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CAN BUS HARDWARE

CAN bus is a twisted pair of cables and a ground cable

CAN-H

CANHL-

%
%

recesdve:

H

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].
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doninant

Pin # | Signal Names Signal Description
1 Reserve: d Upgrade Path ® 0 o)

2 CAN_L Dorminant Low

3 CAN_GND Ground

4 Reserve: d Upgrade Path

L CAN_SHLD Shield, Optional

6 GHD Ground, Qptional

7 CAN_H Dominant High

8 Reserve: d Upgrade Path

g CAN_y+ Fower, Optional

The standard connection is a
9 points cannon connector

A dominant state is potentiel between CAN-H and Can-L

A recessive state is no potentiel between CAN-H and CAN-L

© ASTRIUM
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System Bus Prime (1553)

Redundancy In space systems

System Bus
Controller
(SCU) I

System Bus Redundant (1553)

CAN Bus

(=]

CAN Prime (Bus #1)

(PIU)

CAN Bus AN Redundant (Bus #1)
Master Redt. |— - #2)
(PIU) [ I B dn

ON/OFF TMITC

Master Prime | — 3.1.1

Bus #2
Bus assi
Bus #4
CAN Slave CAN Slave
Node i Node j

redundancy on telecom architecture exemple

Exemple of redundancy in Sentinel 1

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].
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Application
CAN
controler
Active bus
selection e
[ 1
Transceiver Transceiver
A B
Bus Prime
Bus
Redundant

redundancy in can slave node exemple
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CAN 2.0A frame

Artitretion Field
12hits

DetaField CRC ACKField | FEof F
Oto8lytes 16 tits 2tits This | 3bis

Irter frarre space
3recesive bits

— 7recessive hits

Aclkslat bit: dominant ifvalid iressepe

Ceefficiernt calculated by deshuffed bit
streamwhich inchicke SCF, AF,CF.LF
CRC1s cdeulated an 15hits CORC delinmater
isrecessve kit

P Detatobe trarnsferred mn data frames
SRR substitube RemoteRecquest: 1 recessive bit

=|IEE:ch'ﬁﬁa'Bma'lﬂ'm: 1recesdve Bt
|]ZIC DxtaLength code 4 bits

|BEEeidet1:i_ﬁert11hits
-

—lR']RIEIIlie&arEﬂ'IiSEﬂHLIEqI.EEt 1 tat domnant for data fiame

P Sinple tit daminart

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].
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SOF: defines the exchange start, itis a
dominant bit.

The bus must be idle before all nodes must
synchronize on the edge before the start bit
transition

Arbitration field: The arbitration is made by
this set of 11 bits , ID10 to ID4 must not be
all recessive.

RTR: remote transmission request is
recessive if a request frame, is dominant
during data frame

Reserve bits: are used to guarantee future
ascending compatibilities.

DLC: indicate data number in data field , min
isOmax =38

Data field: useful data transmitted with Most
Significant Bit firstly.

CRC: 15 bits of CRC and 1 bit CRC delimiter

ACK: each time a receiver node has
correctly received a valid message , it
superimposes during the time slot of ACK
slot a dominant bit . the ACK delimiter must
always be recessive, when a message has
been correctly received the bit ACK slot
(dominant) is surrounded by two recessive
bits.

End Of Frame: sequence of 7 successive
recessive bits , the stuffing and destuffing
are deactivated during this sequence of end
of frame.

Interframe: no one node is authorized to
transmit a frame, only an overload action is
enabled

For a request frame the RTR bit is recessive,
this bit allows to differentiate both frame
types. Data field is always empty.
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CAN BUS ARBITRATION

The arbitration is a solution which is provided to give the communication support to one node by trying to get its control.

When the bus is free, two or more nodes can start simultaneously, so there is a conflict on the bus which is resolved by a not
destructive bit to bit arbitration all along the identifier content. This solution makes that there is no loss of time or information.

Nodel 0| 1 1o o) 1 1 LOST When 3 nodes try to transmit,
I they are emitting and listening

at same time, the rule is that if
WON the node does not emit
(recessive bit) and it measures
a potential difference
(dominant bit) then it stops its
transmission.

Node 2 0 1 1 0 0 1 0 1 0 0 0

Node3 g 1 1 0 0 0 1 0 1 LOST

This arbitration is only done on
the field identifier

CANBUS 0 1 1 0

There are two types of frames,
data frame which drive data
and remote frame which inform
others nodes of the network
that.itwants to receive data
from them.

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].
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CAN BUS BIT STUFFING

If 65t corsecutive 1, then transparency hit = NRZ coding type is used in order to
is inserted inthe frame limit the number of transitions, but

lay down to a very stable clock to
avoid jitter problems, the bit stuffing
Qriginal fiarre method resolves this problem

= The worst case happens when a set
transmit fiane of 5 consecutive identical bits is
followed by 4 opposite identical bits,
this situation generates 25% bits

If &5t corseautive 0, then transparency bit more
is insertedin the frame

= The bit stuffing consists in:

Insert a ‘0’ after five consecutives ‘1’

Insert a ‘1’ after five consecutives ‘0’

The worst case happens when a set of 5 consecutive identical bits is
followed by 4 opposite identical bits, this situation generates 25% bits more

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].
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This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].

|

CAN BUS error management

= 5 different types of error:

Bit Error: a bit error occurs when the bit monitored is different from the bit sent , except if sending a recessive bit during the stuffed bit
stream of the arbitration field or during the ACK slot

Stuff error: a stuff error must be detected at the bit if six consecutive equal bit level in a message field which should be coded by the
method of bit stuffing

CRC error: the receiver calculates the CRC in the same way than the emitter, a CRC error is set if the calculated result is not the same
than in CRC sequence;

Form error : detected when a fixed form bit field contains one or more illegal bits
Ack error : detected by a transmitter whenever it does not monitor a dominant bit during the ack slot.

Two error counters are implemented, a receive error counter, a transmit error counter
Counter features:

The transmit error is incremented if a transmission error occurs.

The receive error is incremented if a reception error occurs.

The counter decreases if correct message, it increases if erroneous message

The counting is proportional, fast increase ( 8 unities if bit error), low decrease

Error active definition:

If both counters are between 0 and 127, the node goes in error mode active. The functionality is working, but in case of error,
there is a transmission of active error flag during error frame.

Error passive definition:

If one the counters are between 128 and 255 the node goes in passive error mode. The functionality is working, but in case of

error, there is a transmission of passive error flag during error frame. AsTRlUM

A” the Space yOU neeag WY AN EADs cOMPANY
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CAN OPEN o

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].

Object

Communication - 1000H :} Pr'u"-:ess
1001 Environment
SD0 :

1600H

CANopen Device

CAN open is a standardized application for distributed automation systems based on CAN (Controller
Area Network) offering the following performance features:

Transmission of time-critical process data according to the producer consumer principle

Standardized device description (data, parameters, functions, programs) in the form of the so-called "object
dictionary”. Access to all "objects" of a device with standardized transmission protocol according to the client-
server principle

Standardized services for device monitoring (node guarding/heartbeat), error signalization (emergency messages)
and network coordination ("network management")

Standardized system services for synchronous operations (synchronization message), central time stamp
message

Standardized help functions for configuring baud rate and device identification number via the bus

Standardized assignment pattern for message identifiers for simple systemsconfigurations in the form of the so-
called "predefined connection set"

T — ‘ |

All the space you need
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CAN OPEN

= object dictionary : The object dictionary is like a table
that holds all network accessible data and each CAN

0000h Not Used open node must implement its own object dictionary (OD).

0001h - 025Fh | Data Type R The OD contains a description of the CAN open

0260h - OFFFh | Reserved to any configuration and functionality, and may be read and
Device written to by other CAN open nodes.

1000h - 1FFFh | Communication Profile Area

2000h - 5FFFh | Manufacturer Specific Profile Area

= datatypes objects: contain the different used data
types ( integer32, char , float32, complex structures.....)

6000h - 9FFFh | Standardized Device Profile Area

AQ0Oh - AFFFh | Network Variables

BOOOh - FFEFh | Reserved for Future Use = Communication objepts: co.ntain data gllowing to
configure how the equipment will communicate on the
ooooh 16 Bltindex, network, ( exchanged data , consumer server protocol,
LB synchronization activation.....
2l > £ $ Number of Entries
1 . . . . .
L et = Manufacturer specific objects : objects which be
i 2nd Object Entry

defined by the manufacturer in order to store parameters ,
specific data .....

[ 254y, 554th Object Entry = Standardized objects : contain applicative data which
—222p Reference to Data Structure can be exchanged on the network. The object content can
be standardized.if-the object is in accordance with a

The OD is organized as a collection of entries like a
table. Each entry has a number called an index( 16
bits) which is used to access the entry , each entry
may have up to 256 sub entries , reference using a 8
bits value, each entry has at least one subentry.

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].

profile area:

FFFFh

© ASTRIUM
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CAN OPEN object dictionary access

The COB-ID is the communication object
atis e Identifier and is coded on 4 bits
. , The Node-ID is the node identifier is coded on
l 7 bits, so allow having 127 nodes (hode
IR identifier O is used for broadcast)

CANidkrtifier Uke Cooment . COB —ID
AT BT - icxity Function A . Comm parameters
000 ghest pricrd i ange :
MANAGENENT Object code Calculation (hexa) at OD index (hexa)

EMERGENCY 0001 080 + Node ID 081 - OFF

SYNC
PDO 1 (transmit) 0011 180 + Node ID 181 - 1FF 1800
e R SoTTED PDO 1 (receive) 0100 200 + Node ID 201 - 27F 1400
LELIEE TmremilEDe DRI PDO 2 (transmit) 0101 280 + Node ID 281 - 2FF 1801
201-27F Recsive FDO 2001 NCCEID PDO 2 (receive) 0110 300 + Node ID 301 - 37F 1401
- PDO 3 (transmit) 0111 380 + Node ID 381 - 3FF 1802
PDO 3 (receive) 1000 400 + Node ID 401 - 47F 1402
S81-5FF TRANSMIT SS8OHNCLCEID

v PDO 4 (transmit) 1001 480 + Node ID 481 - 4FF 1803

GO1-67F RECEIVE SDO GOOINCLCEID loaest priarity

1403
1200

PDO 4 (receive) 1010 500 + Node ID 501 - 57F
SDO 1011 580 + Node ID 581 - 5FF

(transmit/server)

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].

SDO 1100 600 + Node ID 601 - 67F

H Leceieclicnt
1110 700 + Node ID 701 - 77F
NMT Error Control

All the space you need > ANEADS COMPANY
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CAN open Process Data object (1/2)

Goal of PDO is to give the possibility for a node to —
transmit their data whenever they want and to place | _ . | ) F
multiple process data variables into a single 1

message.

For each PDO in a system there is only one node
producing it, and for that node this PDO is a
TPDO, there are also one or several nodes that
receive and consume the PDO, for all node
consuming it, the PDO is a RPDO.

The PDO is used for real time transmission of process data. The transfer
Is limited to max 8 bytes, the definition of data is described per “PDO
mapping”, the transfer is unconfirmed, there is 1 CAN identifier per PDO

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].
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CAN open Process Data object (2/2)

T
- 0
-',E.“ 5 Object Dictionary
Q= -
=22 Index | Sub-Index Data Description
§ % 0000h 00h N/A Not Used

T
>3 l
= ]
2E ! PDO Mapping Parameter List
- 3 1
wE Index | Sub-Index Data Description
o g 1B0OOh 00h 04h Number of Entries
&% 0ih /600001 08h |Idx 6000 - SIdx 1 - 8 Bit
T 5 02h /, 6000 02 08h Idx 6000 - Sldx 2 - 8 Bit
2e 03h //16A00 01 10h  |Idx 6A0O - Sldx 1 - 16 Bit
03 04h// /4 6A00 02 10h Idx 6AD0 - SIdx 2 - 16 Bit
0 c L
<G !
(L= .
T = ' Process Data
2o Index | Suyb/Andéx Data Description
ES 6000h ¥ 01/ xx 8 Bit Digital Input
£3 02/ | xx f, 8 Bit Digital Input
T

<€ i
w“ 2 |
_‘%E‘ | / Prgcess Data
g g Index | Subfindex |/ Data Description
gt 6A00h | "9ih  xkxx | e 16 Bit Analog Input

F 5
3 : B2h o | e\ 16 Bit Analog Input
= C 1
0 ® i
=8 !
c I
o0 1
% FFFFh
0.8
25
o E
= £
28

[) DIN 1 DIN2
g9 TXPDO n
30 Byte 1 Byte 2
3t
T
o<
cwn
=

There are 4 major transmit triggers methods in CAN open :

Event driven : PDO is transmitted on occurrence of an event
, €.9. change of input

Time driven: triggered by a time periodic event

Individual polling : PDO is transmitted only upon request
from a remote device

Synchronized ,group polling: PDO is only transmitted upon
reception of a SYNC message

PDO mapping provides the description of process data to be
transmitted or received within a PDO.

The PDO mapping specifies how the data is mapped in a
message.

Process data which is transmitted or received within a PDO
is specified in a “Mapping Parameter List” in form of a
reference (Index, Sub-Index) in the Object Dictionary.

Each PDO has its own “Mapping Parameter List” which can
also be accessed through the Object Dictionary

All the space you need
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This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].

CAN open SDO communication

3 Major communication modes:

Expedited transfer: up to 4 bytes which can be directly embedded in a SDO
request or response, suitable for access to OD entry

Segmented transfer: allows for transmission bigger than 4 bytes

Block transfer :optimized transfer for OD entries that contain large amounts
of data , up to 889 bytes segmented into 127 messages of 7 bytes

. :\-

All the space you need
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CAN open SDO communication

Expedited transfer download

Byte O Byte 1.3 Byted..7
Server commrand Index, subindex Expedited data
Cliert SDO DOVNLOAD RECLIEST
,--"'"'-__--
Byte O Byte 1.3 Byted..7
Server commrand Index, subindex Reserved
Cliert SDO DOVMNLOAD RESPONSE

I "

All the space you need
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Initiation command

Byte O :

Client Comm Specifier =1
Nb data

Byte 1..3:

OD index and sub-index this
write should go to

Byte 4..7 :

Data bytes

Server response

Byte O:

Server Command specifier = 3
Byte 1..3:

Index and sub-index that
received the wriet access

© ASTRIUM
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CAN open SDO communication

Segmented transfer download

Byte O Byte 1..7
Server command datasegment

\,

0
A

Byte O Byte 1..7

0
A

SDO segnert DOVWNLOAD RESPONSE

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].

All the space you need
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SDOsepment. DOVNLOAD RECLEST Server

When the initiation sequence has
been negotiated this message is used
to transmit the next sequence

Byte :0ccs =0
Byte 1..7: data segment

For each transfer there is a response

ByteO:scs=1

© ASTRIUM
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~ CAN open SDO ¢communication

5

ird party without the written consent of Astrium [L/SAS/GmbH].

roperty of Astrium [Ltd/SAS/GmbH] and is strictly confidential.

is document and its content is th
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Byte O
client conmand

3 bytes multiplexor
Index sub-index

Byted
Blisize

Byte 5

Byte 6.7
Reserved

Byte O
sener command

bytel.3

rrultiplexar
Indlex sub-index:

Byte 4.7
Number of byte size

Byte O
client command

Byte 1.7
resenve!

ByteO
Seq counter

Byte 1.7
Segment data

Byte O
client command

Byte 1
AclSeq

Byte 2
Blk Size:

Byte3.7
reserved

Byte 0

server cormmand

Byte 1.2
CRC

Byte 3.7
reserved

Byte 0

client command

All the space you need
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Block transfer upload

Initiation command :
Byte 0 : Ccs = 6; size indicator

Byte 1..3 : index and sub-index of OD entry the client wants to
read

Byte 4: number of segment per block

Response from server gives the index and sub-index and
number of bytes that need to be transmitted.

Client sends the command to start the transfer
Server sends block until end of transfer

Client can (if programmed) send the number of segement
acknowledged , the server must re-transmit those that are not
acknowledged

Message of server ‘confirmation at the end of upload block

Client confirmation that the transfer is finished

© ASTRIUM

AN EADS COMPANY



CAN open Network management
communication

NMT Master message

NN MBSTER

Byte O

Byte 1

Server comrrand NCCE ID

N Miaster Message:

HeartBeat

HEARTBEAT Produoer

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].

ByteO
NNV State

HEARTBEAT Conguimers

All the space you need
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The NMT message has the CAN message
identifier 0 and contains 2 bytes. All slave
nodes must be able to receive this message
and act upon its content

The byte 0 commands to switch in a specific
NMT state .

Byte 1 addresses all nodes if O or a specific
node ID

The heartbeat message sent by a node has
the CAN message identifier 700 plus the
node ID , it only contains one byte showing
the NMT state of that node

© ASTRIUM
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Can Bus on sentinel 1

BUS B1

BUS B2

his document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].
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The communication between SES-ICE (integrated control unit) and
TCU (thermal compensation units) is done through ACB (Antenna
Control bus) which is a CAN 2-0B bus.

Additionally SES-TGU (Tx Gain Units) is also connected to ACB.
The transmission rate is 500 Kbits/s

4 types of messages are provided :
Data frame: carries data from a transmitter to the receivers

Remote Frame: transmitted by a unit to request the transmission
of a Data Frame

Error Frame: transmitted by any unit upon detection of a bus error.

Overload Frame: used to provide for an extra delay between the
preceding and the succeeding Data Frame or Remote Frame.

© ASTRIUM
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CAN arbitration field on sentinel 1

Bit Bit Bit Bir Bit Bit Bir Bit Bit Bit Bir Bir Bit Bir Bit Bir Bir Bit Bir Bite | Bits | Bit7 | Bite | Bits | Bita B3 | Bic2 | g1 | Bito NOde ID

28 27 26 25 24 23 22 21 20 19 15 17 16 15 14 13 12 n 10 1000001
Function code NODE 1D = Terminal Address Spare Message fype Spare Buffer address Spare TG U 1000010
TCU1 1010001
Function code TCU2 1010010
TM/TC Protocol 1000 3 Protocol for transmission of PUS Telecommand and TCU3 1010011
Telemetry Packets between ICM and TCUs e 1010100
o TCUS 1010101

TGU Protocol 0100 2 Protocol for transmission of messages between ICM
TCUG 1010110

and TGU
Time Distribution [Me[0ke] 1 Protocol for setting of Instrument Onboard Time in
SCET(Time code) [MojokKeo)
Protocol
TCUs 00111
Function code 01000

=
100 plireisit 00001  Buffer for storage of one TC Packet, which is transferred by a 512 Octets 01100

series of Transfer TC Messages

\eyrZareltbsZ s 10110 - Buffer for storage of a Complete TC Message, which triggers 8 Octets
the execution of a TC

00100 Buffer for storage of a Time Code Message 8 Octets

01011 Buffer for storage of a Request BSA Message, which 8 Octets

ICM-T5/TCU-R5
ICM-T3/TCU-R3

requests transmission of status data

-The Function Code field is the most significant field for bus medium arbitration. Therefore all

messages transferred using this protocol will have a well-defined priority level. This layer has the highest priority.

-The 7 bits determine the node Id (or terminal address), the terminal address shall always be the destination message. The value
indicates a second level of priority. The ICM has a higher priority than TCUx if TM/TC protocol messages wants to have access to

bus at same time

-The buffer address determines the buffer in which the data is to be transferred, (it is quite similar to 1553 sub-adresses) there are
currently 12 buffers addresses defined listed below l

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].
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CAN open use on telecom

SystemBus [T (%] * Requirements
Controller System Bus Redundant (1553) E
& LSSB suffer from some limitations. The bus is limited to
CAN Bus CAN Prime (Bus #1 a maximum length of less than 8 meters and a data
Mas;;: S)rime = §§§§§ (=] rate of between 8 and 16kbps. LSSB utilizes differential
signaling and has 5 signal/clock lines each requiring

CAN BUS AN Redundant (Bus #1) B their own twisted pair. This means that a total of 10
Master Redt. — - Bus #2 ) ) :
L = R lines, excluding power and ground, are required for
LSSB operation. Furthermore the maximum number of
CANSlave | cansiave | nodes which can be connected to the host using a
onerFTure Node! Nodel Il single LSSB is 32 and these nodes must be connected
in a daisy chain network.

The purpose of this serial asynchronous bus is to allow
serial data transfer between one bus Master (MPIU) to
several Nodes or Slave payload equipment’s (Channels
Amplifiers, Antenna (CAMP) Pointing Mechanism
Electronics (APME), Centralized Power Supply Unit
(CPSU)...).

A maximum of 63 slaves nodes are connected to a
CAN bus in addition to the CAN bus Master.

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].
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CAN open use on telecom payload

= The present activity on E3000 is to change LSSB bus to CAN open bus with a
minimum of modifications

=  Complexity will be integrated step by step in the system, so in a first phase, only
telecommands and telemetries will be adapted to CAN open

= The functional mode is master/slave mode and it will not be changed, the slaves
do not generate a large amount of data, the LSSB bandwidth is lesser than CAN
open , so a secure functionality which respect the standard and the previous
functions is sufficient

= To respect previous requirements and remarks:
Network management is not used

SDO communication mode is not used or limited to ground for integration
Remote request mode is not encouraged

Sync protocol is not authorized

Heartbeat protocol is disabled by default

Emergency objects are not produced by slaves

© ASTRIUM
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CAN open use In telecom payload

MPIU
. . Object Object
= TM requestis sent by MPIU to bus terminal dictionnary Receive PDO 2 dictionnary
= |tis data frame containing a function code ( one of the indication request
four PDO receive, the slave node ID, O to 8 bytes of data 1401h | < IO‘ l‘ 1‘ OI ‘ 'FOPEPE# ‘ H:l‘l ‘ ‘ 0=DLC=8 ‘ ‘ |—<— 1801h
COB-ID RTR DATA
. . . . dominant
= DATA transmission follows immediately
= Data transmission contains ( a function code (one of the request indication
four PDO transmit, the master node (01 for nominal n, 2 1801h - _IO‘ 1‘ 0‘ 1|0‘0 0‘ 0‘0‘0‘ 1|‘E‘| ‘ ‘ 0sDLC=8 ‘ ‘ |_'= 1401h
for redundant),0 to 8 bytes of data COB-ID RTR DATA
Dominant
Transmit PDO 2

= DATA transmission is sent MPIU to slave SLAVE UNIT MPIU
node Object Object
= Data transmission contains ( a function code (one of the dictionnary Receive PDO 1 dictionnary
four PDO receive, the slave node ID, O to 8 bytes of data 1200 | cation 0‘1‘0‘0' ‘ #40##@ ‘ | |:| | ‘ ‘ Td<plc<s ‘ ‘ < oo
= The service based on RPDO is used by the CAN master COED —STh
to send unconfirmed command to one slave unit. Rt

The exchanges between PIU and payload equipments are defined with a Master/Slave approach. The PIU is
the Master of the CAN bus and initiates all exchanges.

T —————
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CAN open on EXOMARS

= Network Management (NMT) Communication follows a typical Master/Slave approach.

= Talking about masters and slaves in a network implies that the master has some sort of control
function over the slaves. Typically this includes shutdown and/or reset of single nodes or the entire
network. Once the master/ slave relationship is established, the direction of control is always from the
master to the slave(s).

=  Service Data Objects (SDO) follow a Client/Server model

» In a client/server environment the server provides “services” to the network. A typical service could be
serving data access points (inputs and outputs) to the network. A client is a network node making use
of these services. Whether a network module becomes a server or client is completely unrelated to its
status as a master or slave. The master implements some client and server functionalities.

= Process Data Objects (PDO), that will typically embed periodic status data transfers, are
implemented as a Producer/ Consumer model.

= A producer transmits data to the network and a consumer receives data from the network. For a
specific set of data there can only be one producer and there is at least one, but possibly multiple
consumers for that data.

= Heartbeat protocol (HB) which monitors the network state also follows a Producer/Consumer
model.

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
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CAN open on EXOMARS functionality

= CAN BUS data exchanges 1Mbits/s
= 2 CAN bus interfaces
« platform Bus
- Payload Bus

= CAN management function shall handle for each CAN bus slave device:
= A device name
= An associated bus (platform or payload)

A base node id (range 1...127)

A node mask. The number of nodes supported by the device (node id count) is “128 - node_mask”,
having consecutive numbers starting from the base node id)

The number of PDOs supported by the device (4 per node => up to 128 PDO for a 32 nodes device)

= QObject dictionary

= The CAN management function shall manage an internal private and non-dynamically built
representation of the object dictionary based on an EDS template.

= COB-ID
= The CAN management function shall send COB-IDs on standard CAN 2.0A 11-bit identifiers
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CAN open on EXOMARS Framework

SYNC Message at slot 0

HK is received during PDO slot in response to SYNC

= A SDO slot allows to process 2 transfer blocks SDO at a time
(upload or download) a transfer block SDO is up to 127
segments in 40 ms

= Network management TC (NMT) cyclic commands (TC) are
sent in the TC slot NMT/HB capability at 10 Hz

= HeartBeat messages can be received at any slot

= If expedited SDO are requested , they also use the SDO slot

= Example of SDO block download

TPDO with index 0x6001 from any base node id as a Buffer
Support PDO notifying either the successful completion of the
previous SDO download command or the request for an SDO

upload.
= 6001h (index)
= Subindex

= 0 : Number of sub-entries

= 1 Buffer status: Ox1: Ready for uploading 0x2: Ready for
downloading

= 2 SDO content: 0x0 HK data Ox1 Dump data 0x2 Science
data

= 3 Size: number of bytes to be transferred, via a single or
multiple SDO blocks transfers

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential.
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= The CAN management function shall process asynchronous slave

TM window = 100ms

message SW Cycle=100 ms/ Timer = 10ms (100Hz) => 10 slots of 10 ms
1 block per SDO => 127 segments=>888 bytes

1 CAN message = 108bits =108 ps

TC window = 100ms

200ms

1]

10 ms

ad - e L

P R ] »  Slot num

FDO slot

TM SDO slot

PDO slo

COIP execubon ime=2 ms lor BBE byles

R:

TC or TM SDO slot

Payload

1 CAN message = 108bits ->108 ys
Quick handshake

requested => aclive
paling

()
=
@

10 ms

10 ms

" 14 s

10 ms

| Minimum e:eﬂnn time=14Tus

Tima to load naw payload data in the bufier <10ms
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CAN open on EXOMARS
function availability

In INITIALISATION state, the CAN management function
shall configure the CAN controller to work at a predefinec
bit-rate of 1 Mbits/s, and send the boot-up object (first HE
then automatically enter the PRE-OPERA-TIONAL state.
In INITIALISATION state, the CAN management function
shall ignore incoming messages.

In PRE-OPERATIONAL state, the CAN management
function shall start the SYNC producer service, and
authorize SDO and NMT management.

In STOPPED state, the CAN management function shall
disable the SYNC producer service, the SDO service anc

the PDO service. (only NMT management is allowed, inc.

HB

In OPERATIONAL state, the CAN management function
shall start the PDO service and enable the SDO and
SYNC services if they are disabled).
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The CAN management function shall support the
following NMT services and protocols:

» Start Remote Node
» Stop Remote Node

* Enter Pre-Operational

* Reset

Node

* Reset Communication
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