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Project Overview

o

.Follow-on from ESA-funded study

“@."Smart Microsystems for Space Applications”
.Led by Thales Alenia Space in the UK

“@.Thales Alenia Space (France)

“@.AAC Microtec

“@.Cobham Gaisler
.Requirements consolidation

“@.Applicability for future missions

“@.Refrospective assessment for past missions
.Design & manufacture

“®.Dependency on GR716 programme
.Software development _ ;
.SAVOIR-aligned Spacecratt x-dimansion [m]
.Targeted at ATHENA mission

o o

Spacecraft y-dimension [m]
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Micronodes Concept

) SUbsyStemiA Subsystem B Subsystem C
®.Low power
“@.Standard C&C bus PCDU A
“®. Microcontroller CPU Nominal High v Bus
LCL
“®. Analog/digital IO oL | Fetundan g v s
“®. Power switching A
“&.Heater PWM .
OBC
Redundant Data Bus .
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Micronode Advantages

“®.Reduced harness mass

“®. Modular/standardised architecture pmary
“®.New functional modes Data Buses
“@&.Semi-autonomous Micronodes
“@..Partial operation
. Simplified AIT Local Sensor )
Acquisition \ o
‘ B )
Subsystem : .. -
Switching and
Heater Drive ..
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Mission Applicability

o

.Athena

“@.. Mission driving the study, high complexity, need decentralized architecture, mass reduction necessary
.ExoMars TGO

“@.Deep Space, thermal control based on important number of sensor/actuator, flight proven
.NEOSAT

“®.. Telecommunications, mass production
.TAS Generic RTU

“@.. Maturity level high, Earth Observation missions
.SAVOIR RTU and OBC

“@.Gather functions expected from such components

“@..0BC for its computing capability, RTU for its interfacing capability

o

o

o

o
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Relation to SAVOIR

“The availability of microcontroller (as standalone
ASIC or as IP core in a FPGA) could change the
avionics architecture of a §/C allowing the
decentralization of tasks very often done by the
OBC, using an intelligent RTU."

SAVOIR Functional Reference Architecture
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Candidate Processors

“®.GR716
“@.LEON3 @ 50MHz
“@.Baselined for Micronodes
“@.DPC
“@.0penMSP430 @ 40MHz
“@.SSDP
“@.LEON3 @ 100MHz
“@.Xentium DSP
“@. ARM
“@.ATMEL
“@.Cobham Gaisler
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Digital Programmable Contiroller

“®..40 MHz Maximum Clock Frequency
“®.Rad-hard, ESCC9000 qualified Volotle | ] I8 Superveions | | 0
8.3 x OpenMSP430 cores Memory | loading 16b-controfler
Debug Watchdog, Timers, Interrupt 96
“8.0Onboard ADC + DAC + PWM + GPIO 20/ SPLMLIGDS1S | |55
) SPY General Purpose |0 controller [€—
“®&.Redundant CANbus + Mil-1553 Low level
ow level
“®.Onboard 1.8V regulator m ‘.‘ Mo b o T | serial ks
“®.Low power consumption Froq, Ret.|| PLL "u,\ COM 16b-Controller [RAM
“®. Non-invasive debug facility \ —>N
+18v || BG VY| Mil553-RT o
| | . _ LDO | Vref x 618 oxean | TM-TC
‘@®.Used in many TAS equipments (inc. SB-Neosat SDIU) o X —> Red
“@.Used by space community ADC [ ¢ §§
“@.DLR (robotics), Onera (Gyros), more to come 2 L, 2 I my 6 PWM §
Compl. O
“@&. Available for ESA projects without restriction ADC g$ ..% > Come: Oufpute "
“@.No US content ADC ™ SEL » DAC
. E<e No/DAC
®.. 200+ FM produced L, BT 3
ADC < N—{ DAC
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Scalable Sensor Data Processor

je., 100 MHz Maximum Clock Frequency [o%glp] [A%fg/cgfc] [| égﬁé@e] [ SOW
@..300 krad

“®. High SEU hardness Network-on-Chip
“®. 1x LEONSFT with High-Performance Floating Point Unit [Co%?aer] [M‘?rﬁ;ow] [NCB)%QQB] [5%%%%%]
“&.Up to 64 MB SRAM & PROM Processing Subsystem

“@.2x Xentium Fixed-Point DSPs C&gﬁ;?bswer&emow Debug
“®. Network-on-Chip Interconnect with DMA Controller [ GPP ] [SCFUbbi”Q
“@®.0On-Chip ADC, up to 50 Msps

“®.Interface for Off-chip ADC/DAC / Chip-to-Chip

“&.2x SpaceWire with RMAP Target, up to 200 Mbps

Mem.
[C’rrler]
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Performance Spectrum
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CANDbus Protocol

.CANbus baselined for Micronodes
.Determinism may be required
“@.Add scheduling
“@.e.g. TIDMA frames
“®.TAS in the UK developing an open CANbus backplane
“@.UKSA funded activity
“®.Protocol based on ECSS-E-ST-50-15C
“@.CANopen compliant
“@.Deterministic
“@.PDO
“@.SDO
“@.Suitable for Micronodes

e
e
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Optionally Redundant
Modules

Launcher Signals —»|

Environmental Sensors —p|

Solar Array Output—p»|

Solar Array Output—psi

Deployment Control |
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Power & Data
Handling Module

Only 1 needed

0to 1 supported

Battery
Module(s)

1 to 4 supported
Deployable Array
Module(s)

0 to 4 supported

1 to 4 supported

Mass Memory
Module

0 to 4 supported

Payload Module

No set limit

Propulsion
Module

0 to 2 supported

|
f
F—» Antenna
|

i
H-»- Thruster Control

{G—Propulsmn Sensors

|
i-» AOCS Actuators
fle— AOCS Sensors

AOCS Interface '
Module
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System Modelling

“@®. Protocol validation
“@..Correctness
“@.Robustness
“@&.Schedulability

“@.SDL

“@.Graphical language for protocol
description

“@.Used in telecoms since 1980s
“@&.Formally complete
“@&.Human readable
“@.Executable

“@&.Provable
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Q DLC_IDLE
T

| ATR(txMs g)

myRtAddress := 9 ’—}TBD parameterise RT_MILBUS_RX(ersg)Z TRA_T(txMsg) | DTC(txMsg)

2017 Thales Alenia Space UK Limited

9:

DLC_IDLE ‘ rxCmd = rxMsg!command_word G—b
sa = txMsg!subaddress

rtAddress = rxCmd!rt_address
txPayloads(sa) := txMsg!payload ‘

Address = myRtAddress ®

(TR]u:) (FAI‘.SE) @
A e S

| -- Text area for declarations and comments

handleRxCmd(rxCmd, rxMsg) I | handleTxCmd(rxCmd) | | :g:: gﬁ:tii;i:;?#?ﬁﬂ?:ﬁ;j;Sr'ess

-- Rxdirection
DCL rxMsg T_MilbusRxMessage;
DCL rxCmd T_MilbusCommandWord;

-- Tx direction

DCL txPayloads T_MilbusPayloadArray;
DCL txMsg T_DLCSDU;

DCL sa T_MilbusSubaddress;

ﬂ handleRxCmd D [IhandleTmed D []composeStatusWord n

)
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System Modelling (TASTE)

“&.SDL infegrated in ESA TASTE toolset
“@.0penGEODE SDL editor
“@.Dafta modelling via ASN.1

“@..ICD generation
“@. Autogen encoding/decoding
“@..0utput as C/Ada code

“@.TASTE VM executes SDL

“@.Message sequence charts (MSC)

“@.Record / replay / editing of message
exchanges

“@.Scripting of test cases (Python)
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msc recorded

t_mac_dic

ATR({subaddress 28,

service-request 0, res

({command-word {rt-a

ATC({subaddress 28,

ATR({subaddress 28,

RT_MILBUS_RX({command-word {rt-a

rt_tra_r

rt_trat

dress 31, ter 0, subaddress 31, we-mf mode-coder17}, payload data: {}})

tester

MFS_RO)

MF:

L T0

ayload transferDescriptor: {transferSizd

0, gos-error 0, resetFlag 1, mode 0, subaddress 11, dbc 01})

RT_MILBUS_RX{({command-word {rt-

ddress 9, tx-nc1, subaddress 28, wc-m¢ word-count:1}, payload data: {3 })

RESET_T(TRUE)

rved 0, broadcast-command-received 0,

busy 0. subsystem-flag 0. dynamic-bus{control-acceptance 0, terminal-flag 0.

ayload t

RT_MILBUS_RX({command-word {rt-af

idress 31, tenc 0, subaddress 31, we-mf mode-code:17}, payload data: {}})

dress 9, t-nc 0, subaddress 28, we-me

ord-count:1}, payload transferDeseripfor: ftransfersize 0, qos-error 0, resetFla|

1, mode

RT_MILBUS_RX({command-word {rt-a

idress 31, tx-nc 0, subaddress 31, we-m¢ mode-code:17}, payload data: {}})

MFS_R()

MF:

LTO

RT_MILBUS_RX({command-word {rt-

ddress 0, tr 1, subaddress 28, we-mf word-count:1}, payload data:{}})

payload transferDescriptor: {transfersiz

0, qos-error 0, resetFlag 1, mode 0, st

baddress 0, dbc 0}})

ayload transferDescriptor: {transfersize

0. qos-error 0, resetFlag 0, mode 0, su

address 11, dbe 0}})

MFS_RO)

MFS
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Thank you for listening ©

Questions...
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