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Avionics

A The Avionics Embedded System (AES) includes the hardware
(processor, communication buses, equipments, instruments)
and software required for the command & control of the
spacecraft, its telecommand and telemetry handling, its lallure
detection, Isolation and recovery and all the mission and vehicle
management functions including all functional chains.

The AES is the brain of the spacecraft and therefore is a vital
organ for the execution of onboard functions.

It represents toaday between 30 and 70 % of the platform non -
recurrent development costs (50% in average for an ESA
mission).
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On Board Computer
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Advanced Data & PowerMgt System

The LEON processor board (unfolded)

ADPMS under test
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Avionics: Overview
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Avionics: Overview (cont.)
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Avionics Redundancy
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Avionics Redundancy
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Last saved

Both nominal and redundant equipment are On
and running in parallel

Mandatory if no way to select redundant equipment

Advantage: no service interruption
Drawback: reliability, consumption

Nominal equipment is On and running while
Redundant equipment if Off and not running

Advantage: higher reliability
Drawback: failover time

Nominal equipment is On and running while
Redundant equipment if On but Halted and not running

Typical of On Board Computer
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Avionics: Hostile Environment

A Temperature : extreme conditions
A Temperature range solar cells -150 A +100 °C
A Packaging, isolation and heaters: reduction to -20 A +50 °C

A Commercial electroni cGA @S@OLt f i
(mil range -55 A +125 °C)

A lon radiation : electron, proton, heavy ion (solar flare, van Allen belts)

A Cumulated Effect:
A Modification of the component characteristics

A Single Event Effects:

A SET: Single Event Transienf(glitches) non destructive
A SEU: Single Event Upset  (swap) non destructive
A SEL: Single Event Latchup (CMOS)

A SEB: Single Event Burnout (MOSFET) destructive

A SEGR: Single Event Gate Rupture destructive
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Avionics: Protection Means

A Radiation Protections
A Shielding . _—
A Box design e
A Positioning in the S/C oo X gy | i

A Technology choices ogc
A Build in electronic protection

Combinatorial
logic

A Fault Tolerance

A Ability to support temporary or definitive modification or suppression of
functionality
A Redondancy
A Processing: Spatial or Temporal Redundancy and Majority Voting
A Duplicate the system: when a system is faulty, switch on the other one
A Permit to eliminate the faulty system from the decision path (TMR technology)

A Data Redundancy through coding, (RS, CRC, etc)
A Error Detection and Correction (EDAC) on memory
A Memory scrubbing to fAcleand changed me mc
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ON BOARD PROCESSORS
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OB Processor: Freqguency Increase

Increase of the processor clock frequency is a
method of achieving higher performance. This
however leads to increase of processor power
dissipation figure.
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OBP: Multi Core

Multi-core architecture is an alternative

architectural solution that has the main advantage

to increase the platform performance without 1200
increasing the power consumption

ESA Microprocessors computing capability

in ane chip

800 ’/

1000 FDL:lr RFOCESSOrs ——.—|'1|:|DD Y= 77

(V)]
power dissipation perfomance E BDD
frequency . . remark E
increase increase
from Intel Corp.
for <100mm
(hitp-iibcowe.me
1% 3% 0.60% irobmdkag) 400
example 1 15% 45% 0% mMonocore
example 2 0% 90% 18% MonoCore |25|:| hﬂlF’S|
example 3 15% ~ 180% Dual core
Amdahrs Law T (100 MIPS | W=
: [0 MPS]| |20 MIPS] - P
S
(1-P4d JMPS]| mm - |
| . _'_-__'_,_'—'
1] . —— e

JPACE ngQ

Avionics Overview for ULG 16




OBP: Multi Processor

Multi-processor architecture is yet another
alternative architectural solution that allows for
distributing the processing (e.g. image processing,
complex gnc algorithms), on specialized,
dedicated hardware (e.g. pp, dsp, fpga)
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Processors vsCores

Processor Processor Processor Core Core Core

Bus Bottleneck Issue I |

Memory Memory I Memory Memory

Processor Processor Processor Core Core Core

Cache Cache Cache Cache Cache Cache

Cache Coherency Issue

Memory Memory Memory | Memory
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Thread

RTOS

Core

Core

Core

Symmetric Multi Processing

Supervised Asymmetric Multi Processing

SMP vs AMP
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