Space Avionics Open Interface
Avionics Architecture

SAVOIR Overview

A common undertaking between the Control, Software and Data Systems divisions
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Introduction: On-board Data Systems

(1/2)

Long Term Quest (started in the 80’s)

—Rationalise the development of Data Handling Systems (DHS) in
order to constrain development costs

—Insert technology advances where ever it has a significant impacts
on budgets (reduced volume, mass, cost and enhanced reliability)

—Provide project Users with:
= Components (Rad Hard)
= Units (Fitting well the needs, via equipment suppliers)

*= Tools to build and configure DHS
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Introduction : Data Handling Systems (2/2) *‘\&\;esa

Approach

— Step 1 : Standardization of interfaces; first ad-hoc (OBDH, Mil1l553B)
and then in a systematic manner via ECSS

— Step 2a : Adopt/adapt/develop missing communication links, busses:
SpaceWire, CAN, Sensor Bus, RS422 protocol, Wireless, High speed
interfaces and standardise them via ECSS

— Step 2b: Define and standardize Communication Services : SOIS via
CCSDS

— Step 3: Global approach
= Define Architectures
= ldentify Building blocks

= Validate BBs in application context : focus of this presentation
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On-Board Payload Data Processing
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Long Term Technology Plan Future Projects Requirements

Technology Dossiers and System Requirements, Mission
Roadmaps requirements
TEC R&D Support to project
Architectures .
~ Validate
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1« Performance
e Cost
* Quality
Modules
Death
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SAVOIR, Avionics 2015, OBC, RTU, DPU, Mass Memories, Microprocessors, buses, networks, ASICs,
FPGAs, IP Cores, DSP algorithms, Silicon Technologies

Standards &.Design tools




Space Avionics Open Interface Architecture

SAVOIR

= Provides a new paradigm to foster innovation and competitiveness for
Avionics while benefiting from technology evolutions

= Provides a frame and associated methodologies : System
decomposition in sub-elements, Building Blocks identification and

usage

= |s multidisciplinary: Avionics seen as a system integrating Data
Handling, Control and SW aspects contributing to a major Satellite
sub-system.

= Associates all stakeholders: Agencies, Primes, Suppliers and Projects
around a consensual paradigm
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SAVOIR views \

Reference architecture

— A set of architectural design principles and a mapping of
the usual functions implemented by the software and the
hardware

Functional architecture

— Focus is on the system functionalities to be implemented
and on the relation to their environment

T
U

— A functional architecture is built, independently from the _ o  gset of ECSS Staniciards (E-50)
issues brought by the integration on an execution CCSDS (SOIS) and
platform. Generic spec’s

Physical architecture .

— The Physical architecture describes the processing nodes “ E'i'@‘<
of the system (i.e. on-board computer), sensors and L %
actuators, the network topology (buses/point-to- point N }_I 1
links/serial lines) that interconnects them and the - i 7

=)
communication protocol used by the physical C)—- [:]jL];]:I:IjliIEID

communication layers.
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Typical DHS architecture: Physical View
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The avionics reference architecture
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DHS: Functional Specification
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SAVOIR first pillar: Standardisation of
Interfaces and Services

ECSS

1.
2.

3.

9.

ECSS-E-ST-50 C Communications
ECSS-E-ST-50-01C Space data links - Telemetry
synchronization and channel coding
ECSS-E-ST-50-02C Ranging and Doppler tracking
.ECSS-E-ST-50-03C Space data links - Telemetry
transfer frame protocol
.ECSS-E-ST-50-04C Space data links - Telecommand
protocols, synchronization and channel coding
.ECSS-E-ST-50-05C Rev2 Radio frequency and
modulation
.ECSS-E-ST-50-12C SpaceWire - Links, nodes, routers
and networks

.ECSS-E-ST-50-13C Interface and communication
protocol for MIL-STD-1553B data bus onboard
spacecraft

ECSS-E-ST-50-14C Spacecraft discrete interfaces

10.ECSS-E-ST-50-51C SpaceWire protocol identification

1

1

1.ECSS-E-ST-50-52C SpaceWire - Remote memory
access protocol

2.ECSS-E-ST-50-53C SpaceWire - CCSDS packet
transfer protocol

13.Applicable documents
14.Reference
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CCSDS

CCSDS 850.0-G-1 Spacecraft Onboard
Interface Services. Green Book.

CCSDS 851.0-M-1 Spacecraft Onboard
Interface Services--Subnetwork Packet Service.
Magenta Book.

CCSDS 852.0-M-1 Spacecraft Onboard
Interface Services--Subnetwork Memory Access
Service. Magenta Book.

CCSDS 853.0-M-1 Spacecraft Onboard
Interface Services--Subnetwork Synchronisation
Service. Magenta Book.

CCSDS 854.0-M-1 Spacecraft Onboard
Interface Services--Subnetwork Device
Discovery Service. Magenta Book.

CCSDS 855.0-M-1 Spacecraft Onboard
Interface Services--Subnetwork Test Service.
Magenta Book.

CCSDS 872.0-M-1 Spacecraft Onboard
Interface Services—Time Access Service.
Magenta Book.

CCSDS 880.0-G-1 Wireless Network
Communications Overview for Space Mission

Operations. Green Book
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SAVOIR second pillar: Generic
Specifications e.g. for OBC and RTU : logic

Projects
SRDs

Tailoring @ /Addition
Standards Applicable docs

Harmo dossier, Living Docs,
roadmaps

Procurement

‘/ Activity

Spec’s will allow
Competing implementations

Lower level

\

Product lines, Y =% OBC/RTU BB #1

Adaptation,
Qualification

Validation




SAVOIR third pillar: Building Blocks

eqs
Satellite Avionics System Mission
=Elements of a Technology Regs
Stack Integration, Validation, Ilq r @ Regs SAVOIR Computers
eqs
cesbs/ Automotive
OBC, MMU, P/L Computers,RTU... sols
. - Embedded
'Developed W|th|n TRP, GSTP, Integration, Modelling, Verif. I/q r iL Reqs ECSS-E50 El@ct?oniis
ECI, other

Building
Blocks

Regs

Integration, Packaging, I/F
=Have to reach:

Multi-Media

Products
Data
sheets

= a given TRL (e.g. = 4-5)

= in a prescribed timeframe
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How do we implement SAVOIR ?

New platform

SAVOIR

Project and confonr;nv\llng to Working

acceptance/ architecture (SAIF, SO1S

confidence (In_dus_trial EDS ’SAFI)’
needed validation) ’

ESA and

Industrial
Benches

Avionics 2015

Stable Agreed Standards

validating
architecture

Equipments/

Units Component developments
supporting needed to support new
Standards standards
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Building Blocks Generic Development approach {£€Sa

The generic development approach follows a similar philosophy for all
units and is shown schematically below. Depending on the maturity of
the unit/ idea the development will start at a different point within the
chart.

Equipment GSE
development

<Equipment
modelling

S

Qualification
via EQM

-

Data Handling
or AOCS Test
Bench
Integration
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Data Systems Building Blocks, example 1 :

Busses

1Gb/s

Ad hoc solutions:
Gigalink,
WizardLink
HOTIlink, SerDEs

200Mb/s

Spw

(RMAP, SpW-D)

Wireless 10

(802.15.4,
RS422, UWB,

Synchr Serial lines )
(ad hoc)

100kb/s - Digital Sensor Buses — “Powerlinks” 00

for smart sensors and MEMS

1kb/s -~ Discrete Commands [ Analogue buses (T, V, ..) [RESSSEESEES 1k
- Standardized Existing I/Fs -Existing 1/Fs - Under development
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Data Systems Building Blocks : example 2

s

RTU 2015 &esa

Command and control Bus (Can, Milbus, SpaceWire)

Remote terminal unit
acts as a data
concentrator

Standard interface to
OBC/CDMU with a
standardized protocol

Standard Serial bus to
. Standard -
devices Digital Bus ]
S/C may employ several E)SP" 'I_Zi’
.. . . owerlin
Mminiaturised versions ) ——l |

Aeronautics/Embedded
examples of RTUs
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AOCS BBs Sensor/ Actuator

Developments

1. Star Trackers

TODAY g ASTRO-APS

Data Interfaces
MIL -1553

RS-422

Power Interfaces

28V Primary I I
50V-100V Primary

Internal/ External LCL
Internal/ External Switching

Key Specifications

Mass: —2.5Kg

Dimensions: —10*10*25cm
Update rate:10Hz
Performance Class: — 1.5 - 2”
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TOMORROW

Functional Interface

Data Interfaces
Spw

RS-422 + protocol
MIL -1553

CAN ?

Power Interfaces

28V Primary

Low voltage secondary
50V-100V Primary

External LCL

External Switching

Key Specifications

Mass: <1.5Kg

Dimensions: —8*8*15cm
Update rate:10Hz and higher
Performance Class: — 1.0 - 1.5”
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RASTA Development

Initial
specification Gaisler/
‘ " Aeroflex
ESA
Internal
Investment
Prototype Hardware
4 Maintenance code Software

RTEMS ECSS Mil, Can | | Commercial =
(EDISOFT) | | SpW, CFDP System A=

A 4

User Community

AT697 GR-AT
More than 40 systems sold world tees can W Processor
wide: EADS, TAS, RUAG, SciSys SpaceWire

Spacebel, ESA etc
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RASTA — Generic Test Configuration
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MARC rack

ROUTER 1
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MARC backplane
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2012 Wish list

v’ SpW ECSS-E-ST-50-12D finalized

v' SpW-RTC Supported as a standard product in a good cooperation spirit between ATMEL
— UoD - Gaisler Aeroflex and RUAG

SpW-D and related time synchronization protocols ready for standardization
SpW PnP demonstrated

SpW Backplanes defined and Demonstrated by MARC — MARC 2 approved
SpaceFibre technically finalized

SpW Handbook draft available

SpW International Conference organized for 2013

SN N NN
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