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Context °
Classical avionics architecture
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Context ° °
A new kind of avionics architecture

On-Board Computer

Board 1

MPSOC

“Multi-Processor System On Chip”

Function 1 Function 2

Processor

Board N

Function 3 Function 4

FPGA
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Context o
FATI Studies at CNES

FATI (Future Highly Integrated Avionics) studies aimed to help developing future
highly integrated avionics architectures and analyzing their impacts.

ESA LSI OBC Development

CNES | | i ESA
Studies i i ! Studies
FATI 1 FATI 2 FATI-FC Model-based avionics
Avionics functions FMEA on new SOCs Avionics modelling by
trade-offs and potential and global reliability functional chains and
Impacts analysis analysis at OBC level traffic simulation
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Why MIBSE ? »
A matter of complexity

- Using SOCs = Higher level of integration = Higher complexity

SoC Services
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Why MIBSE ? ¢ o
Capella Tool

Operational Analysis
What the users of
the system need to
accomplish

Functional &

Non Functional Need
What the system has to
accomplish for the users

Need understan-ing

Logical Architecture
How the system will work
to fulfill expectations

Physical Architecture
How the system will be
developed and built
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The Functional Chain Approach o
What are functional chains ?

Functional chain:

Set and succession of functional blocks involved in the
realization of a particular functionality/process of the system.

Example: functional chain that describes the functionality of the
system to process an external command that it receives.
Receive a Decode the Route the Execute the
command command command command

AN
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The Functional Chain Approach - »
Proposed Methodology
1) Identify and define the physical elements that are common to all functional
chains, which will be used to allocate the different functions and behavioural
components of the system.
Soczi:ices -EPmcesaing&l:systm l :I:mmm {ZFPGA Fabric
GIC
Cortex-R52
Cluster
i Memories
o Architecture BRAVE NG-Ultra ‘ '
=N - NX ey |
In our case we needed to model the SOC internal elements used to host the functions
‘ \\
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The Functional Chain Approach o
Proposed Methodology

2) Initialize one physical architecture diagram for each
functional chain

Template

@Processing Subsystem | | ARM
Inter connect

GA Fabric

Functional Chain 1 Functional Chain 2 Functional Chain N

Subsystom | | ARM FFGA Fabric Pracessing Subsy =
...... nnect Interconnect Intercomnect

mmmmmmmm
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The Functional Chain Approach o
Proposed Methodology

3) Add only the element of interest in the dedicated diagram, i.e.
only the elements that concerns the related functional chain

L] - .
iZProcessing Subsystem EIAR_H {dFPGA Fabric
Interconnect
Behaviour
. Behaviour Behaviour
Function [«
. Function
Function
A
1 | |
Function <
= Memories

=2\,
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The Functional Chain Approach o
TC Chain Example
i Processing Subsystem ‘ ' a~tM {0FPGA Fabric = 1
( 0 T7C Management 0 ] padirect command Comm;nd Seneator
( > - enerate
DETC to store s Becacer Soguc (1) ® LLe/DLe
;© Store TC J L
D&enable lsablad&ry_p_t_vgy_'
(" 3TM Encoder (IP)
1| [oeswrc
Dadeffered TC & Manage ute TC segment © Retrieve TC
»] N
e oded TC L Information
Da i s
2l comman [ @Decryption (IP)
: Decode io Décevirt
® Raise In t > Segment my:und
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i & Clear t
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cnes
Use Cases o e — _
Data traffic and End-to-End latencies simulation e — m,.,.:.,,

| I Y Add Spacewire Link Propesties I
I & Remove Spacewire Router Properties

MOST (Modelling of On-Board Space = |
Traffic): \mim :

/ I B Remove Spacewire Dock Properties I
O - &l‘knww Spacewire Link Proparties_,
' -

 Tool developed by Thales under
ESA funding.

« Based on NS3 (open source tool
for networks simulation).

« Allow to simulate data traffic for
space communication links.

» Currently supports Spacewire and
Spacefiber

» Other protocols supported soon.

Viewpoint in development to use Capella as MOST GUI
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Use Cases «
Data traffic and End-to-End latencies simulation

Simulation topology definition

Nominal section Redundant section
| @ @ B

L
f L -
Simulation Simulation ——
Router Router
x“‘énmunk\__énm Lirhf/

Red Red

N—  N—

App4 App4

- Represents the data transmitted through the link connecting the
nominal and the redundant SOCs

b))
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Use Cases o
Data traffic and End-to-End latencies simulation

Verification on the definition of the Functional Chain Latencies Validation on Functional Chain

A p p A p p A p p A p p A p p A p p A p p A p p TO t al “te from /$ns33 iNodel i stPrivAModelist/0/%ns3: tNode/ $ns3: tEndPointT: [ETESTRRT]T to i lsL/l/snSS::Nude/fnsﬁ::EndenLT1mecudeManager/[ETEEND]TmecudeRecexved —_—
1 2 3 4 1 2 3 4 _ l |

Packets . I ]
42 23 23 17 17 17 17 10 166 ]

Pack_etS 113 1 1 18 18 2 2 11 166 . J M
Received

Validation: l l

« All packets sent are received

« No congestion (no buffer full)

Functional Chain requirements can be validated

N\
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Use Cases

\)
(]

Avionics architecture comparison and requirements mapping

Same functions, different physical implementation

©0n-Board Computer

A ) MPSOC/OBC Redundant SOC
=
B Redundant CSEL aCP! ©ECPU
i Transceivers . Elron = = 5 U
Generate & Monitor redundant = @Transceivers €@ Processor Cores €8 (Appli) Access Protection Management (Appli) Access Protection
v tiah — Mode -> all sources are terfaceType = Electrical By t
| operative status _ = pecepted pdeinchio lanagemen
L . i s Generate & Monitor redundant
DI CPDU TC command sequence request e : ; Provide a processing capability i 3 -
4 enerate lonitor
H o) n Pl oferativ status 2
TC Decod: (rT o me:: ::' [*] °F;::u":= | EACPDU CPDU Pulse Commands Interface ] I . vedunda?!(uperatlve
£ status
Receive & Convert R €ACSEL @ Distribution Receive & Convert ClbEEmh
TC signal Detect and 7 TC signal DITC Segmens| )
% D sina| | eteC 4nC Generate & Monitor redundant e et 2 STl EFPGA N
: ; operative status % >
signal Providea - B(IP) TC Decoding {8 (IP) Essential TC
processing D8 operativg status - DETC signal — operative sfafus
capability Distribute commands P e DO extedrbl status
deffered T e .
3 lcPDU comman| oritise the requests & Provide ,
Tc au Route TC JABIC Seqmentlly generation Hafa access protection »CPrioritise the requests & Provide
[0 segments 5 7 = DETC CLTU format access protection reconfiguration
fofmat | 2y - J dSecurity Unit pgencrfpted 1C v Lo
@Security Unit decoded & . SepmerfS ; D8 Prioritary TC
Do ted 1 rTC Segments ba = % o ‘onditioned TC Verify TC
segments fi i fdcroM {0CPDU Drivers idi
9 T R Daprioritary TC lfeck TC segments validity and | oy 1o, Generate .
Dy enclypted TC A D9 valid cleanness an error | Recorifiguration
S¢gments Verify TC Check TC segments validity antPt . DD Valid TC
dleanness Provide security| Route TC segments L
Provide securi \nitiate Condition the command - & Jacry eI s S:t:le __Mode > all
3 ues = sources are
services pglecripted i€ C7C Reconfiguration = = DOCiond IC Rlef o
segments ecrypled Decode TC ts N
g P? Legmens SendeLscamen Distribute commands
_ o 3
) To subsequent units. -
L J | L 3 J ?
I D4 enable/disable RM BATC Segments
[l Enable reconfiguration from ground [l Enable reconfiguration from ground

functional chain approach - focus on one specific aspects of the system - complexity easier to handle

‘ \‘
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Use Cases o
Avionics architecture comparison and requirements mapping

O [SAVOIR.OBC.ETC.40]
[In case of simultaneous access
to the Essential TC by multiple
sources (TC Decoder, RM or PM),
a Source Sels i
. O [SAVOIR.OBC.ETC.80] © [SAVOIR.OBC.ETC.100] O [SAVOIR.OBC.ETC.70] implementation shall ensure O [SAVOIR.OBC.ETC.10] | | @ [SAVOIR.OBC.ETC.110]
R e q u I re I I l e nt [Each Essential TC Function [Each Essential TC Function (it shall be possible to inhibit :::%.’:;‘;’:’m;‘;’: 2'¢ | | [The OBC shall provide [The external CPDU Pulse
} shall have an input shall have an input the PM from commanding (horeat naort s Cotamands two Essential TC functi C ds electrical
b . . communication path from one communication path from the selected CPDU Pulse fm?n gro‘:ud :ry‘ % operating in hot interface shall be of type
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[Each Essential TC Function shall havean L. - [Each Essential TC function shall accept [Each Essential TC function shall have a
input communication path from one RM] commands from either the TC Decoder, communication path to each
at least one RM or from the Active PM.] reconfiguration module.]
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Use Cases o
Avionics architecture comparison

Allocation status
(If field is empty, then no allocation)

Requirement

Allocation OK
‘ - Handle Telecommand
.‘ M 2 D OC SAVOIR OBC.TCA0 (1D : eb3bBdfb-fb28-4dfa-a37 1-0aeT 2164 1f5f)
Mo of TC Decoders Allocation OK

(ID - 16b7768d-9030-450d-b127-6b0d270ffd27)
Allocation OK
_ SAVOIR.OBC.TC.20 s

Input selection mechanism (ID - 5c055089-0051-4dc0-a1b0-7b6184fcd673)

SAVOIR.OBC.TC.30
TC Decader function

No allocation

Allocation OK
Decode TC segments
(ID : 7fdflec3-dBe4-4532-966f-6d2175025ab6)

SAVOIR.OBC.TC.40
TC Decader function

NS
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