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Background:

MARC Development
Background & Objectives

v Compilation and Analysis of future On-Board Computing
Requirement from ESA Application Programs and Science

Missions

General Objectives :

v Improving on-board intelligence to maximize mission return
(I.e. iInformation per mission & per € invested)

v Securing the feasibility of complex systems
v Bounding the development times

v Designing to cost .... While reducing risks
v Automating repetitive tasks
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MARC Development
Strategy.

Since themia 90s, an integrated approach tepulli On-hoeard
Computersias eeniused;, ased onlthree pillars

SpPEcIific fiunctions allecation termoedules and units
Ahle 10 evelve according e consistent readmaps
\Viaderattractiyve fer nenimnstiitienal and export markets
Tieclhnology. ratienalisation
= \Well selected devices (ASSPs)
= Proper design teols
= User support
Standardisation: ' particular at interfaces level
ECSS
CCSDS
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MARC Project

MARC System:

v Distributed HW System Architecture

v'for both payload data processing & spacecraft data handling
v'based on a SpaceWire network.

Agenda

MARC Requirements
MARC ET-Design Principles
MARC ETj-Design
MARC ET-Design: Hardware Building/Blocks
- MARC Highly Reliable HW' Components
» MARC Cluster & HW' Architecture
» RMAP forr SpW-IViedule memory. acecess
MARC ET-Design: Seftware Bunlding Blocks
» MARC GenEas SW. & SOIS Architecture
» MARC EDIR Manager & Tool
MARC [Demonstrator:
Conclusion
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MARC Regquirements

MARC Roebust and Fault Telerant Computing System Principall Requirements are:

A Modularand Scalable INetwoerk System Architecture

ASpWW netwerk capanie off handling thefuture demands o1 et
Spacecraiit datarhandling anol payicad date Processing.

Hierarechical Fault Detection! Iselation and Recoverny (EDIR)
principles

CCSDS SOISilayered Software Architecture

Elight Qualifiakletechnelogiesisuchl that the design: can e
considered as “One:Step fren'a Elght IViedel™.

Iihe key SpMWV/ components and standardsideveloped by ESA: SpWV
links, SpW-10X reuter, RMAR; LLeon2E T hased processor.
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A eSO O SEEC MARC ET-Design Principle

MARC Hierarchal FDIR'is based on 5 Reliability: levels
(from the: hilghest to lowest level)

Ground

TIVINIC System

Hardware Reconiiguration Controller (HRC)
IViaster Core Computing Module (CCIV)

Generall ComputinglModule (GEM)hased on COIS processer and/or
Viedule(s) level EDIR.

Tihe MARC Eault Telerant (ET7) design principles:
N single point ofi fanlure:
IN@Single peint el repair:
Fault 1selation'te the fiailing compenent, Moaule;
EFauli containment te prevent propagatien of thefanure;

Avarlability ol autenomeus; safé computing|system mode and reversion to
operational modes on external command;
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MARC ET-Design

Tro fulifil the MARC reguirements andithe ET-design
PrNCIpIEs:
MIARC has been bl starting firem a set of IH\A/ and

SW:BUnldingl Bloecks (BBS) designed to 1nsure. 1ts
OPUSINESS

VMIARC Hardware Burlding Blecks
> MIARC IHighly: Reliakle VW Components
» MARC Cluster & HW: Architecture
» RMAPHor MARC memory/ access
MARC Sofitware Building Blecks
» MARC Genkas SW. & SOISTArchitecture
» MARC EDIR Mianager & ool
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MARC Highly Reliable HW Components: AT 697

SPARC V8 High Performance Low-power 32-bit
Architecture

= LEON2-FT 1.0.13 compliant
= 8 Register Windows

= Advanced Architecture: On-chip Amba Bus, 5
Stage Pipeline, 16 kbyte Multi-sets Data Cache,
32 kbyte Multi-sets Instruction Cache

= On-chip Peripherals: Memory Interface, PROM
Controller, SRAM Controller, SDRAM
Controller

= Timers: Two 24-bit Timers, Watchdog Timer,
Two 8-bit UARTS, Interrupt Controller with 4
External Programmable Inputs, 32 Parallel 1/0

Interface, 33MHz PCI Interface Compliant with
2.2 PCI Specification, Integrated 32/64-bit IEEE

754 Floating-point Unit

= Fault Tolerance by Design: Full Triple Modular

Redundancy (TMR), EDAC Protection, Parity
Protection, Debug and Test Facilities, Debug

Support Unit (DSU) for Trace and Debug, IEEE

1149.1 JTAG Interface, Four Hardware
Watchpoints, *Speed Optimized Code RAM
Interface8, 16 and 40-bit boot-PROM (Flash)
Interface Possibilities
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MARC Highly Reliable HW Components: AT 7913

SpW-10X SpW router implements the
following block functional:

m 8 SpW bi-directional serial ports.

m 1 external parallel input/output ports (

input FIFO & output FIFO).
m  One crossbar switch

= An internal configuration port accessible
via the crossbar switch from the external
parallel input/output port or the SpW

Input/output ports.

= Arouting table accessible via the
configuration port.

= Control logic to control the operation of

the switch
= Control registers
m An external time-code interface

comprising tick_in, tick_out and current

tick count value.

Internal status/error registers.
Watchdog timers on all ports.
Internal status/error registers
External status/error signals.
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MARC ET-Design: HW Building Blocks
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MARC ET-Design: HW Building Blocks

RMAP (ECSS-E-50-11): Read, Write and Read-IModify-\\rite
Operation for Remote: Menmory/ ACCESs.

AllMAREC modules have;atleast twor Sp\WW interfaces (INom: &
Red)withh ESA-RMAP=IR-Core (Initiater and/er lranget)
CCIVI access memory hanks In:

» lLocal Memony,

» Another CCM,

» IViass IVIEmory.

RIVIAP simple memony. access capanility. 1s Very efficient to
nandlePrime CCIV failure and permitsicontext savinglmenmony/
ACCEss by theredundant CCIVI.

IVIEmEr/ aCCEss; IS possiale Witheut any.system reconfiguration,

At Configurationrand linitialisation’ phase: Passibility, terdistrinute
oot SW, context saving and data mission storage te the
availanle memory banks off MARC.
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MARC EDIR Manager Is Genkas embedded SW- (SOIS standard).

Hierarchical EDIR management architecture:
Fallover: strategies; or switching to; a salie computing mede

Fault Containment Regiens: (FECRs) pessibly confined! te) Compoenents;
modules and/er Clusters,

Faultsfautenomously: handiedior escalatedi at eachilevel in the
hierarchy (With moedule anadl systemi as the minimum, defined levels).

EDIR Manager uses tables (FEDIR=Tials):
Define the nital system configuiation

[Define: alternativer configurationsi (I.€. to 19e; Usedlin response to
identified failtre(s) of a SpW. link; reuter or system: module):

EDIR=Talos are generated by anranalysis teol:

Analysis TeollIs conceived tos run off-line during the architectural design
phase of MARC system.
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MARC EDIR Manager Strategy: performs 4' principal functions:
[Fealtin Crieck Vonitonng:
= Regular message MHS soelicited! (pulled) or unsolicited (pushed).

= Eachicompoenent has a programmakle time peried (17/75)
asseciated wih It

FauE Derectiorn:
= Content of the messages themselves (e.q. ‘I am OK")

= Amival time T/5 of expected HSM: 10, 1L and T2 (Where
TO<T1<12), HSMican lhe classified as Valid, Missing, LLate or
Lost.

Al DIagos)s: ana. Jaernuncanor:
= EDIR Manager will'leg the event in its; Registered Fault Log.

= Jihe Fault Diagnesis Precedure Isi then niiated and durng| this
PrOCESS), statuses are assigned by the EDIR Manager toe the fault
events Trransient, Intermittent and Permanent.

FaultRecovery

= 3a) Initral Recovery Procedure
= 0)) Router Recoveny Proceaure
= C) Nodel Recovery Proceaure
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MARC Demonstrator.

- eod)
MARC demonstration rack
MARC Eirst Prototype: Spa(;eancgﬁ:&s).ots S
N

MARC Demonstrator hased on

2 clusters with the fellewing _' )
featu res : Mass Mi:::?:yMOdUIe -

aceWire cl

annels

Backplane (i.e. SpW. 10X = }fg
reuters and HRC) = =

Core Computingl Medule: EGSE HlE
CCM based on AT697 Emulation PG sl |2

Solid Mass Memory. Module: =l |2
SMMM Includingffile system & E

Generall Computing Module:
GCM based on COIS Power-PC
I/ES)

Emulation of I/0: 1OM &
TMTC module via PCs and
specific SpW EGSES. -

GenFaS SOftware InCIUdIng General Computing Re::r:fc":;::ar:ion
FDIR Manager

Backplane

Power supply
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MARC Present Status
Activity

PhESEr +» MARC Specification
@OBJEchVes
» MARC Preliminary: Design (at architecturall level)

» MARC feasibility: Plan

PHESENZ » MIARC: Detailed Design
OhJEectves
» MARC Manufacturng

+ Test and characterization
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Conclusion

MARC designi s relying on BBs ensurng|Its rehustness and: Its
nigh flexibilicy.

MARC preliminarny designi s censistent With' previeus
reguirements.

Preliminany design; efi MARC s fulfilling many/ futtre ESA
mission OBCS needs.

he time and the cost needed tor adapt MARC [Demonstrator:
system tor new: missien appears; tor e significantly sherter
than a develepment of a new: system.

Generall reguirement relateadi to the assessment ofi MARC
overall perfermances compared to existing selutiens: MARC
Demoenstrator Will he: the first MARC System| prototype
allewing| perfermance: assessment.

MARC Demonstrator willl be avallable at the level of Elegant-
Bread Boardl (as defined by ECSS-E-10-02A).
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MARC Mini-Preject Partners

ARIGATO
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