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DEFENCE AND SPACE

Space systems on-board processing technologies

Avionics
Technology

Trends
@ ADCSS 2015

Future needs and technology development strategy

Philae landingen the comet
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DEFENCE AND SPACE

Avionics
Technology

Trends
@ ADCSS 2015

+ in Orbit Servicing
+ Deep Space Gateway
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Reszarch & Technalagy actvitias In on-boand dald processing aomaln

Future missions

In development

Space science and exploration program
— Bepi-Colombo, Solo, Euclid, Juice. ..

Metop-SG

Next generation telecom
Ariane 6

Human Flight: ORION
Large constellations (OneWeb)

Longer term

Machine to Machine services
Multi-service payloads

Highly flexible and autonomous systems
Space exploration robofic systems
Vision based navigation

Reusable launchers

Space plane
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DEFENCE AND SPACE Rzsearch & Technakagy ScHyviiss 0 on-haand asts procassing el OPEN

Future Needs

Avionics @ Challenging requirements...
TEChnOIOgy = New on-board functions, autonomy and flexibility
TrendS = Missions with high availability requirements

= High data throughput increasing with instruments technology

@ ADCSS 2015 = Payload with many instruments...

= Rapidly growing on-board data processing performance
requirements

@ Constraints
= Ground space communications limited bandwidth
= Limited power, volume & mass
= Harsh environment (mechanical, thermal, radiations...)
= Cost and competitiveness
@ Context
= |ncreasing technology gap between space and ground electronics
= Limited choice of space-grade components
= Space i1s a niche market (business model)
= Limited Budget for technology development
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Space technology development strategy

Avionics
Technology | _ o
@ Fill the technology gap without re-inventing the wheel for space
Trends = Synergies between Space, Aeronautics and other domains
@ ADCSS 2015 = Enable use of commercial electronics (COTS)

Space Aeronautics Synergies (ESA study)

@ Technology developments focus on
competitiveness and Non dependency

[ TR P T T ey

s
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COTS components.
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OPEN

Multicore Constraints C,halng,e_

IS not Resources Software

shared parallelism

Technology . W Y
for Memory SMP h  rih
Performance ~ cache AMP W m\
& 0 MTAPI A
2 Integration =3 > OpenMP -
requirement - per Watt 2 FPU OpenCL =
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DEFENCE AND SPACE OPEN

Why COTS ?

* ARM

e LEON family o Multi
* GR712, GR740 . R: Ir(<:)0rr(21smmable FPGAs
« BRAVE Devices prog

* DSPs
* Many cores, GPUs
* MPSoC

Devices . NGDSP
« HPDPm RC64

« DALHIA Medium NRC
Low RC

« 65 nm Techno
» slow evolution

High NRC
High RC

* 16 Nm
* Fast evolution

Techno

RAD-HARD

« Good and mature tools

* Specific development Software + Large user community

Software tools
Small user community

*Radiations vulnerability

*Requires mitigation

*Requires selection &

Environment Qualification for space
use

» Rad-Tolerant with

mitigation mechanisms

* Robust in the space /44"

Environment environment

AIRBUS
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Low Earth Orbit applications

Distance

Deep Space . f

CIS-L

LEO applications

e, — | T e > T AT - T Low to Medium duration

: g ey R w T g : - = '-__.-‘.'-"‘.'-"__-;f, b A : Low to Medium exposure to radiations
i L TR A e e S s i i High commercial market pressure
Focn - : = COTS or Rad-Tolerant
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Medium Earth Orbit & Geostationary applications

Distance ¢
Deep Space |
CIS-L e
MEO/GEOQO applications
: Medium to Long duration
1 Medium to High exposure to radiations
GEO g ] : Co arket pressure
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Medium Earth Orbit & Geostationary applications

Distance 4

Deep Space

CIS-L MEO/GEO applications

Medium to Long duration
Medium to High exposure to radiations

GEO

Commercial market pressure

- Rad-Tolerant or Rad-Hard

MEO LEO applications
Low to Medium duration
Low to Medium exposure to radiations
LEO High commercial market pressure
— > COTS or Rad-Tolerant
S 10 15 20 Duration
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Deep Space applications —

Deep Space

MEO/GEOQO applications

: Medium to Long duration
Medium to High exposure to radiations
Commercial market pressure

GEO

= Rad-Tolerant or Rad-Hard
MEO

LEO-dpplications
Low to Medium duration
Low to Medlum,I exposure to radiations

QMM ercial market pressure

LEO

h‘ad -Tolerant .
=

- iy
¥
AIRBUS
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Deep Spacg

Deep Space
Medium to Very Long duration
High exposure to radiations
Mostly institutional

Distance 4

Deep Space

]

- Rad-Hard

CIS-L

MEO/GEOQO applications

Medium to Long duration
Medium to High exposure to radiations
4 Commercial market pressure

GEO

= Rad-Tolerant or Rad-Hard

MEO LEO applications

Low to Medium duration
Low to Medium exposure to radiations
High commercial market pressure

LEO

— = COTS or Rad-Tolerant
— >

Duration
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COTS components.
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Software with Multicores -
Task A Task B Task C Task D

Efficient programming of a multicore processor is tricky
» Performance is actually limited by our ability to effectively load all
processing cores

 applies both for RTOS and at application level
* hard real time and deterministic execution is difficult to achieve

Adaptation of methodology, engineering tools, development

environment, Software Execution Platform
» Operating Systems and Hypervisors
* Methods and tools to facilitate and optimise software parallelisation

on several cores - i 1t
» Development of runtime libraries for parallel programming
» Schedulability and timing analysis, WCET estimation vs. proof

Support by EU, ESA and National Agencies R&T programs o / Values from this region \

PROARTIS PROXIMA
®,
SAVOIR 'S Xtratum
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DEFENCE AND SPACE

Software

Instrument Data Processing Performance

» Software parallelization
record start time

Start tasks

— Symmetrical Multi Processing (SMP) on RTEMS

— With a GR740 @ 250 MHz the GAIA VPU software
runs as fast as on Maxwell SCS750
with much better power efficiency (1/3)

— Use of OpenMP, OpenCL with
— HPDP
— RC64
— GPUs
— SPDP

Satellite Avionics Integration
» Functional integration in the central computer

* Quad-Core LEONA4FT processor (GR740)
» XtratuM Hypervisor for Time and Space Partitioning
» Asymmetrical Multi Processing

with static mapping of the partitions

on the 4 processing cores
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Record task start
time
Record task start
time
Record task start
time

Record task start
time

GNES SW parmirion

Task 2

Task 13

ADCE/CEW SW portitlar

Task 1 _

Task 3 —

Record task
endtime
Record task
endtime
Record task
endtime

Record task
endtime
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Wait for t

MNrvCom 5 parmirian

OPEN

asks
. End TDI cycle /
execution t .
) record end time
completion

ETR 5W partition

GMAS Mavigation SW

S —

|

SpaceWire Metwark
b o

(5ensors & Actuators Management |

[ Data HandSng System J

- ~
0/5- I dieware
RTEMS || managing IPC

0,5 -
RTEMIS

ddeware
managing IFC
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Middleware managing IPC

Middlewane
managng IPC

A

Core 1l

GNSS

XtratuM Hypervisor

Core 2

SpaceWire
Network

Core 3

SpaceWire
Network
Management

Core 4

Navigation Star
Camera Tracker
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COTS components.
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DEFENCE AND SPACE

Processor Products

Existing devices (RH, RT or COTYS)

» GR712 — Dual-core Leon3FT, 180nm -> Juice

e GR740 — Quad-core Leon4FT, 65nm - 10S

» Several ARM® devices, including RT and RH

 ARM® dual-cores used in dual-core lock step
- Ariane 6 + “new space” in LEO

32-bit AP

+

T - . L |
LEON4 x'l o | S N
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Devices in development (not exhaustive)

« Computer systems
— JUICE DPU (GR712)
— OMACS4S (GR740, ARM)
— Compact Reconfigurable Avionics Data Handling Core
(GR740 and BRAVE)
« Demonstrators
— AOCS SpaceWire Prototype (GR740)
— Compact Reconfigurable Avionics
* Processing devices based on ARM® processor cores
— TCLS ARM® 4 Space
— DAHLIA
— COTS MPSOCs with embedded FPGA (e.g. Zyng® Ultrascale™)

+ Many-cores / NoC / Arrays of processors
(for high performance digital signal processing)
— HPDP
— MPPB/SSDP
— RC64
— MPPA 256, MPPA 64 (Kalray)

AIRBUS
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Detailed Summary

enabling

high
— increased development of
evolution towards
p b I - g

1

W

) O-C

L
[ 1i0p110p1 | 0di |0 4Ldados ‘-J"‘LZ;
anaphiinkibad alatad adudialadedahe

J A " Development of generic products (multicore or not)

g:i‘tﬁ; =
| t

T

» Including
/ missions with harsh radiation conditions

at very low recurring cost for markets

>
>

Efficient use and

Support for efficient

Low level software products
Adapted software

AIRBUS
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Check list « Multi/Many-cores

PerfO Frmance - Technology shrink
e COTS components

» COTS and RT components

Cost * ARM

» |ntegration / T&SP

Processors
Reconfigurable FPGAs
Modular architecture

Flexibility

Non « GR740

« BRAVE
Dependency . panua
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