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Note: Any transfer of this document in part or in whole must be made in accordance with the appropriate export control regulations. Prior to any transfer outside of the responsible legal entity,
confirmation of an applicable export licence or authorisation must be obtained from the local Export Control Officer (ECO).
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[licence number / ITAR exemption / EAR licence exception / NLR].
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To base solutions on European components

Successful Space component development
during last decade : FPGAs, DSM, power, GaN
=» Valuable for sovereignh programs

A long tradition of Space

specific solutions, <
but more alignment on Ground IT
opens new perspectives
= Simplification
=» Easier testing
=» Open to heterogeneous SW

/
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=» Only a subset of mission needs anywa
\> Only iy
C )
To be inspired by Eurgsean
N Ground IT ) technologies

NG
Non European
technologies

Ground IT
Inspirations

Technologies:
DHS decisions have
always been at a
crossroad of
several influences

>
To use world class electronics

for highly efficient missions
N

\

N

Many leading edge space
compatible technologies still
sourced outside Europe,
driven by non Space market

=> A must for performance

=>» Not using them is not an
option (in most cases)

=> Little influence on specs

and lifecycle

\_

/
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EURPSTAR NEO

EUROSTAR E3000

New Space &
Constellations

srellation

Laboratories
Focus on 4 adventures in Space
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Lab (ISS) mEelgSELilgljile]gNeleIg{e]e 1997-2000

VITAL SENSORS &

Launch date

Laboratories

Vital layer

» Highly reliable, MIL-STD-1750 proc.

DMS (ISS)

ACTUATORS . . . .
__oam . « Satellite-like minimal software
1 wITAL BUS

| v [y MEenel HW commonality

| | o i
| rewe | Vier | [ Wics | [Ewe NOMINAL SENSORS & Between I/O units (CMU)
i panel A/B A/B panel and Vital computers (VTC)

A
US|ESA = MilBus A & B E — 1 >
SEGMENT : SEGMENT SYSTEM BUS =

| m oo
. CMU 1 CMU 2 CMU 3 CMU 4
| A/B A/B A/B A/B

ISS C&CG BUS 1

MilBus A & B

ISS C&G BUS 2

COTS-
based !
network |

hub/switch

HRM
I:I

Nominal layer

COTS-based mass storage

* Pool of « standard computers »
(1 spare for 3 op’l) with SPARC
processor and VME backplane

« Ethernet network, IP stack

LA =

=]

Columbus Laptop l

i EXPERIMENTS

MilBus A & B

PAYLOAD BUS

VxWorks, UDP/IP, NFS Data links
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»

« Standard P/L computer »:
+ SPARC, VME
* Mezzanines

Ethernet, 1553,

optical fibre

AIRBUS




3 ' Laboratories
ELE(NN)I DHS Definition period 1997-2000 Launch date 2008 \ in Space

mbus
DMS (ISS)

VITALSENSORS &
ACTUATORS
y &2 O y
-~ | , VITAL BUS _
| « ‘ ‘ MiBus A & B "
. A\ J A\ J
[ R | [ = |
! EWC VTC 1 VTC 2 5::3 | NOMINAL SENSORS & ACTUATORS
Main features Lessons learnt 7y 7y 7y
« Vital + Nominal ‘ » Use of MIL EEE for space L T T
« 1stintroduction of « modern » * Modular rack-based computers )

microprocessor (ERC32
SPARC)
» Ethernet data network
« Commercial SW layers :

« UDP/IP, NFS

« Data driven application SW 1

(VME)

* One of the first Space
application of COTS OS and IP
* Vxworks real time OS PARE stack

‘

0 HRM

f=]=[=[=]=]=

Impact on the future

Initiator of the European Space
multi-decade SPARC
processor family (ERC32,
1 AB LEONS...)

T TTOTr

Enabling
HW Technologies

OO

! ETHERNET
| NETWORK

o

LL

=

[ &
SPLC

Ground
IT

Columbus Laptop

.

' EXPERIMENTS

inspired

MilBus A & B

PAYLOAD BUS

VxWorks, UDP/IP, NFS Data links

uProc ERC32
: MA31750
8
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: Science & o : .
Exploration DHS Definition period 2009-2011 Launch date 2018 i
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No interrupt of critical function
processing

Dedicated computer (FCE)
takes over critical functions
(attitude control) during OBC
reconfiguration

Access to RIU from both Nominal
and Vital computers via SpW
routers

Standard SpW interface
controller for experiments
* AT7913E RTC device

- \m'\;imxﬂu

T MTM MIL BUS —
MTM MTM
MTM SA/E = SABDE RIU RIU
(elec prop module) & 2
MPO MPO
RIU RIU
A B
| |
SpwW
OBC
PM
A
<
IMU sapE | [ sAbe IMU SpwW
A A B B
I MPO MIL BUS I
>
| |
COMMS [ SSX"M G | SSE';V'M L —COMMS
Mass Memory |
SpW based internal
architecture INSTR Spw INSTR
1 9
L
uProc. ERC32SC RTEMS DECRIIS

AIRBUS

1553, SpW
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: Science & ... : .~ &9 Highly Specific

>
' MTM MIL BUS '
MTM SAADE SﬁéDE T{—:-[T T{—:-[T
(elec prop module) | A B
Lessons learnt [T T "7 s R e
- (main
: [ A full scale deployment of SpW . spacecraft)
Main features . networks : Inter box and Intra box | g
P tic redund t L)
« Pragmatic redundancy concep «  Benefits L
« Maximise reuse of existing « Elegant and flexible Impact on the future
OBC/DHS «  Avoid complex bus take-over . Paved the way to next gen of
. . : Weaknesses SpW router
* SpW intensive architecture . Vulnerability to external - And to attempts for a more
with numerous SpW routers (Instrument) failure modes dependable Spw, utimately
« Robustification of ] leading to SpFi
* ERC32 computers OBC/MMFU link required I Enabling
. 5 ) HW Technologi
due to lack of bandwidth « Among the first non MIL-Bus PR
control in the router centered spacecraft
» « Dual port » connectivity European
required from some AOCS Tech
equipment (mostly)
S “"----.;.-::_-_““:\'*:\'- | insR
1 = 1 9
—— | E—
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: Earth o : (G
Domain : DHS Definition period 2014 g e
Observation Mg L,
3Mml MWS
INSTRUMENTS [p/L 1 PIL 2 P/L3
<> MASS MEMORY ICUR ICUR ICUR ICUR ICUR ICUR
SpW [ |
= | - [l |f] -
MEM ; —eHN ey U N |ClIJ N
P COMS < ICU N CUN
- X, Ka <
< MEM <
< N 3 3
; \\ \ 1

switches

L

P
< I
-

Mass memory & formatting Unit

« Control function sharing
technology and SW with OBC

+ SpaceWire network for
instrument i/f

* Flash-based storage

SYSTEM BUS 2

MilBus2
A&B
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CENTRAL
COMPUTEHR

AstroBus AS400 avionics platform:
« OBC with CCSDS authentication unit
« High modularity RIU

OBCE

A

OBC

PROP

REMOTE
INTERFACE
UNIT
10 10 /

PROP || PROP

I/F I/F

DHS DHS

Control Unit core :

* Power, Processor,
Standard IO modules
Add’l specific modules
« PUS-based Execution

GNSS
A/B

| I | >
LNA >

SYSTEM BUS 1

RTEMS

STRE
A/B
\

|STR-O 1| |STR-O 2| |STR-O 3|

Data links

Platform SW derived from
OBC/MMFU one

1553, SpW

Modular generic Instrument

Product Policy &
Rationalization

esa
@& EUMETSAT

AIRBUS




_ Earth - _ Product Policy &
Domain Observation DHS Definition period 2014-2016 Launch date 2025 Rationalization
3MI MWS s5 METI
INSTRUMENTS [piL1 PIL2 PIL3 PIL4 PIL5 PIL6
-«—> MASS MEMORY ICUR ICUR ICUR ICUR ICUR ICUR
Spw [ | m
Main features sow S /Ee T m ) m m t

* Classical SAVOIR compliant DHS

SpW based mass memory
Improved SpW management (vs
previous programs)

Highly versatile RIU

CCSDS security with prestored
keys (no OTAR key upload)

5 Instruments out of 8 using the
generic ICU (Hw core, Exec PF
SW, numerical simulator core)

A retrospective of key DHS achievements in European Space programs

COTS based (large RAM-based
FPGA) DSP on one Instrument

M

M

&l |

Lessons learnt

« Homogeneity of execution platform SW L.
across several processor targets
(SCOC3, MDPA)

LS222!

ICU commonality deployment acro
Instruments was complex but

downstream benefits for PF/PL .
integration and homogeneity of OPS

» Importance of early development of
processor and Execution platform SW

[TV
]

e — |

LNA

Impact on the future

Inaugurated a significant
evolution of AstroBus product
with extensive use of PUS(-A)
services
GICU reuse on other programs
(Biomass, LSTM)
RAM-based FPGA reused on
other programs
Large RIU reuse thanks to its
versatility
One of the first implementations
of CCSDS security

European
Tech

Enabling
HW Technologies

on
European

Has ultimately prepared the
ground for ADHA !

) SYSTEM BUS 1

STRE
GNSS AB
AB

MilBus1
A&B

Tech
(FPGA)

LNA

LEON2/3

uProc.

RTEMS

|STR—0 1| |STR—0 2| |STR—0 3|

Data links
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EOS DHS Definition period 2018-2021 Launch date
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PMU (MMFU/ICU)

!

| MM2

Main features

» Platform DHS : Cortex R5 with
lockstep and Hypervisor

* Mission DHS : Cortex A9/A53,
Linux

e Centralized star tracker and
GNSS processing

» Reconfigurable on-board image
processing on Linux execution
platform

« COTS EEE components

» Optical fibre at Instrument
interface

» Optimized for mass production

e
K3
W’ |

_E

2019 (OW1)
2024

Lessons learnt

» 3rd party flight SW in Star
Tracker partition
» 3rd party application SW in

R

segregated area

Separation between « basic
FPGA » and « application
FPGA » firmware development
lifecycle

°l. Benefits of flight system / ground

system / test system continuity

INSTRUMENT

Impact on the future

Innovative operations
concept

Commercial but rad
tolerant part list

FPGA reconfiguration
algorithms

FPGA SEE mitigation

uProc.

I 7 =]

MAG
GYRO ess

|MTQ|

ARM

RTEMS, XtratuM, Linux Data links

Ethernet, CAN, Optical
fibre

New Space &
Constellations

@Eo

constellation

study. Physically more
integrated while using similar
principles

Enabling
HW Technologies

Ground
IT
inspired
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