table 4.2-4)
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Note3:
HK Telemetry ~ APID  Telemetry ID = HK Telemetry
System HK Telemetry  HK Telemetry APID Node ID = DMC, Component Extension Bits =
Common
User HK Telemetry  HK Telemetry System HK Telemetry

HK Telemetry  Telemetry whose Telemetry ID of APID = HK Telemetry.

System HK Telemetry ~ HK Telemetry whose Node ID of APID= DMC and Component Extension
Bits of APID = Common

User HK Telemetry  HK Telemetry which is not System HK Telemetry
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ADU

(For the packet includes whole ADU)

Packet Sequence Flag for each ADU = 11b (except for Dump Telemetry)

TM Packet Secondary Header (ADU Header) : 7bytes
Time Category Packet Packet Sequence Flag ADU Count
Identifier for each ADU '
(32 bits) (8bits) (8bits) (2bits) ( 6hits)
ADU Packet (For the first packet of the divided ADU) Packet Sequence Flag for each ADU = 01b
or 11b (in the case of Dump Telemetry)
TM Packet Secondary Header (ADU Header) : 12bytes
Time Category Packet Packet Sequence Flag ADU Count Packet Sequence ADU Length
Identifier for each ADU ' Count for each ADU
(32 bits) (8bits) (8bits) (2bits) ( 6hits) (16 bits) (24 bits)
ADU Packet (For the second or later packet of the divided ADU) Packet Sequence Flag for each ADU = 00b or 10b
TM Packet Secondary Header (ADU Header) : 12bytes
Time Category Packet Packet Sequence Flag ADU Count Packet Sequence ADU Length
Identifier for each ADU Count for each ADU
(32 bits) (8bits) (8bits) (2bits) ( 6hits) (16 bits) (24 bits)

Figure 4.2-2 MMO TM Packet Secondary Header (ADU Header) Format
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Table 4.2-3  MMO TM Packet Secondary Header

generated as ADU(Primary/Secondary Header is not

included) - 1)

Field Number of bits Value (binary) Note
Time 32 variable (LSB : 31.25ms)
Category 8 Refer to Table 6.1-1  6.1-2
Packet Identifier 8 Defined by each component side. If this filed is not used, this field]
This field can be defined independently for each APID. shall be 0000B.
This filed and APID define the packet format.
Packet Sequence Flag 2 00:a continuation segment of User Data
for each ADU 01:the first segment of User Data
10:the last segment of User Data
_______________________________________________________ 11:unsegmented User Data |
ADU Count 6 variable (incremental) Modulo 64
Packet Sequence Count 16 Variable Modulo 65,536
for each ADU
ADU Length 24 variable (Value = the amount of whole data [byte] 16M-1=16,777,215MAX
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Table 4.2-4 Report Telemetry Format

<DMC>

LENGTH 17 bytes

FORMAT [Primary Header]
[Secondary Header]
[Report Code]

[Node ID+Extension bits]

[Information Code]

<Other components>

LENGTH 16 bytes

FORMAT [Primary Header]
[Secondary Header]

[error code]

[user request code]

[user use]

6 bytes

7 bytes (Whole ADU: Refer to Figure 4.2-2)

1 byte

(Code for Report Telemetry generation trigger.)

1byte

(Node ID+Extension bits for Report Telemetry generation
trigger)

2 bytes

(Additional Information which should be reported.

Example; AT number or RQ number.)

6 bytes

7 bytes (Whole ADU: Refer to Figure 4.2-2)

1 byte

(Error code, which explain the malfunction of the
component. Defined by each user.)

1 byte

(User Request Code, or 00H when no request
command is executed.)

1 byte

(This field can be freely defined by each user.)
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(Telemetry Type)

Telemetry Table 4.3-1 3

Table 4.3-1 Telemetry Type

Telemetry Type Explanation Telemetry Data Format
1. System HK DMC HK Data Data SIB
Telemetry TM Packet To be defined in SIB
Time TICK(*1) (*2) (Satellite  Information
DMC gathers the data from the HK Data area of each user | Base)
component and generates this as a TM Packet. Each component
should use Time TICK(*1) to synchronization. (*2)
2. User Telemetry TM Packet
Each user component generates this as a TM Packet.
To be defined

by each subsystem

3. Memory Dump TM Packet 5

Telemetry PCD, MDP DMC RMAP(Remote Memory | To be defined

Access Protocol ) TM Packet in section 5
(*2)

Each user component generates this as a TM Packet. Or DMC
collects data by RMAP (Remote Memory Access Protocol) and
generates this as a TM Packet for PCD and MDP. (*2)

*1)Time TICK 1/5125=1.953ms

6bit DMC CPU Time TICK

In nominal case, Time TICK is continuously counted-up 6bit counter which is distributed at 1/512s

= 1.953ms intervals. However, in the case that DMC switches to redundant CPU, distribution of

Time TICK will be aborted, and the counter may change discountinuously. Therefore, this

constraint shall be considered in the design of each component.

*2) MDP, PCD

SpaceWire

Payload Interface Requirement Document

MDP

Refer to "SpaceWire Network Specifications” for MDP and PCD, “MDP Payload Interface Requirement

Document” for the other component.

Note System HK Telemetry
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System HK Telemetry DMC TM
Packet Data 864bytes 6.1 (5
)
User Telemetry Table 4.3-2

Note System HK Telemetry:
All information needed for the control of the spacecraft shall be gathered as System HK
Telemetry and DMC shall generate TM Packet from them. The quantum of whole HK data
is expected to be less than 864bytes. (Refer to 6.1 (5))
Classification of User Telemetry is shown in Table 4.3-2.

Table 4.3-2  Classification of User Telemetry

APID classification | Format | Operational classification Data Example
Report Telemetry | Fixed [Onboard Event trigger] | Report of RQ or AT command
(Table One or a few packets are execution.
4.2-4) generated by onboard
event trigger.
HK Telemetry Defined [Command trigger] (TCFS)
(= User HK by each One or a few packets are | Temperature setting table
Telemetry) subsystem | generated by command Priority setting table
trigger. Called as Heater duty setting table

“One-shot Telemetry” (DHFS)
DR partition division table

DR pointer position

Information
[Continuous Output] Temperature data (TCFS)
Packets are generated DR pointer position
continuously. Information
Mission Telemetry | Defined [Command trigger] DMC Time Telemetry

by each One or a few packets are (when command is executed)

subsystem | generated by command

trigger. Called as
“One-shot Telemetry”

[Continuous Output] Science data
Packets are generated
continuously.
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4.4 M PDU Format

M_PDU(Multiplexing Protocol Data Unit) Transfer Frame Data Unit Zone
TM Packet TM Packet M_PDU Header
M_PDU Packet TM Packet Header bit
M_PDU Format Figure 4.4-1 M_PDU Header Table 4.4-1

M_PDU (Multiplexing Protocol Data Unit) is a part of the concatenated TM Packets and
inserted into the fixed-length Transfer Frame Data Unit Zone. The M_PDU header includes the
information bits, which indicate the position of the first TM Packet header in the M_PDU Packet
Zone.

The detailed M_PDU Format is shown in Figure 4.4-1. The detailed M_PDU Header Format
is shown in Table 4.4-1.
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M_PDU Header (16 bits=2 bytes) M_PDU Packet Zone (3456 bits=432 bytes)
Spare First Header End of previous TM Packet TM Packet Start of
Pointer TM Packet #k+1 #m TM Packet
5 bits 11 bits #k #m+1
n-1 bytes [N
Value of First Header Pointer = n-1
Figure 4.4-1 M_PDU Format
Table4.4-1 M_PDU Header
Field Number Value (binary) Note
of bits
Spare 5 00000(FIX)
First Header Pointer |11 (1) If M_PDU Packet Zone contains a TM Packet Primary Header: Modulo 2048
(M_PDU Packet Zone  TM Packet Primary Header )
Value = n -1 (See Figure 4.4-1)
(2) If M_PDU Packet Zone doesn't contain a TM Packet Primary Header:
(M_PDU Packet Zone  TM Packet Primary Header )
Value = 11111111111 (all 1)
(3) If M_PDU Packet Zone doesn't contain any valid user data:
Value = 11111111110 (all 1-1)
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4.5 Transfer Frame /Coded Transfer Frame Format

@) (In the case of concatenated code)

Transfer Frame M_PDU ID VCID Transfer Frame Primary Header 6
bytes Transfer Frame Trailer (CLCW) 4 bytes Transfer Frame
(Interleave Depth: | = 2)

64bytes Transfer Frame
Coded Transfer Frame
Transfer Frame Format Figure 4.5-1  Transfer Frame  Primary Header
Table 4.5-1 CLCW (Command Link Control Word) Table 4.5-3
MMO VCID

The Transfer Frame consists of the Transfer Frame Primary Header (6bytes; Spacecraft
ID, VCID and so on), the M_PDU and the Transfer Frame Trailer (4bytes; CLCW
(Command Link Control Word)). The Transfer Frame is encoded by the method of
Reed-Solomon (Interleave Depth: | = 2); 64bytes Reed-Solomon Check Symbols are added
to the tail of the Transfer Frame. The Transfer Frame + Reed-Solomon Check Symbols
are called by the name of Coded Transfer Frame.

The detailed Transfer Frame Format is shown in Figure 4.5-1, the detailed Transfer
Frame Primary Header Format is shown in Table 4.5-1, and the detailed CLCW
(Command Link Control Word) Format is shown in Table 4.5-3.

In the case of MMO, the VCID is used to distinquish between the real time data and the

reproduced data.
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(b) Turbo (In the case of Turbo code)

Transfer Frame M_PDU ID VCID Transfer Frame Primary Header 6 bytes
Transfer Frame Trailer CLCW 4 bytes CRC 2Dbytes
Transfer Frame Turbo (information block length k = 3568 bits (interleaving depth | =
2 in Reed-Solomon ), code rate r = 1/2) (Transfer Frame  x 2+1)bytes  Coded
Transfer Frame 2 code rate=1/2

Reed Solomon

Transfer Frame Format Figure 4.5-2 Transfer Frame  Primary Header
Table 4.5-2 CLCW (Command Link Control Word) Table 4.5-3
MMO VCID

The Transfer Frame consists of the Transfer Frame Primary Header (6bytes; Spacecraft 1D,
VCID and so on), the M_PDU and the Transfer Frame Trailer (CLCW (Command Link Control
Word) 4bytes, and CRC 2bytes). The Transfer Frame is encoded by the method of Turbo
(information block length k = 3568 bits (corresponding to interleaving depth | = 2 in
Reed-Solomon), code rate r = 1/2). This is called by the name of Coded Transfer Frame whose
length is (Transfer Frame lengthx 2+1)bytes. Thus, the data length becomes roughly double size
(corresponding to code rate = 1/2), because the Turbo codes provide greater encode gain than the
past way of concatenated codes which consist of an inner convolutional code (K=7,R=1/2) and an
outer Reed-Solomon code (1=2).

The detailed Transfer Frame Format is shown in Figure 4.5-2, the detailed Transfer Frame
Primary Header Format is shown in Table 4.5-2, and the detailed CLCW (Command Link
Control Word) Format is shown in Table 4.5-3.

In the case of MMO, the VCID is used to distinguish between the real time data and the

reproduced data.
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Coded Transfer Frame (508 bytes)

Transfer Frame (444 bytes)

Transfer Frame Primary Header (6 bytes) Transfer Frame | Reed-Solomon
Version No. | Transfer Frame Identifier Transfer Signaling Field Transfer Frame Data trailer (CLCW) ] Check Symbol
Frame
Spacecraft ID VCID counter [Replay Flag| Spare Unit Zone 32 bits 512 bits
2 bits 8 bits 6 bits 24 bits 1 bit 7 bits 434 bytes = 4 bytes = 64 bytes
Figure 4.5-1 Transfer Frame /Coded Transfer Frame Format (concatenated code)
Table 4.5-1 Transfer Frame Primary Header, Trailer and Reed-Solomon Check Symbol (concatenated code)
Field Number of bits Value (binary) Note
Transfer Frame \ersion No. 2 01(FIX) Version-2 (CCSDS Virtual Channel Data Unit)
Primary Header Spacecraft ID 8 27H(FIX)
VCID 6 (1) Real data : Value = 000001
(2) |Reproduced data : Value = 000010
(3) Fill data : Value = 111111
Transfer Frame Counter 24 variable (incremental) [Modulo 16,777,216
Replay Flag 1 QFIX for MMO ("0"=Realtime,"1"=Replayed in CCSDS definition)
Spare 7 0000000
Transfer Frame Trailer JCLCW 32 Refer to Table 4.5-3
R-S Check Symbol 512 variable Interleave Depth: | = 2 , Coded Transfer Frame length = 508 bytes
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Coded Transfer Frame (446x 2 + 1 = 893bytes)

Transfer Frame (446 bytes)

Transfer Frame Primary Header (6 bytes) Transfer Frame Data Transfer Frame trailer
Version No. Transfer Frame Identifier Transfer Signaling Field Unit Zone (CLCW) (CRC)
Frame
Spacecraft 1D VCID counter 32 hits Spare 32 bits 16bits
2 bits 8 bits 6 bits 24 bits = 4 bytes 7 bits 434 bytes = 4 bytes =2bytes
Figure 4.5-2 Transfer Frame /Coded Transfer Frame Format (Turbo code)
Table 4.5-2  Transfer Frame Primary Header, Trailer (Turbo code)
Field Number of bits Value (binary) Note
Transfer Frame \ersion No. 2 01(FIX) Version-2 (CCSDS Virtual Channel Data Unit)
Primary Header Spacecraft ID 8 27H(FIX)
VCID 6 (1) Real data : Value = 000001
(2) |Reproduced data : Value = 000010
(3) Fill data : Value = 111111
Transfer Frame Counter 24 variable (incremental) [Modulo 16,777,216
Replay Flag 1 QFIX for MMO ("0"=Realtime,"1"=Replayed in CCSDS definition)
Spare 7 0000000
Transfer Frame Trailer JCLCW 32 Refer to Table 4.5-3
CRC 16 The generator polynomial : G(X)=x"16+x"M12+x"5+1
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Table 4.5-3 CLCW (Command Link Control Word) Format

Bit Field Length Value Note
(Bits)

BO Control Word Type 1 0 Always "0" For CLCW

B1-2 CLCW Version 2 00 "Version-1" CLCW

B3 Status Field 1 0: TRP-A CMD SEL A/B
1: TRP-B

B4 1 0: OFF TRP-A Carrier Lock On/Off
1: ON

B5 1 0: OFF TRP-B Carrier Lock On/Off
1: ON

B6-7 COP in Effect 2 01 COP-1

B8-13 | Virtual Channel ID 6 VVCID

B14-15 | Reserved Spares 2 00

B16-17 | Sub-carrier Lock 2 00: OFF Sub-carrier Lock Off

/ Bit Rate 01: ON + Low Sub-carrier Lock On, 15.625bps

10: ON + Mid Sub-carrier Lock On, 125bps
11: ON + High Sub-carrier Lock On, 1000bps

B18 Flags 1 0: Not in Lockout

-Lockout 1: Lockout

B19 -Wait 1 0: Don't Wait 1:Receiving end of the Transfer
1: Wait layer is unable to pass data.

B20 -Retransmit 1 0: No Retransmit 1: Retransmissions are required.
1: Retransmit

B21-22 | FARM-B Counter 2 Two least
significant bits of a
FARM-B.

B23 Reserved Spares 1 0

B24-31 | Report Value 8 N(R) Next Expected Frame Sequence

Number

Note: According to CCSDS, B16: No RF available, B17: No bit lock.

4.6  SYNC Marker

SYNC Marker code

= 1ACFFC1D hex (concatenated code)
= 034776C7272895B0 hex (Turbo code)
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4.7 MPO TM Packet and MMO TM Data Block Format

MMO TM Data Block 1 MMO TM Packet 2byte
Table 4.7-3 Data Type ID MMO TM Data Block
1044byte

MPO TM Packet 1 MMO TM Data Block  user data
The MMO TM Data Block consists of one or more MMO TM Packets and Data Type ID shown

in Table 4.7-3 as 2bytes header. Maximum length of MMO TC Data Block is 1044bytes.
The MPO TC Packet includes a MMO TC Data Block as user data.

Figure 4.7-1, Table 4.7-1 and Table 4.7-2 are deleted.
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Table 4.7-3  MMO Data Type ID for MMO TM data Block

Data Type ID Definition Corresponding
Telemetry Type

0000h or 0O0OFFh MMO TM Packets, which are not necessary to be | -
checked by MPO/ESA.

Length of MMO TM Packets in this Data Type ID may
vary per each transmission.

One or more TM Packets are contained.

0000h Private real time data Realtime data except for

System HK Telemetry

00FFh private playback data Playback data except for
System HK Telemetry

FFFFh A MMO TM Packet of housekeeping data, which may be | System HK Telemetry
checked by MPO/ESA.

This TM Packet has the fixed format with fixed length.

1 data type ID is assigned for this because housekeeping

data has only one format.
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(Onboard Memory Management)

5.1 Program (Program Storage)

CPU Program MMO

Program ROM EEPROM On
ROM IPL(Initial Program Loader) Main Program ROM
EEPROM RAM Main Program  IPL Program

IPL Program EEPROM  Main Program
Main Program  Normal Program IPL Program
Normal Program EEPROM RAM

EEPROM Memory Load/Dump

MMO's guideline on the program storage of components with CPU is shown below.

“Program shall be stored in ROM or EEPROM. When a component is powered on, IPL (Initial
Program Loader) stored in ROM shall transfer the main program from ROM or EEPROM to
RAM immediately and execute it in RAM. This program shall be called as IPL Program. There
is also main Program in different area of EEPROM from one of IPL Program. This main
Program shall be called as Normal Program. IPL Program shall have a function to transfer
Normal Program from EEPROM to RAM and execute it in RAM, and shall support Memory
Load/Dump of EEPROM area.”

5.2 EEPROM (Rewriting of EEPROM)
EEPROM Program
2 Memory Load Figure
5.2-1
TC Packet (Memory Load (Packet service))
Figure 5.2-2 Table 5.2-1 Format  Memory Load Command
Packet Memory Load Command Packet APID
Node ID Memory Load Command
Buffering EEPROM Timing _
byte
125msMIN
RMAP(Remote Memory Access Protocol) (Memory Load (RMAP direct))
DMC Figure 5.2-2 Memory Load Command Packet PCD
MDP RMAP Write EEPROM
Memory Load Command Packet APID DMC (Common) Node ID
Memory Load PCD MDP MMO
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SpaceWire Network Specifications EEPROM

Memory Load  Sequence

Q) File

2 File Memory File(
Memory ) (Memory Load Command
Packet)

3) Memory Load/Dump

(4)Memory Load Command Packet

(5)Memory Load (Packet service) Memory Load Command Packet DMC
User EEPROM
Memory Load (RMAP direct) DMC  Memory Load Command Packet
RMAP Write User (PCD MDP) EEPROM

EEPROM shall be rewritten only when it must be done. There are two methods shown below
to rewrite. Outline of Memory Load method is shown in Figure 5.2-1 and Table 5.2-1.

Method by the TC Packet to the component  (Memory Load (Packet service))

In this case, Memory Load Command Packet of the format shown in Figure 5.2-2 is sent to
each component. APID and Node ID within Memory Load Command Packet specify the
target component of Memory Load. Each component shall buffer this command and write
data into EEPROM with the timing suitable to its EEPROM. Each user shall inform the
length of data, which shall be written at once, to system side. The period of writing is
125msMIN.

Method by Remote Memory Access Protocol (Memory Load (RMAP direct))

In this case, Memory Load Command Packet shown in Figure 5.2-2 is de-packetted in
DMC, and EEPROM of MDP and PCD is directly written by RMAP Write. Node ID
within Memory Load Command Packet specifies the target component of Memory Load,
while APID is for DMC (Common). For MDP and PCD, refer to MMO SpaceWire
Network Specifications in detail. Each user shall inform the writing speed limit of
EEPROM to system side.

Memory Load Sequence is shown below.
(1)The load file is specified at the ground system.
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(2)The selected load file is compared with the memory management file (It has the same
contents as the onboard memory.) and Memory Load Command Packets are
automatically generated. (Only different blocks will be sent.)

(3)If necessary, each user component is set as the mode where it can perform Memory
Load/Dump.

(4)Memory Load Command Packets are sent to the spacecraft.

(5)In the case of Memory Load (Packet service), Memory Load Command Packets are
de-packetted by each user component and the data are sent to the EEPROM of the user
component.

In the case of Memory Load (RMAP direct), Memory Load Command Packets are
de-packetted by DMC, and EEPROM of each User component (MDP and PCD) is
directly written by RMAP Write.

In the case of Memory Load (Packet service)

Memory Load Command Packet RMAP Write
TC Packet |— —————————— > TC Packet
> DMC » MDP/PCD
System SpaceWire IF N
|
|
I

Identified as Node ID and APID
within Memory Load Command

In the case of Memory Load (RMAP direct)

Memory Load Command Packet RMAP Write
TC Packet |— —————————— > Memory Image
DMC MDP/PCD
> or > or
MDP System SpaceWire IF Sensor
N or N
: Payload SpaceWire IF :

| |
Identified as APID Identified as Node ID

within Memory Load Command within Memory Load Command

Figure 5.2-1 Outline of Memory Load method
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TC Packet (524bytesMAX for Memory Load Command) -

Primary Header | Format ID Data
(includes APID) 03H FIX
(6bytes) (1byte) (517bytes MAX)

Note: Bit 0 of Secondary. Header is "0" (It means non-CCSDS-defined Secondary Header).

Node ID Address Program Data

(1bytes) (4bytes) (512bytes MAX)

Note: Format of "Address" is shown below.
A3l A30 | A29 A28 A27 Al A3 A2 Al A0
32bits

v

A

Figure 5.2-2  Memory Load Command Format
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Table 5.2-1 Each field definition of Memory Load Command

Field

Number of bits

Value (binary)

Note

Primary Header 48 Refer to Table 3.1.2-1.  |APID shall specify the node which decodes TC packet
Format ID 8 03H (FIX) Memory Load Command
Node ID 8 Refer to Table 3.1.2-2  |Node ID of target component of memory load.
Address 32 Variable The first address of memory load area.
Program Data 512 bytes |Variable
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(6002 "uer) T€°0 IBA DAD1-DO-ONN



MMO-C-TCDC Ver. 1.0 (Jan. 2010)
JAXA/BepiColombo Project Office, ISAS/JAXA

5.3 EEPROM Verification (Verification of the contents of EEPROM)

EEPROM Verification ~ Memory Dump  Dump Telemetry
2 Memory Dump Figure 5.3-1

TC Packet /TM Packet
(Memory Dump (Packet service))

Figure 5.3-2 Format Dump Command
Dump Command APID Node ID Memory Dump
Dump Command Figure 5.3-3 Dump Telemetry

/ 125msMIN-FBS)

RMAP(Remote Memory Access Protocol) (Memory Dump (RMAP direct))
DMC Figure 5.3-2 Dump Command PCD MDP
RMAP Read DMC Figure 5.3-3 Dump
Telemetry Dump Command APID DMC (Common)
Node ID Memory Dump MMO SpaceWire Network
Specifications

Memory Dump  Sequence

DMC User Dump Command
(Figure 5.3-2 Table 5.3-1 )
Dump Dump Dump Byte Dump
(maximum 4)
Dump Command
Memory Dump (Packet service) DMC User Dump Command
Parameter (EEPROM )
512bytes Dump Telemetry (Figure 5.3-3 )(Data
512bytes ) / 1 Dump 1ADU
3 3ADU
Memory Dump (RMAP direct) DMC RMAP Read User
(PCD MDP) EEPROM DMC  Figure
5.3-3 Dump Telemetry
Dump Telemetry file
Memory File File
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Rewriting of EEPROM shall be verified by the Dump Telemetry. There are two methods of
Memory Dump shown below. Outline of Memory Dump method is shown in Figure 5.3-1.

Method by the TC packet de-packetted by the component / TM Packet generated by the

component  (Memory Dump (Packet service))

In this case, Dump Command of the format shown in Figure 5.3-2 is sent to each
component. APID and Node ID within Dump Command specify the target component of
Memory Dump. Each component shall de-packet the Dump Command and generate Dump
Telemetry shown in Figure 5.3-3. The period of the generation is 125msMIN E-BS).

Method by Remote Memory Access Protocol  (Memory Dump (RMAP direct))

In this case, DMC de-packets the Dump Command shown in Figure 5.3-2, and directly
reads the memory of PCD and MDP by RMAP Read, and generates the Dump Telemetry
shown in Figure 5.3-3. Node ID within Dump Command specifies the target component of
Memory Dump, while APID is for DMC (Common). For MDP and PCD, refer to MMO
SpaceWire Network Specifications in detail.

Memory Dump Sequence is shown below.

Dump Command (Refer to Figure 5.3-2 and Table 5.3-1) is generated by the Satellite
Control Equipment (the ground system). Every parameter of the dump sequence are set,
for example, the name of component, the first address of dumped memory area, the
number of byte for dumped data, the number of dump cycle (maximum 4), etc.

The Dump Command is sent to the spacecratft.

In the case of Memory Load (Packet service), DMC or User component receives the
Dump Command, gathers the data from the memory area (EEPROM) (512bytes per one

access) according to the specified parameter, generates the Dump Telemetry(Refer to
Figure 5.3-3) (Data area is 512bytesFIX) and sends them to the ground system. 1ADU is
generated per 1DUMP. (If repetition No is 3, three ADU will be generated.)

In the case of Memory Load (RMAP direct), DMC directly reads the memory of each

User component (PCD and MDP) by RMAP Read, and generates the Dump Telemetry
shown in Figure 5.3-3.

Memory verification

The ground system generates the verification file (file to be verified) from the Dump
Telemetry and compares it with the memory control file (load file) registered in the
ground system.
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In the case of Memory Dump (Packet service)

Dump Command RMAP Read

TC Packet |— -------------- > TC Packet

DMC Same as collection of MDP/PCD
User Telemetry

Dump Telemetry RMAP Read Reply

TM Packet —_——_————— - — - TM Packet

A

Dump Telemetry RMAP Read Reply

TM Packet —_———_————— - — - TM Packet

A

System SpaceWire IF

)

Identified by Node ID and APID
within Dump Command

In the case of Memory Dump (RMAP direct)

Dump Command

TC Packet |— ————————— B RMAP Read

-—|-— > Address, Size

Dump Telemetry RMAP Read Reply

TM Packet ——————=—+—— Memory Image
|
|

A

DMC | MDP/PCD
or | RMAP Read or
MDP | -—>1  Address, Size Sensor

Dump Telemetry RMAP Read Reply

TM Packet e - —— Memory Image

A

System SpaceWire IF
N or /N
Payload SpaceWire IF

Identified by APID Identified by Node ID
within Dump Command within Dump Command

Figure 5.3-1 QOutline of Memory Dump method
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TC Packet (19bytesFIX for Dump Command) o

Primary Header | Format ID Data
(includes APID) 01H FIX (12 bytes FIX)
(6bytes) (1byte)

Note: Bit 0 of Secondary. He’aiaér is "0" (It means non-CCSDS-defined Secondary Header).

Command Type Channel ID | Times Node ID Start Address Length

= SM (02H FIX) 0004H FIX *1 *2
(1byte) (2bytes) (1byte) (1bytes) (4bytes) (3bytes)
Notel: Format of "Start Address" is shown below.
A3l A30 | A29 A28 A27 A9 A8 Al A0
< 32bits >

Note2: Format of "Length™ is shown below.

L22 | L21 L20 L19 L9 L8 L1 LO
0 FIX 0 FIX OFIX | OFIX

v

A

24bits

Figure 5.3-2  DUMP Command Format
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Table 5.3-1 Each field definition of DUMP Command

Field

Number of bits

Value (binary)

Note

Primary Header 48 Refer to Table 3.1.2-1. APID shall specify the node which decodes TC packet.
Format ID 8 01H (FIX) Control Command
Command Type 8 02H (FIX) Serial Magnitude Command
Channel 1D 16 0004H (FIX) Dump Command
Times 8 Only 2bits from LSB are effective. |Number of dump cycle (Maximum 4)
11 4times cycle (4ADU)
10 3times cycle (3ADU)
01 2times cycle (2ADU)
00 1time (1ADU)
Node ID 8 Refer to Table 3.1.2-2 Node ID of target component of memory dump.
Start Address 32 Variable The first address of memory dump area.
Length 24 Variable Total dump data size [byte] (512byte unit).
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TM Packet (536bytes FIX for Dump Telemetry) -

Primary Header Secondary Data
(includes APID) Header
(6bytes) (12bytes) (518bytes FIX)
Times Node ID Start Address Dump Data
*1
(1byte) (1bytes) (4bytes) (512bytes FIX)

Note: Format of "Start Address" is shown below.

A3l A30 | A29 A28 A27 A9 A8 Al A0

v

A

32bits

Note: 1 Dump Data 1ADU
Whole, not repeated dump data form one ADU.

Figure 5.3-3  DUMP Telemetry Format
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Table 5.3-2  Each field definition of DUMP Telemetry

Field

Number of bits

Value (binary)

Note

Primary Header 48 Refer to Table 4.2-1. APID shall specify the node which]
generates TM packet.
Secondary Header 96 FIX Refer to Table 4.2-3. ADU Length indicates the length of ADU

(Even if 1ADU consists of 1 Packet)

Packet Identifier = 00H FIX for Dump Telemetry.

inlduding not only Dump Data but also
Tims, Node ID and Start Address.

Times

Only 2bits from LSB are effective.

11 3times cycle remains (last fourth ADU)

10 2times cycle remains (last third ADU)

01 1times cycle remains (last second ADU)

00 No cycle remains (last ADU)
For example, if Times field of Dump Command is
"11"BIN, Times field of DUMP Telemetry Packet shall
be "11"(first ADU), "10"(second ADU), "01"(third
ADU), and "00"BIN (last ADU) in order of packet
generation.

Number of remaining dump cycle
(Maximum 3)

Node ID

Refer to Table 4.2-1.

Node ID of target component of memory
dump.

Start Address

32

Variable

The first address of memory dump area.

Dump Data

512bytes

Variable
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5.4 EEPROM RAM Load Verification
(Load from EEPROM to RAM & Verification)

There is no requirement about this topic. Each user may design properly.

5.5 Memory Load/Dump (Components for Memory Load/Dump)

Table 5.5-1 Components List for Memory Load/Dump

Component Memory Load Memory Dump Remark
DMC o o
PCD TBD TBD *]
MDP-1 o o *1
MDP-2 o o *]
MEA1 TBD TBD
MEA2 TBD TBD
MIA o o *2
MSA o o )
HEP-e N/A N/A
HEP-i N/A N/A
ENA N/A N/A
PME/MGF-O N/A N/A
PME/MGF-I N/A N/A
MDM N/A N/A
MSASI N/A N/A
PME/EWO-E o o *2
PME/EWO-B N/A N/A
PME/SORBET N/A N/A
PME/MEFISTO N/A N/A
PME/MASTWPT-E N/A N/A

*1 Memory Load/Dump (Packet service) and Memory Load/Dump (RMAP direct) are supported.
*2 Only Memory Load/Dump (RMAP direct) is ssupported
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6 Category (How to use Category)(Tentative)
6.1 (General Outline)
(1) Category
MMO
Category Telemetry Category

Telemetry Category

Category is defined as the field, which is related to the priority of storing and transmitting.
Telemetry, which should be treated in the same manner, shall belong to the same Category.
Telemetry, which should be treated in the different manner from the point of storing or transmitting,
shall belong to the different Category.

MMO Category  Bit 8bit

In the case of MMO, "Category" is a number of 8bits.

Category
Table 6.1-1 Category

MMO Telemetry Command List (JX-MMO-0014)
There are two types of "Category". One is commonly used by each component, and the other
is used by only one component. Example of Category assignment is shown in Table 6.1-1.

Each component side shall declare the necessary number of Category.
Category is defined in MMO Telemetry Command List (JX-MMO-0014).
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Table 6.1-1 Example of Category Assignment Table (Tentative)

(This kind of table will be determined after the negotiation with each User)

Category(8bit) Number of Assignment
(HEX) Category
(DEC)
00 1 Report Telemetry
01 1 Dump Telemetry
02-0C 11 System HK Telemetry
OF DHS User HK Telemetry
(SpaceWire Router, Check)
10 1 DR User HK Telemetry (Write Pointer)
11 1 DR User HK Telemetry (Partition etc.)
12 1 TCS User HK Telemetry
13-1D 11 ACS User HK Telemetry
20-BF Mission Telemetry of Payload
User HK Telemetry of Payload
Report Telemetry of Payload
FE 1 DMC Time Telemetry
FF 1 DMC H/W Telemetry
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(2) Category Definition Table
Category Level(2bit) DMC Table 6.1-2
Category Table
Category Table MMO Telemetry Command List (JX-MMO-0014)

Each Category is related to the Level (2bit). This relationship is defined by the Category
Definition Table in DMC, such as Table 6.1-2.
Category Definition Table is defined in MMO Telemetry Command List (JX-MMO-0014).

Table  Down Link Bit Rate Command(Operation Mode
Change Command) (Table 3.2.1-2 )

This table is changed when Operation Mode Change Command, which changes the status of
spacecraft (Down Link Bit Rate etc.), is executed. (Refer to Table 3.2.1-2)

Table 6.1-2 Example of Category Definition Table

Category(8bit) Level(2bit)
(HEX) Real(BIN) | Record(BIN)
00 1 1
01 1 1
02 1 0
10 0 1
11 0 1
12 0 1
13 0 1
14 0 1
15 1 1
16 0 1
17 0 1
18 0 1
19 0 1
1A 0 1
FF 0 0
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(3) Level
Level Category Telemetry Real Time  Downlink
DR(Data Recorder)

Table 6.1-3
Level defines the data flow (Real Time Downlink or DR (Data Recorder) storage or both of
them) of Telemetry belonging to the related Category. The definition of Level is shown in Table

6.1-3.

Table 6.1-3  List of Level value

Bit Process in DMC

01 | No Real Time Telemetry, only DR storage.

10 | Only Real Time Telemetry, No DR storage

11 | Real Time Telemetry & DR storage

00 | N/A
(No Real Time Telemetry, No DR Storage)

Note: Upper Level Bit is related to Real Time Telemetry.
Lower Level Bit is related to DR storage.

(4) Partition
Partition DR 192 MAXEBS

Partition ~ Category

DR Telemetry Data Partition Downlink
Address  Command

The number of Partition is 192MAX as the specification of DRE-BS.
Each Category is corresponded to one Partition.

Telemetry Data stored in DR(Data Recorder) are downlinked by designating the Partition. Address to

reproduce can be designated by command.
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(5) HK (House Keeping)

HK Telemetry DMC System HK Telemetry User
User HK Telemetry System HK Telemetry ~ User HK Telemetry
/
DMC / System HK Telemetry Data
Data Status Data
User HK Telemetry
System HK Telemetry Data
a. Data
Check Data (Subsystem  System )
b. Hardware Data
Software TM Packet CPU-OFF
Monitor DMC
Data
c. CPU Bus Data
TCIU CPU Bus Data

HK Telemetry is classified as System HK Telemetry (generated by DMC) and User HK
Telemetry (generated by user component).

In the case of MMO, the guideline of System HK Telemetry & User HK Telemetry is as follows.
Basically, the information needed in the spacecraft control shall be generated as HK Telemetry to
guarantee the synchronization. It shall include the data shown below. The other data, which
describe the status of each component, shall be generated by each component and outputted as
User Telemetry.

System HK shall have uniquely identified data formant, and sub-commutation is prohibited for

the data outputted as System HK.

a. Data used in Autonomous Control

These are the data that shall be checked by the Autonomous Control Process.

These data shall be defined by the negotiation between subsystem side and system side.
b. Hardware Output Data

The data, which are usually outputted by software as TM Packet, but also shall be outputted by

DMC, because it should be watched even in the case of CPU-OFF or contingency for monitor or

analysis.

c. Data of bus components, which don't have CPU
These are the data outputted by bus components, such as TCIU, which don't have CPU.
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System HK Telemetry
a.System HK Telemetry
1 864 bytes [
Check 2bytex 64
b.System HK Telemetry / s
C. 8s

a. Type of System HK Telemetry

Only one type: Data size is 864bytes MAXEBSY
The number above includes the data (64bytes), which are checked in the Autonomous Process.

b. Freguency of System HK Telemetry gathering/generation  Period = 1s

c. Frequency of Autonomous Judgment Period = 8s

(6) Mode (Determination of Spacecraft Operation Mode)

Mode Operation Mode Change Command 4
(Table 3.2.1-2 )
a. Mode
Operation Mode Change Command Field Code
Mode Mode 2

Data  Category

Category Data Rate
User Category Data Data
Data Rate
b. DMC Category Table
c. Downlink Bit Rate
d. DMC Rate Check Mode
Mode Real/Record Data
PCD,MDP Rate Telemetry
(Rate MMO SpaceWire Nework
Specification ) 1Processing Slot
Processing Slot DMC
Telemetry TM Packet B85y
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Spacecraft Operation Mode is determined by 4 items mentioned below, which is specified by
Operation Mode Change Command. (Refer to Table 3.2.1-2)
a. Operation Mode of each component
Each component's operation mode is determined by the specified field in Operation Mode
Change Command. Component operation mode determines 2items shown below.

Category of generated data

Data generation rate of each Category (Tentative)

Each user component must control the data generation rate by control of data amount and the

period between each data output, which is the trigger of data output.

(Tentative)
b. Category Definition Table in DMC
c. Downlink Bit Rate
d. DMC Rate Check Mode
The Operation Mode described above shall be planed in the ground system not to exceed the
available Real/Record rate respectively.
For PCD and MDP, in the case that output data rate exceeds the upper limit previously defined for
each component (Refer to MMO SpaceWire Network Specification regarding to calculation
method of data rate) and that output data size per 1 Processing Slot exceeds the upper limit
previously defined for each component, DMC does not collect the telemetry by a unit of TM
Packet which exceeds the upper limit £FBS3.
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6.2 Data (How to record the data)

Telemetry Data Real Time  Downlink DR

User Category No. Table 6.1-2
Table 6.1-2 DMC Mode Command
DR Partition Ring Buffer
Command

Partition / /

DR TM Packet

Partition  Size  Command Partition
Partision MMO MDP DMC/DR Usage Definition Document

(IX-MMO-MDP-0004)

How to deal with Telemetry Data (Real Time Downlink, DR storage or both) is determined by
Category No attached by each user component and Table 6.1-2. Table 6.1-2 is changed by the
mode definition command to DMC.
Each partition of DR is ring buffer.
Start point of record can be changed by the command.
Write-disable-mode / Overwrite-disable-mode / Overwrite-enable-mode are selectable for each
partition. However, it is usually used in Overwrite-mode. (Tentative)
Telemetry data are saved in DR as TM Packets.
The size of each partition is changed by command. When a boundary of partitions is
changed, the data in partitions, whose boundary is changed, are not kept.
Partision is defindked in MMO MDP DMC/DR Usage Definition Document
(IX-MMO-MDP-0004).

6.3 Data (How to reproduce the data)
DR Command Partition
Sequential
Command
Data  Clear Partition

Reproduction of data saved in DR is performed partition by partition, according to the command.
Reproduction is performed sequentially.

Start point and End point of reproduction can be changed by the command.

Deletion of data saved in DR is performed partition by partition.
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DR  category Figure 6.3-1

Schematic overview of DR and category usage is illustrated in Figure 6.3-1.
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Space Packet

. Praymary | Secondary
Real < Realtime data Real Header Header

Oé— Transfer Frame
Downlink O Category Data
j DR Memory
Partition "n" <&— <
Repro Partition "m" &<
Oé— Transfer Frame AQ<;:| O

A Partition "I" Rec
| N 1
Play backed data is < v |
down linked during Partition "k" r;iw —
no output of NI | Real | Rec
realtime data o v
Partition where to be ! B
play backed is 2 A
specified by command o N,
"m-2" | "0 1
n-1" 0 1
n" "o 1
Category Table

Figure 6.3-1 Schematic overview of DR(Data Recorder) and category usage
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(Others)

7.1

(Double Command)

Enable/Disable Enable Command
Disable ( ) ENA/DIS
System HK Telemetry

The user should prepare double command systems, which consist of original command, its
"ENABLE" command and its "DISABLE" command, for the commands related to Pyro
Firing/Deployment/Extension/High Voltage Power Supply. And the status of ENA/DIS should
be confirmed by the System HK Telemetry information. The onboard function to cope with
accidents arising during above-mentioned operation should be prepared by the specified
component side.

Ex.) Firing redundant device, Stopping motor, shutting off the power supply etc.

7.2 Toggle Command (Prohibition of Toggle Command)
Command Command (Toggle
Command) Command Enable/Disable

Enable Command  Disable Command

The command, which changes the status of the component alternately (Toggle Command), is
prohibited. For example, you should not make the component to change its Enable/Disable status
alternately according to the particular command, but you should prepare both the Enable
Command and the Disable Command.
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