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1. INTRODUCTION

1.1 Scope of the Document

This document is in response to the Sentinel-2 Operations Interface Requirements Document (OIRD) to
provide a specific tailoring of the ECSS Packet Utilisation Standard ECSS-E70-41A [ND-154].

In order to maximise the application of a heritaged tailoring approach for the ECSS Packet Utilization
Standard, the following documentation approach has been adopted. The document will consist of :

e a“Header part” with the generic information (this document) like introduction and applicable docs
and a table listing the volumes and there valid issue

e Volume A - the generic PUS
It details the definitions of PUS-Service/Sub-services and their data structures, which are intended to
be applied across applications. It defines the TC- and TM-format and it contains the applicable
generic annexes of ECSS-70-41-A [ND-154]. The core PUS is basically the answer to the OIRD.

e Volume B — the project specific part
It contains the definition of the project specifc process identfiers (PRID), source and destination ID,
common failure ID's (FID) and event ID's (EID) as well as applicability matrix of the individual PUS-
Service/Sub-service for the individual on-board applications. Volume B basically reflects the general
application hierarchy and distribution of on-board services.

e Volume C - the project specific CSW part
It details the private PUS-Service/Sub-services of the Central Software (CSW).

Volume A & B & C are identified by the same document number as the “Header part”.

They have there own change record, but they do not have signatures on the front page.

They do not have the chapters 81 “Introduction” and 82 “Documents”, as all of these items are covered in the
"header part".

PUS specific functional requirements are called up in the Software System Specification or the respective
Unit Specifications.

The unit specific PUS (i.e. STR, GPSR, MMFU, etc) will be covered by dedicated TM/TC ICDs for each unit.
The subcontractor will generate this ICD and keep it under configuration.

1.2 Definitions

None.

1.3 Abbreviations

General Sentinel-2 abbreviations are in [RD-1].
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2. DOCUMENTS

Applicable Documents:
All dokuments which are contractually binding and configuration controlled exchanged between contractual
partners (change prozess). Ideally these documents are refered to in the contract.

Normative Documents:
All normative / standards wihich are referenziert in the documents and which are required for the generation
of the document respectively which provide additional guidance (no change prozess).

Reference Documents:

All other documents wihich are referenziert in the documents and which are required for the generation of the
document respectively which provide additional guidance (no change prozess).

2.1 Applicable Documents

ID TITLE DOCUMENT-REFERENCE

none

Table 2-1: Applicable Documents

2.2 Normative Documents

Normative Documents are ...

ID TITLE DOCUMENT-REFERENCE
[ND-104] | Packet Telemetry CCSDS-102.0-B-5
[ND-111] | Telecommand Part 1 — Channel Service, Blue Book, June 2000 CCSDS-201.0-B-3

[ND-112] | Telecommand Part 2 — Data Routing Service, Blue Book, June 2001 CCSDS-202.0-B-3

[ND-113] | Telecommand Part 2.1 — Command Operation Procedures, Blue Book, | CCSDS-202.1-B-2

June 2001
[ND-114] | Telecommand Part 3 — Data Management Service, Blue Book, June CCSDS-203.0-B-2
2001
[ND-115] | Time Code Formats CCSDS-301.0-B-3
[ND-117] | Advanced Orbiting Systems Space Data Links Protocols CCSDS 732.0-B-1
[ND-152] | Space Engineering - Space Segment Operability ECSS-E-70-11A

[ND-154] | Ground systems and operations - Telemetry and telecommand packet | ECSS-E-70-41A
utilization

Table 2-2: Normative Documents
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2.3 Reference Documents

Reference Documents are ...

ID TITLE DOCUMENT-REFERENCE
[RD-1] |[List of Abbreviations and Acronyms GS2.LI.LASD.SY.00001
[RD-2] |GMES SENTINEL-2 Operations Interface Requirements S2-RS-ESA-SY-0006
OIRD Document
[RD-4] |SENTINEL-123 GPSR Command and HK Data IF Specification | S1-IF-AAE-SC-0001
[RD-5] [SENTINEL-2 Mass Memory Formating Unit TM/TC ICD GS2-IF-ASG-MMFU-0003
[RD-6] |SENTINEL-2 Startracker PUS ICD GS2.ICD.JOP.STR.02402
[RD-7] |[SENTINEL-2 LCT PUS Services List SEN2-TESAT-LCT-TNO-0025
[RD-8] |[SENTINEL-2 OBC HW/SW ICD GS2.ICD.RSE.OBC.00002

Table 2-3: Reference Documents
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3. APPLICABLE VOLUMES

The Sentinel-2 Packet Utilization Standard is composed of the following volumes:

VOLUME NUMBER TITLE APPLICABLE APPLICABLE
ISSUE DATE
| Volume A | Generic Services issue 13 15.11.2012
| Volume B | Common Data Tables issue 13 15.11.2012
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Issue Date Sheet Description of Change
1 22.05.2008 all first issue
2 08.08.2008 all see related issue
3 10.10.2008 all see related issue
4 27.02.2009 all see related issue
5 31.07.2009 all see related issue
6 - all Not issued
7 12.01.2010 all see related issue
8 12.05.2010 all Volume A updated after CSW V2 SRR.
See related issue.
9 22.10.2010 All Update based on red-marked S2-PUS as generated during the
working meeting GS2.MN.ASD.SY.00524 date 07.10.2010
10 22.03.2011 all Volume A updated after System CDR and CSW V3 SRR.
See related issue.
11 18.10.2011 all Volume A updated after CSW V3 PDR.
12 25.05.2012 All Volume A updates for CSW V2 CDR
Sentinel-2 Packet Utilization Standard Volume A clean-up.
13 15.11.2012
All All changes are marked by change bars.
§2.4.1 e Updated Table 2.4 2: Sub-Services with bandwidth limitation for
S3, S6, S148 as per GS2-MN.ASD.SY.00919-13
e Typo TM(1,8) corrected
e Text corrected wrt. TM(5,132)*, TM(5,134)
§4.5 e Updated description and details of SystemLog.
e Updated Table 4.5-7 range parameters for TC(5,128)
§4.7 e Added TM(8,128)
§4.8 e Updated Table 4.8-11 range prameters for TC(9,1)
§4.9 e Updated Table 4.9-22 range of parameter N for TC(11,10)
e Updated FIDs for PUS-4646, 12169, 4802, 4876, 4955, 5010,
5080, 5249, 5320, 5496, 5582
§4.10 e Updated service 12 description

e Updated Table 4.10-5 Structure of TC(12,5)
e Updated range description of NOL and NOE
e Updated FIDs for PUS-5995, 12370
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Description of Change

§4.12

Updated description
Updated Table 4.12-6 range description of N1 of TC(12,2)

§4.13

Updated description of TC(15,9), TC(15,129), TM(15,143)
Added remark to TM(15,146)
Updated FIDs for PUS-7962, 8084

84.16

Added remark to TM(19,7)

§4.17

Updated description

Updated Table 4.17-9 parameter description of TC(140,4)
BYTE_ARRAY type included as per GS2-MN.ASD.SY.00919-8.

Updated FIDs for PUS-10062

§4.18

Updated Table 4.18-1 “Service 142 sub-services”
Updated description of service 142

Updated Figure 4.18-1 “Functional Monitoring definitions and
status”

Updated Table 4.18-8 Timeout Parameter of TC(142,5)
Updated Table 4.18-12 “Structure of the Source data TM(142,9)”

Updated Table 4.18-14+17 FMON Protection, Status and
Timeout Parameter of TM(142,9)+TM(142,11)

Updated FIDs for PUS-12708, 12858, 12919,

§4.20

Updated Table 4.20-7 parameters for TM(148,9)
Updated Table 4.20-9 parameter for TM(148,11)
Corrected note for TC(148,128)

Updated Table 4.20-17 parameter for TM(148,131)
Updated Table 4.20-20 Structure of TC(148,133)

§4.22

Updated Table 4.22-22 Range of Parameter N for TC(151,10)
Updated Table 4.22-31 Structure of TC(151,14)

Updated FIDs for PUS-10397, 10418, 10490, 10562, 10672,
10757,10817, 10887, 11059, 11131, 11309, 11398,
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1 TELECOMMAND STRUCTURE

This chapter describes the telecommand structures to be used for AstroBUS-L projects

The telecommand structure definitions have to be consistent over all AstroBUS-L System Elements (platform
and payloads).

1.1 CLTU Structure

PUS-4//
The CLTU structure shall be as showed below:

CLTU - Command Link Transmission Unit
Start ;
Sequence 1st 2nd n-th Tail
EB90 (hex) Codeblock Codeblock Codeblock Sequence
16 bit 8 byte 8 byte 8 byte 8 byte

Figure 1.1-1: CLTU Structure

PUS-7//
The Codeblock structure shall be as showed below:

Codeblock —one out of n

TC Data Error Control
7 Bytes 7 Parity Bits | 1 Filler Bit
56 bit 8 bit

Figure 1.1-2: CLTU Codeblock

PUS-10//
The Tail sequence shall be as showed below according to ECSS-E-50-04

Tail sequence:

0XxC5 - OxC5 -0xC5 - 0xC5 - 0xC5 -0xC5 - 0xC5 - 0x79

1.2 TC Transfer Frame

PUS-17//
The TC Transfer Frame structure shall be as showed below:

TC Transfer Frame
. TC Frame
Frame Header TE T?g%gaﬁ?eﬁ? it Error Control
9 (CRC)
5 byte variable length - 249 byte max. 2 byte

Figure 1.2-1: TC Transfer Frame

PUS-20//
The Frame Header structure shall be as showed below:
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Frame Header

Version|Bypass antaol Spare | Spacecraft C\Qrtuall Frame SFrame
(=00) | Flag | Fjag | (=00) D i Length Number
Flag D Number
2 1 1 2 10 6 10 8
2 byte 2 byte 1 byte

Figure 1.2-2: TC Transfer Frame Header

Aggregation:

OFF: n=1/single TC Packet in Segment Data Field

(n ... number of TC packets per Transfer Frame)

ON: n>1/multiple TC Packet in Segment Data Field

Segment Data Field filled up by integral

(n ... number of TC packets per Transfer Frame)

number of packets

Note:

Aggregation will not be supported neither by CPDU nor by Authentication Unit (i.e. no aggregation of MAP ID

0 & 63)

Parameter

Description

Range or value

Version

Transfer Frame Version "00"
Number

Bypass Flag / Control
Command Flag

Flags used to control the 0 |0
PTD operation

Type-AD. Frame Data Field carries
TC data (e.g., Packets or Segments),
subject to acceptance check under
control of the FARM. These Frames
use the Sequence-Controlled (or AD)
Service of the COP.

Reserved

Type-BD. Frame Data Field carries
TC data (e.g., Packets or Segments),
with all frame acceptance checks
bypassed under control of the FARM.
These Frames use the Expedited (or
BD) Service of the COP.

Type-BC. Frame Data Field carries
FARM Control Commands, with all
frame acceptance checks bypassed
under control of the FARM. These
Frames control the Sequence-
Controlled Service of the COP.

Spare

"0Q"
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Parameter

Description

Range or value

Spacecraft ID

These ten bits carry the
identification code for the
spacecraft being
commanded. The Secretariat
of the CCSDS assigns the
SPACECRAFT IDENTIFIER
to each vehicle within a
particular mission

See volume B

Virtual Channel ID

VC Id Identifier used to
address a single physical
channel to be logically
multiplexed on a frame-by-
frame basis.

See volume B.

Frame Length

This 10-bit field contains a
length count "C" which
equals one fewer than the
total octets in the TC
Transfer Frame. The count is
measured from the first bit of
the FRAME HEADER to the
last bit of the FRAME
ERROR CONTROL FIELD (if
present), or the last bit of the
FRAME DATA FIELD if the
error control is omitted. The
size of this field limits the
maximum length of a TC
Transfer Frame to 1024
octets. The length count "C"
is expressed as:

C = (Total Number of Octets)
-1

6..255 bytes

Frame Sequence Number

up-counting binary number
which is assigned to each TC
Frame by the TC Transfer
layer,

0..2"8-1

TC Frame Error Control

Provides frame error control
information (CRC)

CRC over complete frame (as specified in
[ND-112])

1.3 TC Frame Data ( = Segments)

PUS-90//

The TC Segment structure shall be as showed below:

Table 1.2-1: TC Transfer Frame Structure
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TC Segment
Segment Header Segment Data Field
Sequence Flags MAP ID Only present, when
3 5 Packet #1 Packet #n
1 byte variable length - 226 byte max.

Figure 1.3-1: TC Segment

Description of the "TC Segment" elements

Parameter Description Range or Value

Sequence Flags Inidicates the sequential Note 1)
position of the Segment
relative to the complete user
data unit.

MAP ID Identification of the See Volume B
Multiplexed Access Point

Packet # One or more TC Packets
included in the TC segment

Segment Trailer Authentication Tail Only present when the
authentication is ON

See note 2)

Table 1.3-1: TC Segment
Note 1)
Sequence Flag should be setto 11 (i.e. no command packet segmentation)
Note 2)
The detailsof the segment are described in GS2.TN.RSE.OBC.00101 "Authentication Unit User Manual".

For command segments of some MAP ID’s it is possible to aggregate or include several command packets
within the same segment such that they are all encoded and transmitted in the same transfer frame. After
unpacking the command segment, all command packets contained therein shall be sent for execution in the
same order as contained in the segment. For MAP ID supporting aggregation besides the maximum
segment length, the only restriction is that all commands aggregated in the same segment are destined to
the same map id and the commands need to be sent in the same transmission mode (ad / bd).

In Volume B it is identified which MAP ID’s are supporting aggregation andwhich ones are not supporting
aggregation

1.4 CPDU Specific TC Source Packet

PUS-94//
The TC source packets shall conform to the structure defined in ESA PSS 04-151 and showed below.
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PUS-97//

TC Source Packet

Packet Data Field
Packet Header Packet
Error Control
(CRC)
Gbye | Variablelengih-2i8bylemax. | 2bye |

Figure 1.4-1: TC source packet

The TC Packet Header structure shall be as showed below:

Packet Header
Packet ID Packet Sequence Control Pkt Length
: APID Sequence Packet
Vc_ersmn sze ElFH Flags Sequence Data Field
(=000) | (=1) ag PRID PCAT | (=11) Count Length
3 1 1 7 4 2 14 16
2 byte 2 byte 2 byte

Figure 1.4-2: TC source packet Header

Parameter Description Range or value
Version Number | MSB CCSDS Version Number Must be set to O for all commands
bo-b
Type bs Packet type (0 = telemetry, 1 = Must be set to 1 for all
telecommand) telecommands
Data Field b, Indicates the presence of a data 0: No secondary header present
Header Flag field header (when set to 1)
PRID bs-b11 Process ID (part of the APID) Must be set to a value according
to the PRID Table in volume B of
APID this document
Must be 12.
PCAT | biy-bis Packet category
Sequence Flag bie-b17 Must be set to 11 bin
(stand alone TC packet)
Sequence Count | bg-bs; Wrap around counter (per APID) | 0to 2™ -1,
Note: not verified, only
telemetered back to ground.
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Parameter Description Range or value

Packet Length b3,-b47

Number of bytes contained in the
packet data field minus 1

Max. 219 bytes (" (application data
218 bytes, packet error control 2
bytes) minus 1

Note: The packet length field has
to be an odd number to ensure the
TC packet has an even number of
bytes.

1.5 TC Source Packet

PUS-151//

Table 1.4-1: TC Packet Header

The TC source packets shall conform to the structure defined in [ND-113], except those addressed to
the Command Pulse Distribution Unit (CPDU). Packets addressed to the CPDU do not contain a

Packet Data Field Header.

TC Source Packet

Packet Header

Packet Data Field

Data Field
Header

6 byte

4 byte

PUS-154//

Figure 1.5-1: TC source packet

The TC Packet Header shall be as showed below:

Packet Header

Packet
Error Control
(CRC)

Packet ID

Packet Sequence Control

Pkt Length

Version| Type

Sequence
Flags

APID

DFH Sequence

(=000)

=1

Flag PRID

PCAT

(=11)

Count

Packet
Data Field
Length

3

1 7

2

14

16

2 byte

2 byte

2 byte

Figure 1.5-2: TC source packet Header

Parameter Description Range or value
Version Number MSB CCSDS Version Number Must be set to 0 for all
commands
be-b>
Type b3 Packet type (0 = telemetry, 1 = Must be set to 1 for all

telecommand)

telecommands
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Parameter

Description

Range or value

Data Field Header
Flag

by

Indicates the presence of a data
field header (when set to 1)

0: No secondary header present

1: secondary header present

Note:

for MAP ID 0 the secondary
header flag shall be 0; for all
other MAP IDs the secondary
header flag shall be 1

PRID

APID

PCAT

bS'bll

b12'b15

Packet category

Process ID (part of the APID)

Must be set to a value according
to the PRID Table in volume B of
this document

Must be set to 12 (this is the only
packet category for
telecommands)

Sequence Flag

blG'b17

Must be set to 11 bin

(stand alone TC packet)

Sequence Count

blB'b31

Wrap around counter (per APID)

0to 21,

Note: No TC is rejected due to
SSC discontinuity

Packet Length

b32'b47

Number of bytes contained in the
packet data field minus 1

See Note 1)

Note 1)

Table 1.5-1: TC Packet Header

Max. 219 bytes [ (header 4 bytes, application data 214 bytes, packet error control 2 bytes) minus 1

1.6 TC Packet Data Field Header

PUS-208//

The TC Data Field Header shall conform to the structure as defined in [ND-154]. The structure is
shown here below.

Data Field Header

CCSDS Sec.
Header Flag
(=0)

TC PUS
ersion Number|
(=1)

TC Ack Flags
0001 = accepted
0010 = start exec
0100 = progress
1000 = executed

Service
Type

Service

Sub-Type

Source
ID

1

3

4

8

8

8

1 byte

2 byte

1 byte

Figure 1.6-1: TC Packet Data Field Header
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Parameter Description Range or value

CCSDS Secondary Header
Flag

As required by CCSDS 203.1 --

B--1

Must be set to 0 (for non-
CCSDS defined secondary
header)

TC PUS Version Number

1

Acceptance

Indicates if acknowledgement
is required for TC acceptance

0 = acceptance report
(TM(1,1)) not requested

1 = acceptance report
(TM(1,2)) requested

Start of Execution

Indicates if acknowledgement
is required for TC Start of
Execution

Not supported.

Note: The flag can have any
value [0,1] it will be ignored

Progress of Execution

Indicates if acknowledgement
is required for TC Progress of
Execution

Not supported.

Note: The flag can have any
value [0,1] it will be ignored

Execution Completion

Indicates if acknowledgement
is required after TC Execution
Completion

0 = completion report (TM(1,7))
not requested

1 = completion report (TM(1,7))
requested

Service Type

Indicates the service to which
the packet relates

Defined in each "Structure"
Definition in the Service
chapters

Service Subtype

Indicates the service subtype to

which the packet relates

Defined in each "Structure"
Definition in the Service
chapters

Source ID

Identification of the command
source issuing the TC packet

See Volume B.

TC Packet Error Control

Provides frame error control
information (CRC)

CRC over complete packet (as
specified in [ND-112])

Table 1.6-1: TC Packet Data Field Header

PUS-257//

The two ACK flags to be used shall be usable in any combination, i.e. 0000 bin, 0001
bin, 1000 bin, 1001 bin. etc.

1.7 Eligibility for Nested Telecommands

From the packet sizes and header layouts detailed in this section it can be seen that the maximum size of a
Telecommand Application Data area plus data field header is given as 218 bytes.

However, this only applies to a generic packet. The standard implements Services 11, 18, 19 and 151 which
all have the ability to contain a full telecommand packet within their packet structure as Application Data.
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In effect this allows nesting of telecommands and so introduces some additional constraints, both operational
and physical, in terms of a reduced Application Data area.

The operational constraints are required to prevent recursive nesting of telecommands and are in the form of
a set of rules stating what telecommands may be contained within the four Services mentioned.

Containing
TC (11,4) (19,1) All other
(151,4)
(11,4) Y Y
(151,4) Y Y
(148,128) Y
(19,1) Y

Table 1.7-1: Eligibility for Nested Commands

TC (11,4)/ TC (151,4)

Packet Header:
6 byte

Data Field Header:
4 byte

TT / OPS:

8 byte ANY OTHERTC

Packet Header:
6 byte

Data Field Header:
4 byte

Max 206 bytes

Max 226 byte

Max 194 bytes

Error Control:
2 byte

Error Control:
2 byte

Figure 1.7-1: Worst Case Nested Telecommands Packet Size

Note:

For TC's embedded in TC(148,128) and TC(19,1) additional length constraints do apply in case these TC's
would be sent time tagged.
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2 TELEMETRY STRUCTURE

This chapter describes the telemetry structures to be used for the AstroBUS-L Platform.

The information given in this chapter shall not be referenced from elsewhere.

2.1 TM Transfer Frame (S-Band)

PUS-305//
The CADU structure shall be as showed below:

CADU
Attached Reed-Solomon Codeblock
Sync. Marker
1ACEEC1D Data Space Check Symbols
32 hits 8920 hits 1280 bits
4 byte 1275 byte = 1115 byte + 160 byte

Figure 2.1-1: CADU (S-Band)

PUS-308//
The TM Transfer Frame structure shall be as showed below:

TM Transfer Frame

Frame Header Frame Data Field Frame Trailer

6 byte 1103 byte 6 byte

Figure 2.1-2: TM Transfer Frame (S-Band)

PUS-311//
The Frame Header shall be as showed below:

Frame Header

Frame Identification Frame Data Field Status

. . Master | Virtual Pkt |Segment] )
\Version Virtual | Op SH |Sync| g First
(=00) Spacecraft Channel | Ctrl Channel | Channel Flag|Flag Order| Length | |1 der
D Id Flag | Frame | Frame |-0)|(=0) Flag) 1D Pointer

Count Count (=0)| (=11)
2 10 3 1 1 1 1 2 11
2 byte 1 byte | 1 byte 2 byte

Figure 2.1-3: TM Transfer Frame Header

Parameter Description Range or value
Version Transfer Frame Version "00"
Number
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Parameter Description Range or value

Spacecraft ID

These ten bits carry the
identification code for the
spacecraft itself or for the
physical link uset to transmit
the transfer frame. The
Secretariat of the CCSDS
assigns the SPACECRAFT
IDENTIFIER to each vehicle
within a particular mission

Refer to Spacecraft ID Table in
Volume B

Virtual Channel ID

VC Id Identifier used to address
a single physical channel to be
logically multiplexed on a
frame-by-frame basis.

VCO to VC7

Operational Control Flag

Indicates the presence or
absence of the OPERATIONAL
CONTROL FIELD.

0: OPERATIONAL CONTROL
FIELD NOT present;

1: OPERATIONAL CONTROL
FIELD present

\ This is the project default

Master Channel Frame Count

Contains an 8-bit sequential
counter (Modulo 256) of each
transfer frame transmitted. The
counter must be left frree-
running, that is, it shall not be
short-cycled.

Virtual Channel Frame Count

Contains an 8-bit sequential
counter (Modulo 256) of each
transfer frame transmitted
through a specific virtual
channel. The counter must be
left frree-running, that is, it shall
not be short-cycled.

Secondary Header Flag

contains the TRANSFER
FRAME SECONDARY
HEADER FLAG

0 : SECONDARY HEADER
NOT present

1. SECONDARY HEADER
present

Sync Flag

signals the type of data which
are inserted into the
TRANSFER FRAME DATA
FIELD.

0 : byte synchronised and
forwarded SOURCE PACKETSs
or idle data

1: PRIVATELY DEFINED
DATA

Packet Order Flag

In conjunction with Sync Flag ,
Reserved for future use

Always "0"
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Parameter Description Range or value

Segment Length Id

In conjunction with Sync Flag

"11" : if Sync Flag =0

Undefined: if Sync Flag = 1

First Header Pointer

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

"11111111111": no PACKET
PRIMARY HEADER starts in
the TRANSFER FRAME DATA
FIELD

"11111111110";: TRANSFER
FRAME DATA FIELD contains
idle data

any other value between 0 and
1102 indicates the start
address of a new source
packet

Operational Control Field Data

See Figure 2.1-4 (TM Transfer
Frame Trailer (S-Band))

TM Frame Error Control

Provides frame error control
information (CRC)

CRC over complete Frame (as
specified in [ND-112])

Table 2.1-1: TM Transfer Frame Structure (S-Band)

PUS-372//
The Transfer Frame Trailer shall be as showed below:

Transfer Frame Trailer
CLCW
Crrl CLC.W C.OP Virtual Flags Farm Frame Error
\_:_\g:)r: version 'S:T::(Lj’: Eflf:.ct Channel | Spare gg :i(t) Lock- | T triﬁ;- B | Spare F\{/ZTL?: Control (CRC)
(=0) | (=00) (=01) b Avail | Lock | OU mit | o
1 2 3 2 6 2 1 1 1 1 1 2 8
4 byte 2 byte
Figure 2.1-4: TM Transfer Frame Trailer (S-Band)
Field Size and Meaning Fixed
CWT MSB by, | 1-bit ,Control Word Type specifies that the structure is a CLCW Ob
VN b.-b, 2-bit field ,Version Number, reserved by CCSDS 00b
SF bs-bs 3-bit field, Status Field, reserved by CCSDS 000b
CoP be-b- 2-bit field, COP in Effect is used to indicate which of the CCSDS-defined 01b
COP (Command Operation Procedure) is in use, in this standard only COP-
1 is specified, which corresponds to COP=01
VCID bg-b13 6-bit field, Virtual Channel Identifier contains the TC Virtual Channel -
number. Only the 3 least bits (b,o-b1g) are used for coding.
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Field Size and Meaning Fixed
RES b14-b15 2-bit field, Reserved Field and is set to 00 00
NRFF bis 1-bit , No RF Available Flag represents the status of RF system, which -

corresponds to NRFF=1 (RF not available) and NRFF=0 (RF available)

NBLF bi; 1-bit, No Bit Lock Flag monitors the presence of the S/C demodulation, if
NBLF=1 all TC Active Signals (0 to 5) are zero at the PTD inout pins, and if
NBLF=0 one of the TC Active signals is setto 1

LOF big 1-bit, LockOut Flag indicates, if LOF=1 , that the FARM-1 is in the -
.Lockout" state

WF big 1-bit, Wait Flag indicates, if WF=1 , that the FARM-1 is in the ,Wait" state -

RTMF bso 1-bit, Retransmit Flag indicates, if RTMF =1, that a frame was lost in -
transmission or has been discarded because there was no buffer space
available

FBC bs1-by, 2-bit field, FARM-B Counter field contains a wraparound up-counter -

(modulo 4) of each TC frame of type BC or BD

REPT bos 1-bit, Report Type is always set to REPT=0 Ob

REPV bs4-bs1 8-bit field, Report Value field is maintained by the FARM-1 and contains the
next expected frame sequence number V(R)

™ Provides frame error control information (CRC) (as specified in [ND-112])
Frame
Error

Control

Table 2.1-2: CLCW parameters

2.2 TM Transfer Frame (X-Band)

Moved to annex B.

2.3 Idle TM Frames (S-Band)

Whenever there is not enough data in the external buffer memory of the major frame building HW Idle
Transfer Frames will be generated. An Idle Transfer Frame is treated as a normal telemetry transfer frame
as defined in the previous section.

As given in Table 2.1-1 it is distinguished by its First Header Pointer value.
oThe first header pointer value of Idle Transfer Frames is 111 1111 1110y,

oA dedicated virtual channel is allocated for Idle Frames. The Virtual Channel ID for an Idle Transfer Frame
is 111bin = 7 dec.

The Frame Generator will generate the correct flags and counter values, and provide a fill pattern for the
Data Field. The fill pattern of the frame data field is generated by a pseudo-randomiser with the generator
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polynomial x° + x* + 1.

The randomiser is only active when the Data Field of an Idle Telemetry Frame is being output and it is
systematically preset when VC Frame Counter value is zero. This ensures that the pseudo-random pattern
generation is deterministic.

2.4 TM Source Packet (S-Band)

PUS-460//
Telemetry source packets shall conform to the structure defined in [ND-104] except Time, High Priority
and ldle Packets. The structure is shown here below.

TM Source Packet

Packet Data Field
Packet Header Data Field Packet
Header Error Control
(CRC)
6 byte 12 byte 2 byte

65536 + 6 Byte max.

Figure 2.4-1: TM Source Packet

PUS-463//
The Packet Header shall be as showed below:

Packet Header
Packet ID Packet Sequence Control Pkt Length
Version| Type | DFH APID Grouping Sequence thidl;ﬁatld
(=000) | (=0) | Flag PRID pcAT | Flags Count Length
3 1 1 7 4 2 14 16
2 byte 2 byte 2 byte

Figure 2.4-2: TM Source Packet Header

Parameter Description Range or value

Version Number CCSDS Version Number Must be set to 0 for all TM
source packets

Type Packet type (0 = telemetry, 1 = | Must be set to O for all TM
telecommand) source packets

Data Field Header Flag Indicates the presence of a Must be set to 1 for all TM

secondary (data field) header | source packets,

(when set to 1) )
Exceptions: must be set to O for

Time Packets, HPTM Packets
and Idle Packets

PRID Process ID (part of the APID) Must be set to a value
according to the PRID Table in
Volume B
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Parameter Description Range or value

PCAT Packet category Must be set to a value
according to the PRID Table in
Volume B

Grouping Flags Indicates the grouping of TM - 01 bin first packet of a group
source packets of packets

- 00 bin continuation packet

- 10 bin last packet of a group
of packets

- 11 bin Standalone (default for
HPTM)

Note: all TM packets are
Standalone (i.e. no
segmentation allowed)

Source Sequence Count Wrap around counter used to Must be set to 0 for first packet,
count each TM packet from a increments up to 214-1, wrap
certain APID. For each APID a |aroundto O

separate Sequence Counter is

maintained.

Packet Length Number of bytes contained in The max. number contained in
the packet data field minus 1 the packet data field is project
(even and odd values are dependent (see Note 1)
allowed)

Source Data This field contains the data of

the TM source packet.

TM Packet Error Control Provides packet error control CRC over complete packet (as
information (CRC) specified in [ND-112])

Table 2.4-1: TM Source Packet
Note 1)
For S-Band: 1 .. 2047
For X-Band: 1 .. 65535

2.4.1 Bandwidth adjustment

The goal of bandwith adjustment is to control the data flow of on-request TM report packets potentially
producing a data flow burst. The concept shall be applied to TM packets which embedd to repeated group
parameters potentially allowing to produce large data amounts. The purpose is to avoid instantaeous as well
as long term flooding of the data transfer links by large and/or too many TM packets. Therefore those sub-
services which might generate large amount of data shall be limited according to the following bandwidth
adjustment concept:
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eEach PRID maintains a global parameter called Maximum Transmission Unit called MTU.

eThe MTU is the maximum amount of bytes allowed for the Source Data Field within one Packet Data

Field.

¢Only one TM packet per second shall be allowed/generated per sub-service

eThe TM packet content shall be aligned to logical data structures, wherever possible

eThis mechanism shall be applicable only for selected TM sub-services which are marked accordingly.

eThe global parameter MTU can be adjusted by means of Service TC(140,1 (Set N parameter)

eIn case a new TC is received requesting the generation of TM packets for a subservice which is still on-
going from a previous received TC, this on-going TM generation process shall be terminated, a TM(Z1,8)
to the original request shall be sent and the generation of the requested TM sub-service shall be started
with the new parameter values (if any). For potential long duration commands this allows to abort their
execution by sending a new request with modified parameter settings.

Note: in case the MTU value is modified while the PRID is reporting a group of packets subject to the
MTU limitation there is no interruption of the report. The updated value of the MTU will become effective
only at start of the next TC request of report.

oIf a TM packet is split the Grouping Flags shall be set accordingly albeit only indicating that these
packets have been subject to MTU Limitation. The packets themselves are complete stand-alone

packets.

oTC's generating bandwidth limited TM packets are execution acknowledged after successful completion
of the TM generation process. TM(1,7), if requested by TC ACK flag settings of the originating TC, is
generated after the last TM of the actual request.

eThe min/Max values for the MTU are given by the TM packet definition in 2.4.

Those TM packets for which this function shall be applicable are marked with:

"Note: In case the amount of data to be down linked exceeds the TM source packet, as
many source packets as required shall be generated to fulfil the request. The bandwidth

adjustment mechanism is applicable for this TM."

The TM service sub-types affected by the bandwidth adjustment mechanism are listed below together with
the TC service sub-types which shall abort the on-going TM generation process upon arrival of another TC
requesting the generation of the same type and subtype TM packets.

The following TM sub-services will make use of this feature:

Service ID List of MTU affected TM packets TC superseeding previous request

Service 2 TM(2,133) N/A

Service 3 TM(3,10)*, TM(3,12)*, TM(3,129)* TC (3,9)*, TC(3,11)*, TC(3,128)*,
TC(3,131)*

Service 5 TM(5,132)*, TM(5,134) TC(5,133)
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Service ID List of MTU affected TM packets TC superseeding previous request
Service 6 TM(6,6) TC(6,5)
Service 8 TM(8,145) TC(8,144)
Service 11 TM(11,10); TM(11,13) TC(11,9);TC(11,11);TC(11,12);TC(11,14)
Service 12 TM(12,9); TM(12,11) TC(12,8); TC(12,10)
Service 14 TM(14,8); TM(14,12); TM(14,129); TM(14,131) | TC(14,7), TC(14,11); TC(14,128);
TC(14,130)
Service 15 TM(15,146) TC(15,145)
Service 19 TM(19,7) TC(19,6)
Service 140 | TM(140,3) TC(140,2)
Service 142 | TM(142,9) TM(142,11) TC(142,8), TC(142,10)
Service 148 | TM(148,9); TM(148,11); TM(148,131) TC(148,10); TC(148,8); TC(148,130)
Service 149 | TM(149,5); TM(149,8) TC(149,4), TC(149,7)
Service 151 | TM(151,10); TM(151,13) TC(151,9);TC(151,11);TC(151,12);TC(151,
14)

Table 2.4-2: Sub-Services with bandwidth limitation
*) applicable for CSW only.
Example:

At To the Ground sends TC(11,9) "Report Subset of Command Schedule in Detailed Form", it is assumed
that at least 3 TM(11,10) packets are needed to fulfil the request.

The OBC accepts the TC and generates TM(1,1)

The OBC generates the first TM(11,10), with grouping flags set to 01;,.
Cycle To+1s starts

The OBC generates the 2nd TM(11,10), with grouping flags set to 00y;,.
Cycle To+2s starts

The Ground sends another TC(11,9), superseding the previous one

The OBC accepts the new TC and generates TM(1,1)

The OBC generates TM(1,8), to indicate the cancellation of the old request.
The OBC generates the first TM(11,10) of the new request, with grouping flags set to 01;,.
Cycle To+3s starts

The OBC generates the 2nd TM(11,10), with grouping flags set to 00y;,.

Cycle Ty+4s starts
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The OBC generates the last TM(11,10), with grouping flags set to 10y;.

The OBC reports "execution success" for the new TC and generates TM(1,7)

Ground OBC RT Downlink / HK Mem
I | T
| | ]
| | |
! TC(11,9) ! :
L:_I N TM(1,1) :
TO | |
| D TM(11,10) |
I [}
| ! L]
I | I
: ' :
Totls ! I:l TM(11,10) !
| i =
! TC(11.9) ! T™(L,1) !
- |
This new TC will

abord processing of
the previous one

TM(11,10)

To+3s

IiL TM(11,10)

]

Tot4s T™(L,7)

] |:TM(1,8)ﬁ
To+23 :
|
I
|
]
I
|
|
I
I
|
I
I
|
I
|
|
I
I
|
I
]
I
|

I.:l
|
|
|
TM(11,10)
|
|
|
|

I

Figure 2.4-3: TM Handling with Bandwidth limitation

2.4.2 TM Packet Secondary (Data Field) Header

PUS-584//

The TM Packet Data Field Header shall conform to the structure defined in [ND-154]. The structure is
shown here below.

Data Field Header
Fillerl PUS |Filler| Time (CUC format)
’\\‘/ersit;)n S_Ie_rvice Service Destination ID p— E— S‘I)',irrlwcgl
- -Flel -Flel -
(=0) (gg})ﬁr (=0) yee Sub-Type (Coarse Time) |(Fine Time)| Quality
1 3 4 8 8 8 32 24 8
1 byte 2 byte 1 byte 8 byte

Figure 2.4-4: TM Packet Data Field Header

Parameter Description Range or value
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Parameter Description Range or value
Spare 1 Not used Must be set to 0 for all TM

source packets

TM Source Packet PUS
Version Number

Must be 1
for EGSE C&C is no restriction.

the packet relates

Spare 2 Filler to complete the byte Must be set to 0 for all TM
source packets
Service Type Indicates the service to which Defined in each "Structure"

Definition in the Service
chapters

Service Subtype

Indicates the service subtype to
which the packet relates

Defined in each "Structure"
Definition in the Service
chapters

Destination ID

Indicates the destination of the
packet

Solicited = Source ID of related
TC

Unsolicited = GROUND

If a TM packet has been
generated automatically, i.e.
not on specific TC request, its
Source Id shall be set to 0
(GROUND)

See Volume B.

Time

Onboard time (OBT)

For structure and range see
Table 4.8-14 (Parameters of
the Source data for TM(9,2))

Sync Time Quality

OBT status flag

For structure and range see
Table 4.8-14 (Parameters of
the Source data for TM(9,2))

Table 2.4-3: TM Packet Data Field Header.

2.5 Time Source Packet

Refer to Section 4.8.2 ( TM(9, 2): Time/OP Report ).

2.6 ldle Source Packet

Idle Source Packets are used to fill transfer frames in case a transfer frame has to be submitted and the

presently available source packets do not yet complete the transfer frame. The length of idle source packets

is fixed. The structure of the idle source packet is shown here below.

Packet Header

Packet Data Field

6 bytes

See Note 1)
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Note 1)

The length is fixed to 8 bytes.

Figure 2.6-1: Idle Source Packet

The Packet Header structure is identical for all TM Source Packets. The details are defined in Section 2.4

For parameters of the Packet Header not listed here below see Section 2.4

Parameter

Description

Range or value

Data Field Header Flag

Indicates the presence of a
data field header (when set to
1)

Must be setto 0

PRID

Process ID (part of the APID)

Must be setto 1111111 bin

PCAT

Packet category

Must be set to 1111 bin

Packet Data Field

Fixed length

See Note 1)

Note 1)

Table 2.6-1: Idle Source Packet

Pseudo Random Data (as per GS2.TN.RSE.OBC.00015 "OBC User Manual")

2.7 High Priority Packets

The HPTM packet structure is identical to the one described in Section 2.4, but HPTM packet will have
neither a Data Field Header nor a Packet Error Control field. The detailed format description is part of volume

B.
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3 DEFINITION OF PUS SERVICES
3.1 Applicability Matrix

Service Name Applicability
Type

1 Service 1: Telecommand Verification Basic

2 Service 2: Device Command Distribution Specific
3 Service 3: Housekeeping and Diagnostic Data Reporting Basic

4 Service 4: Parameter Statistics Reporting Specific
5 Service 5: Event Reporting Basic

6 Service 6: Memory Management Specific
7 Not used

8 Service 8: Function Management Basic

9 Service 9: Time Management Specific
10 Not used

11 Service 11: On Board Operations Scheduling Specific
12 Service 12: On Board Parameter Monitoring Specific
13 Service 13: Large Data Transfer Specific
14 Service 14: Packet Forwarding Control Specific
15 Service 15: On Board Storage and Retrieval Specific
16 Not used

17 Service 17: Test Basic
18 Service 18: On Board Operations Procedures Specific
19 Service 19: Event/Action Specific
140 Service 140: Parameter Management Basic
142 Service 142: Functional Monitoring Specific
145 Service 145: S/C State vector Management Specific
148 Service 148 : On-board Macro Procedures Specific
149 Service 149: Thermal Control Specific
151 Service 151: Orbit Position Schedule (OPS) Specific
152 Service 152: TC File Management Specific
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Table 3.1-1: Applicability of PUS Services (Overview)

The column “Applicability” in the table above shall be interpreted as follows:

oAll services marked with “Basic” will be supported by all on-board packet terminals;
ei.e. by all PRID's.

oAll services marked with "Specific” will be supported by a selected number of packet terminals
(PRID's). The detailed assignment for each PRID will be provided in VOLUME B.

3.2 Deviations from the Standard ECSS-E-70-41A

The following services deviate from the standard:
Service 2:
Deviation:

The minimum capability set required in ECSS-E-70-41 (Low Level ON/OFF Switching & Register Access) is
provided by private service sub-type allowing to abstract the HW architecture by provision of access to the
low level IO interface for corresponding activities.

Service (2,3) is extended to provide access to the sub-set of CPDU commands accessible via on-board SW.
Affected sub-services: 1,2,3
Justification:

The ECSS-E-70-41 standard identifies service (2,1) and Service (2,2) as minimum service capability.
However these services do have a specific HW architecture as background, which supports low level
commanding via register address settings. This HW architecture is not used in the mission. The minimum
service capability is provided by private service sub-types.

The extension of service (2,3) is justified by the fact that direct HW decoded CPDU Commands are pure
CCSDS TC source packets, which do not have a secondary TC header and thus do not carry service
type/sub-type information. These CPDU commands are handled according to the dedicated chapter of this
document

Service 11:
Deviation:

In case sub-schedules are supported the ECSS-E-70-41 PUS standard requires management of process ID
as a child / sub-group of the sub-schedule. Within this tailored PUS sub-schedule and process ID is treated
on the same level, i.e. the settings for one process ID is valid in all sub-schedules.

Affected sub-services: 6,8, 9, 10, 11, 13, 14, 17 and 19
Justification:

Customer request to support simplified operations
Service 12:

Deviation:
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The PUS standard requires a parameter ID to define a monitoring on a certain parameter. In deviation to this
approach an addition key called monitoring ID has been added to allow identification a one certain
monitoring specification.

Affected sub-services: 1,2,5,6,7, 9 and 11
Justification:

The PUS-standard uses the parameter ID to control the monitoring of a parameter. In deviation from the
standard, the project uses the monitoring ID to control the different monitoring. This approach helps to
reduce the complexity of this service, for both the ASW and the operations:

With the current implementation, an identification (monitoring id) is assigned to each parameter check, so the
ASW can autonomously update the list of checks to be applied using only the validity parameter (no need of
additional level of control like the check selection parameter of the ECSS version) and the ground keeps full
control by enabling/disabling checks individually (in ECSS version, ground can only enable or disable all
checks related to one parameter).

Service 14:
Deviation:

The service implementation is based on routing tables requiring only the knowledge of deviations from
default settings of the next higher level defaults. If all packets of one process ID are routed in the same
default manner one entry is sufficient for the complete routing definition.

In addition in all report sub-types defined for the services, the additional parameter FSTAT is inserted which
indicates the actual forwarding status of the associated TM source packet (enabled or disabled) on the
different levels (PRID, SID, EID) as applicable for the report to be generated.

Affected sub-services: 8, 12, 128, 131
Justification:

The service 14 (and service 15 as well) offer to the operations a high flexibility for the control of the TM
packets routing (using four levels from PRID/TYPE/SUBTYPE to SID/EID). To limit information redundancy
and streamline the data handling the routing root is the application process ID (PRID) and not the complete
APID as defined in the ECSS. packet forwarding and routing. The service implementation is based on a
routing tree principle minimizing the dependencies of the routing service from a-priori knowledge of packets
to be routed/forwarded. The routing definitions are based on a minimum of one default routing for all packets
of each on-board PRID. In addition dedicated routing paths for packets identfied by above 4 criterias are
possible to define, having on each level the capability to define a default for all lower level criterias. With the
current approach, default routing rules can be defined in the Application SW providing this service based on
simple criteria (e.g. PRID only) but full flexibility is granted to the ground to change it on the fly (e.g. to
include only one particular Payload TM packet in one service 15 packet store or suppressing the forwarding
of one particular EID to the ground).

Service 15:
Deviation:

The service implementation is based on routing and storage selection tables requiring only the knowledge of
deviations from default settings of the next higher level defaults. If all packets of one process ID are routed in
the same default manner one entry is sufficient for the complete routing definition.

For the report defined in ECSS-E-70-41- for services TM 15,6 (Storage Selection Report) additional
parameters Store-Id are inserted for each level. The function of this service subtype is provided as private
service sub-type TM(15,146) which is requested by private service sub-type TM(15,145) .

Justification:

See justification for service 14.
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Service 18:
Deviation:

The OBCP function is provided as On-board macro procedure service 148.
Justification:

Service 148 implementation is strictly oriented towards an operational service to most effeciently support in-
flight operations but also FDIR definition and functional verification as well as AIT. The advantage of the
chosen approach is that there is a clear distinction between OBCP/OBMP’s and on-board SW which makes
the use of OBMP’s more robust, while still a high degree of freedom for operational and FDIR detailed
design is ensured as it relies on a composition of well verified and validated SW functions. The OBMP
service embeds the capability to upload OBCPs from user to the on-board SW avoiding other mechanism or
service.

3.3 Alignment Conventions
The following conventions have been applied for definition of the PUS data structures:
eDate types shall byte aligned
eThe smallest data entity is 8 bit ( 1byte)
eSmaller data types will be right aligned
ofiller bits are always set to zero
oThe overall packet length can be odd or even number of bytes

sWhen used, deduced parameter shall be right aligned or purely deduced

Note: TC's with parameters of type deduced need to be imlemented in the database by parameter type
specific TC instatiations.
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4 DETAILED DEFINITIONS OF PUS SERVICES

4.1 Service 1: Telecommand Verification Service

Service Summary

Service, TM/TC Description Applicability
Subservic
e
(1,2) ™ Telecommand Acceptance Report - Basic
Success
1,2) ™ Telecommand Acceptance Report - Basic
Failure
1,3) ™ Telecommand Execution Started Report | n/a
- Success
(1,4) ™ Telecommand Execution Started Report | n/a
- Failure
(1,5) ™ Telecommand Execution Progress n/a
Report - Success
(1,6) ™ Telecommand Execution Progress n/a
Report - Failure
1,7 ™ Telecommand Execution Completion Basic
Report - Success
(1,8) ™ Telecommand Execution Completion Basic
Report - Failure

Table 4.1-1: Service 1 sub-services
The column “Applicability” in the table above shall be interpreted as follows:
oAll services marked with “Basic” will be supported by all on-board packet terminals;
i.e. by all PRID's.

oAll services marked with "Specific” will be supported by a selected number of packet terminals (PRID'S).
The detailed assignment for each PRID will be provided in VOLUME B.

Objective:

This service allows the command source to verify identified commands at acceptance and/or execution by
asking the addressed application to generate service type 1 reports in the telemetry stream.

Description:

The command source can set two bits in the command packet header, one asks for an acceptance report;
the other an execution report, the two bits can be set to any value. Application SW uses these bits to
generate the required reports; No systematic on-board check is done on the report this may be done by the
command sender if required. An acceptance report is generated immediately after completion of checks on
validity of the packet header; an execution report after internal verification of TC execution. In case of TC
acceptance or execution check failures only one TC acknowledge failure report packet will be generated
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reporting the first identified failure in below defined sequence of checks.

Service 1 is used to verify that the addressed application has received and executed the packet
telecommand addressed to it. The type of response required is coded in the Acknowledge field contained in
the telecommand packet header. The response required is restricted to:

No positive acceptance/execution response (acceptance / execution success acknowledge report not
required, not applicable to acceptance and execution failure)

Acceptance Success or Failure (service report sub-type 1 or 2 required)
Execution Success or Failure (service report sub type 7 or 8 required)

The type of response required for each command depends on the function of the command and is coded
with the command definition in the Spacecraft Data Base.

Notes:

PUS-875//

Each TC packet received shall be submitted to the Static Acceptance checks defined here below
(independently from the ACK flags settings). In case any one of the following check fails the TC shall
be rejected in total

Static Acceptance Checks (eventually issuing a Telecommand Acceptance Report):

Check the constant fields in the packet header (version number, type, data field header flag, and sequence
flag) and data field header (PUS version)

Check the indicated length of the TC(5pgc < value of parameter "Packet Length" £ MAX_PCK_LENpgc)
Check the indicated length w.r.t. the number of received bytes (see note below)

eCompute packet error control word and check w.r.t. received packet error control word

oCheck the PRID w.r.t. the assigned PRID number(s)

oCheck the field PCAT (always 12 for TC)

oCheck whether Service Type/Subtype is supported (result may depend from actual context e.g. unit
mode or actually running software).

PUS-885//

Each TC packet received shall be submitted to the Execution Completion checks defined here below
(independently from the ACK flags settings). In case any one of the following check fails the TC shall
be rejected in total

Consistency Checks (eventually issuing a Telecommand Execution Completion Report):

oCheck the actual TC length w.r.t. expected TC length associated with actual service type and service
subtype.

eCheck whether parameters included in the Application Data Field are within their defined range (specific
for a Service type/subtype).

Notes: TC consistency checks shall only be performed after all static checks have been
passed successfully. TC execution shall only start after all consistency checks have been
passed successfully.

In addition to the consistency checks execution success checks (specific for a Service
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type/subtype, e.g. read back written data from H/W) may be performed, before eventually a
Telecommand Execution Completion Report is issued.

TM(1,2) and TM(1,8) shall always be generated independent from the settings of the ACK
flags.

For several reasons it might not be possible to detect an incorrect actual length. If no
mechanism guarantees that only single TC packets are transmitted/processed, an incorrect
actual length may appear as an incorrect checksum.

Explanation: Depends on HW/SW I/F, if TC's are received on-block without separation, there
are errors possible which do not allow to determine the start of the packet correctly hence
also the field interpretation may fail.

In case more than one independent parameter or parameter sets are supplied by a TC, the
complete TC shall be rejected if there is an error on one or more of the parameter/parameter
sets.

. ID
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Pkt. Length
CCSDS Flsg
PUS vers.
23062008
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CRC

Sequence Flags

Length and CRC
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Figure 4.1-1: TC Acknowledge

© Astrium GmbH — All rights reserved



Doc. No: GS2.STD.ASD.SY.00001
( Issue: 13
e ASTRIUM Date: 15.11.2012

Page: Volume A-62 of 368

SENTINEL-2

4.1.1 TM(1,1) Telecommand Acceptance Report - Success

4.1.1.1 Description

This report shall be generated if the corresponding ACK flag was set in the TC. The report informs the TC
source about the successful acceptance of the TC by the receiving onboard application (PRID).

4.1.1.2 Structure

PUS-902//
The Packet Header shall have the following structure:

PRID Must be set to a value according to the PRID Table in Volume B
PCAT Must be set to 1 (acknowledge)
Service Type Must be setto 1

Service Subtype Must be setto 1

The structure of the Source Data field within the TM Packet Data field is defined here below.

TC Packet ID TC Packet

Sequence Control

Unsigned integer | Unsigned integer

2 bytes 2 bytes

Table 4.1-2: Structure of the Source data TM(1,1)
4.1.1.3 Parameter Definition & Range

PUS-920//
The parameters of the Source Data field shall be inserted according to the following table:

Parameters of Source Data
Field

Description

Range or value

TC Packet ID

This is a copy of the 16 bits of
the TC Packet ID contained in
the TC Packet Header

Identical to the value of the
Packet ID parameter of the
received TC

TC Packet Sequence Control

This is a copy of the 16 bits of
the TC Packet Sequence
Control contained in the TC
Packet Header

Identical to the value of the
Packet Sequence Control
parameter of the received TC

Table 4.1-3: Parameters of the Source data for TM(1,1)

4.1.2 TM(1,2) Telecommand Acceptance Report - Failure

4.1.2.1 Description

This report shall be generated if the acceptance check of a TC failed. Each application process shall provide
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TC acceptance failure report independent from the ACK flag settings.

The actual failure cause can be determined by the FID and the attached parameters. Dedicated details are
given in the unit specific volumes of this documents.

4.1.2.2 Structure

PUS-940//
The Packet Header shall have the following structure:

PRID Must be set to a value according to the PRID Table in Volume B
PCAT Must be set to 1 (acknowledge)
Service Type Must be setto 1

Service Subtype Must be set to 2

The structure of the Source Data field within the TM Packet Data field is defined here below.

TC Packet ID TC Packet Sequence | Fault ID (FID) Parameters
Control

Unsigned integer Unsigned integer Unsigned integer Any

2 bytes 2 bytes 2 bytes variable

Table 4.1-4: Structure of the Source data TM(1,2)
4.1.2.3 Parameter Definition & Range

PUS-964//
The parameters of the Source Data field shall be inserted according to the following table:

Parameters of Source Data Description Range or value
Field
TC Packet ID This is a copy of the 16 bits of | Identical to the value of the

the TC Packet ID contained in | Packet ID parameter of the

the TC Packet Header

received TC

TC Packet Sequence Control

This is a copy of the 16 bits of
the TC Packet Sequence
Control contained in the TC
Packet Header

Identical to the value of the
Packet Sequence Control
parameter of the received TC

FID

Fault Identification Code

See Volume B

Parameters

Complementary information

See Volume B

Table 4.1-5
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4.1.3 TM(1,7) Telecommand Execution Completion Report - Success

4.1.3.1 Description

This report shall be generated if the corresponding ACK flag was set in the TC. The report informs the TC
source about the successful completion of the TC by the receiving onboard application (PRID)

4.1.3.2 Structure

PUS-991//
The Packet Header shall have the following structure:

PRID : Must be set to a value according to the PRID Table in Volume B
PCAT Must be set to 1 (acknowledge)

Service Type Must be setto 1

Service Subtype : Must be setto 7

The structure of the Source Data field within the TM Packet Data Field is identical with the one specified for
the service TM(1,1). See Table 4.1-2 (Structure of the Source data TM(1,1))

4.1.4 TM(1,8) Telecommand Execution Completion Report - Failure

4.1.4.1 Description

This report shall be generated if the execution of a TC failed. Each application process shall provide TC
execution failure report independent from the ACK flag settings.

4.1.4.2 Structure

PUS-1001//
The Packet Header shall have the following structure:

PRID : Must be set to a value according to the PRID Table in Volume B
PCAT : Must be set to 1 (acknowledge)

Service Type Must be setto 1

Service Subtype : Must be setto 8

The structure of the Source Data field within the TM Packet Data Field is identical with the one defined for
the service TM(1,2). See Table 4.1-4 (Structure of the Source data TM(1,2))

4.2 Service 2: Device Command Distribution Service

Service Summary

Service, TM/TC Description Applicability
Subservic
e
(2,2) TC Distribute ON/OFF Commands (HPC1) |n/a
(2,2) TC Distribute Register Load Commands Specific
(2,3) TC Distribute CPDU Commands (HPC3) Specific
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Service, TM/TC Description Applicability
Subservic
e
(2,128) TC Distribute MIL-1553 Low-Level Specific
Command
(2,129) ™ MIL-1553 Low-Level Command Specific
Response
(2,132) TC Direct I/O Specific
(2,133) ™ Direct I/O response Specific

Table 4.2-1: Service 2 sub-services
The column “Applicability” in the table above shall be interpreted as follows:
oAll services marked with “Basic” will be supported by all on-board packet terminals;
i.e. by all PRID's.

oAll services marked with "Specific” will be supported by a selected number of packet terminals (PRID's).
The detailed assignment for each PRID will be provided in VOLUME B.

Objectives

The device command distribution service provides the capability for the distribution of:
eCommand Pulse Distribution Unit (CPDU) commands for reconfiguration of vital unit functions.
#1553 bus command messages

oThe service will provide a simple interface to the API software for debug and checkout purposes

Note: Service TC(2,1) will serve as a placeholder for so called MAP_ID 0 commands, which are executed
directly by the TC decoder.These commands have a non PUS structure.

4.2.1 TC(2,2): Distribute register load commands

4.2.1.1 Description
TC(2,2) request for the distribution of register load commands.

Note: Access to internal OBC registers will be provided via TC(2,132) using the HDSW 1/O driver interface.

4.2.1.2 Structure

PUS-1079//

The Packet Header shall have the following structure:
PRID : Must be set to a value according to the PRID Table in Volume B
PCAT Must be set to 12 (telecommand)
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Service Type Must be set to 2
Service Subtype : Must be set to 2

The structure of the Application Data field within the TM Packet Data field is defined here below.

N Filler Register Address | Register Data
Unsigned integer Unsigned integer | Unsigned integer
1 byte 5 bits 3 bits 2 byte

<emmem Repeat N times ------ >

Table 4.2-2: Structure of the Application data TC(2,2)

4.2.1.3 Parameter Definition & Range

PUS-1099//
The parameters of the Application Data field shall be inserted according to the following table:
Parameters of Application Data | Description Range or value
Field
N The number of Register Load 0.... N_MAXl)
commands to follow
Address The HW Address to which the
ON-OFF command shall be
routed
Register Data register data value 0..2%1

Table 4.2-3: Parameters of the Application Data for TC(2,2)
Note 1)

N_MAX =64 (TC nested in TC(11,4) or TC(151,4) - see Figure 1.7-1 in Section 1.7)
4.2.1.4 TC Verification

PUS-1115//
TM(1,2): TC Acceptance Report - Failure shall be generated

«if one of the static checks according to Section 4.1 failed

PUS-1117//
TM(1,8): TC Execution Completion Report - Failure shall be generated

oif one of the consistency checks according to Section 4.1 failed
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4.2.2 TC(2,3): Distribute CPDU commands

4.2.2.1 Description

TC(2,3) provides the capability to address each CPDU. In that case, the TC decoder routes the
telecommand to the Central Software.

Deleted.
4.2.2.2 Structure

PUS-1124//
The Packet Header shall have the following structure:

PRID : Must be set to a value according to the PRID Table in Volume B
PCAT Must be set to 12 (telecommand)

Service Type Must be set to 2

Service Subtype : Must be setto 3

The structure of the Application Data field within the TC Packet Data field is defined here below.

CommandNo Filler PulseLength
Enumerated Unsigned integer
1 byte 5bit 3bit

Table 4.2-4: Structure of the Application data TC(2,3)

4.2.2.3 Parameter Definition & Range

PUS-1146//
The parameters of the Application Data field shall be inserted according to the following table:
Parameters of Application Data | Description Range or value
Field
CommandNo Number of CPDU command See relevant unit ICDs
PulseLength Pulse length (3 bits) determines | See relevant unit ICDs
the length of the CPDU pulse.

Table 4.2-5: Parameters of the Application Data for TC(2,3)
4.2.2.4 TC Verification

PUS-1162//
TM(1,2): TC Acceptance Report - Failure shall be generated

«if one of the static checks according to Section 4.1 failed
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PUS-1164//
TM(1,8): TC Execution Completion Report - Failure shall be generated

«if one of the consistency checks according to Section 4.1 failed

oif the CommandNo is not in the allowed range
4.2.3 TC(2,128): Distribute MIL-1553 Low-Level Command

4.2.3.1 Description

This command allows issuing a low level mil-bus command on the OBC MIL-Bus. It will be used for
troubleshooting purposes only.

4.2.3.2 Structure

PUS-1172//
The Packet Header shall have the following structure:

PRID : Must be set to a value according to the PRID Table in Volume B
PCAT : Must be set to 12 (telecommand)

Service Type Must be set to 2

Service Subtype : Must be set to 128

The structure of the Application Data field within the TC Packet Data field is defined here below.

BUS BusCou | N RT RECEI SA/ DATA WORD COUNT/ | M DATA WORDS
PLER ADDRESS | VEBIT | Mope FiELD | MopE CopE
Enum Enumer Unsig Unsigned | Boole Unsigned Unsigned Integer Unsigned | Unsigned
erated | ated ned integer an integer Integer integer
Intege
r
1byte | 1byte 1 byte | 5 bit 1 bit 5 bits 5 bits 1 byte 2 bytes
1553 command word < Mtimes >
< Ntimes >

Table 4.2-6: Structure of the Application data TC(2,128)

4.2.3.3 Parameter Definition & Range

PUS-1180//
The parameters of the Application Data field shall be inserted according to the following table:
Parameters of Application Data | Description Range or value
Field
Bus Identifier for the addressed Platform Bus = 0b
MIL-BUS;

Payload Bus = 1b

BusCoupler Selected Bus Coupler for the MIL-Bus A = 01b

selected bus
MIL-BUS B = 10b
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Parameters of Application Data | Description Range or value
Field
N Number of command words to | 1.... N_MAXl)
follow
RT Address The MIL-Bus terminal address /
sub-address where the
command shall be sent to
Receive Bit Flag indicating the remote 0=RT to receive;

terminal RT to receive or
transmit a message:

1=RT to transmit

SA / Mode Field Used for RT Subaddress or
identification of Mode

Commands

Data Word Count / Mode Code | Number of Data Words to be
either received or sent out or

the Mode Code

00000b or 11111b identifies
mode code.

M M-Count: number of repeated
Data Word(s) field(s),

if no data words: M =0

the value of M is equal to the
value of 'Data Word Count'
except M = 32 when 'Data
Word Count'=0.

Data Words The data words of the mil-bus

message

Table 4.2-7: Parameters of the Application Data for TC(2,128)

Note 1)

N_MAX =
4.2.3.4 TC Verification

PUS-1225//
TM(1,2): TC Acceptance Report - Failure shall be generated

«if one of the static checks according to Section 4.1 failed

PUS-1228//

TM(1,8): TC Execution Completion Report - Failure shall be generated

«if one of the consistency checks according to Section 4.1 failed

e|n case of 1/O error on Mil-bus command execution

4.2.3.5 Remarks

Operational Constraint:
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A new TC(2,128) must be uplinked only after the TC acknowledge for the previous TC has been produced.
4.2.4 TM(2,129): MIL-1553 Low-Level Command Response

4.2.4.1 Description
TM(2,129) is the response to TC(2,128).

4.2.4.2 Structure

PUS-1237//
The Packet Header shall have the following structure:

PRID Must be set to a value according to the PRID Table in Volume B
PCAT Must be set to 1(acknowledge)
Service Type Must be set to 2

Service Subtype

Must be set to 129

The structure of the Source Data field within the TM Packet Data field is defined here below.

BUS MIL- 1553 | BUS BCStatus | RTStatus N Data Words
Command | Coupler Word Word
Word
Enumerate | Unsigned |Enumerate |Unsigned |[Unsigned |Unsigned |Unsigned integer
d integer d integer integer integer
1 byte 2 byte 1 byte 2 byte 2 byte 1 bytes 2 bytes
< --repeat N times -- >

Table 4.2-8: Structure o