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INTRODUCTION

d The ESA AAML (Avionics Architecture Modelling Language)
study aims at advancing the avionics engineering practices
towards a model-based approach.

d Consortium led by GMV:

\\kkk (Y ®
dcesa gV Thaleshienia

4 Project Kick-Off Meeting on February 2013.

O Project Acceptance Review on April 2014.
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SCOPE AND BACKGROUND

O Defining an avionic architecture for a given project means making several
key architecture choices and sizing several performance parameters.

O The selection is usually based on:
= The architect’s expertise and background.
= Avionics-specific analyses (to perform trade-offs).

- )
Traditional process:
= Each type of analysis is based on a dedicated model.
= Some training is required to be used effectively.
N\ J
Conﬁrm £ adjust fﬁe esigh
4 AAML model-based approach: IR )

Perfarm coarse- .
grained analysis Design space

exploration

Initial wersions of
the design madel

= Usage of a single architectural model.

= The same input is used to perform
different avionics analyses.

Refine the solion
faliowing analysis resuits

Perfarm fine- Solution

grained analysis refinement j

= The analyses cover most of the phases
\ of the life-cycle.

Detailed wersions of
the design model
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MODELLING PROCESS

Used to design the avionics system as a set of high-level
functions.

Avionics _ .
It answers directly to what the avionics is supposed to do.

Functional
Definition

Representation of how the system will work so as to fulfil
Logical the requirements and expectations of the users.
Architecture
Definition

uoniuyad
salladoud [euoiloung-uon

It represents how the system will be concretely developed
Physical and built using real components.

Architecture
Definition
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AVIONICS ANALYSIS

e Satellite mode definition, RAMS, FDIR and autonomy
concept

e Design consistency and correctness checks
« Commandability and Observability

e Bus/Network load & latency analysis

e Space/ground communication

e Avionic resources analysis

e On-board functions and performance

e Power and mass analysis
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0 AAML Modelling Language.

= Domain Specific Language.

= |Inspired by the Space Component Model.

0 Prototype:

= Demonstrator for a graphical editor
(design views) and analyses tools.

= Technology:

o Eclipse.

o Obeo Designer.

= Capabilities:

o Management of an AAML model through the
graphical editor.

o Configuration of the avionics analyses from a
GUI based on Eclipse wizards.

o Execution of the avionics analyses.

o ldentification of model inconsistences.
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TOOLING: AVIONICS ANALYSES

U Commandability and observability.
= Goal: Size the RF communication system.
= Metrics: Data throughput, link occupation, link occupation margin.
O Bus load and data latency.
» Goal: Size the MIL-STD-1553B bus and RS-422/RS-232/RS-485 serial links.

= Metrics: Data latency, message transmission time, bus load, bus margin,
bus utilization.

o MIL-STD-1553B schedulability analysis.
O On-board functions and performance.
= Goal: Analyse the CPU load and memory sizing.
= CPU Metrics: CPU usage, CPU throughput, CPU usage margin.

= Memory Metrics: Non-volatile/volatile memory size, non-volatile/volatile
memory margins.
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USE CASE — DESIGN (1/3)

[ d Functional Architecture Definition. ]

O Logical Architecture Definition.

0 Physical Architecture Definition.
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USE CASE — DESIGN (2/3)

FOHLU UART AoglCrnd OLCI OPSW Irteriaces

d Functional Architecture Definition.

(

Logical Architecture Definition.

0 Physical Architecture Definition.

= Logical Cornponemnts =
OLCI FDIR

oLCI_OPSW_FDIR

S/C Mode Type [S/A] Freg./MIAT [Hz]
4 Made Normal SYNCHRONOUS 1.0

OLCI_OPSW_FDIR,

*nﬁg;:nmﬁ::m“m” QEE:L?_:LTE:;';::;" < Operation: GetITRFMNavigation Mode Normal SYNCHRONOUS! 1.0
rtraller < Operation: GetGeodesicalMNavigatit Mode Normal SYNCHRONOUS| 1.0
OLCL OPSW_Cortroller < Operation: Get|2000Mavigation Mode Normal SYNCHRONOUS: 1.0
< Operation: GetDatation Mode MNormal SYNCHRONOUS: 1.0
SW_DFM_Manager OLETOPS_Data Manager <+ Operation; GetRouting Made Mormal SYNCHRONOUS 1.0
< Operation: GetAnomaly Mode Normal SYNCHRONOUS: 1.0
OLCI OPSW_FCOM_M anager OLCI OFSW_DFM_M anager OLCI OPSW_Data Manager  + OPEration: Poling MEREE g S SIS &
M=t Logical Cornponerts = = = Logical Componerts = 2 = Logical Cormponert == .
OLC| PCDM Manager OLCI DPM Manager OLCI TMTC Manager ik e Sl ST C S SISy S ogical Component SMU Processar Modlz
1 Avionic Function PF TTC RF e
FOHU_OLE <1 Avionic Function PF 1553 I/F Logical Component SMU P/F 1553
=1 Avionic Function GNSS Sensor Logical Component GNSS Device
HLCI_Al:Iu:E-r —— =1 Avionic Function STR Sensor Logical Component STR Device, Logical Component SLSTR Device
- =1 Avionic Function PCDU Sensor Logical Component PCDU Device
=1 Avionic Function RW Actuator Logical Component RW Device
=1 Avionic Function CRS Sensor Logical Component CRS Device
=1 Avionic Function CSS Sensor Logical Component CSS Device
=1 Avionic Function GCS Logical Component GCS TM, Logical Component GCS TC
=1 Avionic Function DORIS Equipment Logical Component DORIS Device

ThalesAler%
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USE CASE — DESIGN (3/3)

F PDHU-SRAL R5232/R5422/R5485 Config

<<Processor=>

O Functional Architecture Definition.

< <Mon-Volatile Memaory==>
OLCI PROM 128 Kbyte

<<Core>>

O Logical Architecture Definition. T ociomme i

< <Mon-volatile Memaory=>=
OLCI EEPROM1 2 MByte

<<Mon-volatile Memory==
OLCI EEFROMZ 2 MByte

O Physical Architecture Definition.

<<Volatile Memory==>
OLCI SRAM B MByte

NNANDN

<=Sensor=>
DORIS

RT1553B
<—\<pmce“or —— e S/C Mode Type [S/A] Freq./MIAT [Hz]| Paclet Standard
<<Sensor>> | OLCI e PDHU < < UART Dock: UART1
GNSS 2] — :
A UARTL ocks = 4 Operation: GetOLCINormalData Mode Normal | SYNCHRONOUS | 227272
LSS < Packet Standard PUS
<=Sensor== ,!' ¥ 4 Operation: GetOLCICallbrationData = Mode Normal SYNCHRONOUS | 227272
<<Sensor== SLSTR —
STR E <<UARﬂ Docks> > ock> > + Packet Standard PUS
f — UART1 ~ 4 Event: AckEvent Mode Normal ASYNCHRONOUS | 22.727274
RT1553B < Packet Standard PUS
<<Sensor=> | = =
—|<<Senmr>> AL 6 | <+ Instructions Per Line Of Code (only required for FINE analysis): 5
PCDU e <<lJAR IDock>>

T ock > > [z - i
| — T J + Volatile Memory OLCI SRAM
<<UART|Dock > » + Data Size: 8 MByte

RT1553E UART1
k<pProcessor Board>> v 4 Non Volatile Memory OLCI PROM
<<Sen50rﬁ.|>1553 BMU Service Type |Sub-Service Type| Data Fleld [Bytel| Cverhead [Byte] | M° Packets
il e S ) 5] 7] PUES [> + UART Doci: UARTL %
=+ P/FMIS536 < <UUART[ Dock > > =<Ground==> = & Dperation: GetOLCINormalDat a . .
UART1 53 GCS = + PLS Descriptar |1 1 335620 00
) - R\FIJI‘ e e es i » Number Packets | | 5
newRT 15538D0ck newRTlE{.E‘SBDocK newRTlE;EﬁBDock SMU_RF_TM S + 4 Operation: GetOLCICalbrationDete| |
<<s'e—‘nsg|—>> <<Se}ﬁér>> = 4 PLIS Descriptor :1 1 394800 200
CRS 55 <<RF link> > + Mumhber Packets ' | 10
RF smuc P RETC_Link RF_GCs_TC Bt el :
z = 4 PUS Descriptor 1 N 20 00
+ Mumber Packers 1

=
ThaIesAIenla
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Tt Packa...

@ Model ...

]type filter text

= Local Session: AAML e =

& Representations per

b = Representations per |

= 5 AAML_example.gaml |

o

+ Anvionic Madel

4

4

+ Awionics Functior|
b4 Avionic Functio
b4 Avionic Functio

+ Awvionic Functio|

S Avdonlcs Functi
4 Awionics Logical £
b 4 Logical Compo
b 4 Logical Compo
b 4 Logical Compo|
b 4 Logical Compo
b 4 Logical Compo
b 4 Logical Compo

b 4 Logical Compo

4+ Aviorics Ph
+ Data Types
+ Spacecraft Mode
4+ Communication

& System Mapping |

L

A O W L .

i I 5

ADCSS 2014 - AAML - E.Alafa

\ Model selection

Select a model and the output folder for analysis results

aaml

Model: |faaml_example/My.aaml
Qutput folder

Use default location

<<| pgical Component==
TCS_Acq_Manager

ModeChang 2

Location: |/home/assert/runtime-EclipseApplication/aaml_example Browse...

Browse... 9
honent

2

M=oy wesge mangin:

28/10/2014 | Page 15
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pace

—1 < Back | Next > | ’ Bus load and Data latency analysis
Ten1peratureJTnDataFlo'uPoft .
- Bus selection aa l
Select the bus(es) to analyze
(ET| | Bus Bus type Analysis kind
2 Result @I Error Log £ Problems| & Console uPFO]ECt Explorer £ Properties x Bus 0 MIL-STD-1553 Coarse v
O Bus 1 UART Coarse |¥
+ Logical Component TCSobjectiveMGT - {
| Bus 2 MIL-STD-1553 Fine hd
Semantic Property | Velue OBus3 UART Coarse |w
Style = Loglcal Compenent TCSobjectiveMGT : -
Appearance Avionic Function |+ Avionic Function CalculateTCSC szl el Al Al Gzl | Al (= |
Mapped Onto ‘4 Processor Board ProcessorBe
Marne TCSobjectiveMGT
Next > | Cancel Finish
FIETIONT ATAIRS FERLIIES :
Me=rmaony: OLCT SRAM
Sysberm mode: Naowrmal
Memory usage: 13 .?.?_7 %
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C&O AND BUS LOAD RESULTS

d Commandability and observability. o
. . ‘j; BSA8E
= TM link at very low level of occupation p =t - >
'53EDock < <RF Docles=>
(1.3_2.6%)- SMU_RF T:4<<RFI k>k>
u TC Iinks: ;::iqﬁ Tlé‘srs “
<<FRF link>>

RF_TC_Link

0 Assumption of visibility window of 10 min.
0 TC upload of SRAL binary: 7974 bps, 55.1% of occupation.
0 TC upload of CSW binary: 20796 bps, 143.7% of occupation.

1 Bus load: 1553B.

= Scheduling: Major frame of 1000 ms and a minor frame of 125 ms.

= Fine-grained analysis computes a bus load of 14%.

O Bus load: UART.

= Fine-grained analysis detects that = |fusSRaLeRU"
SRAL-PDHU data exchange exceeds " Bus load: 118.250046 %

bus capability (due to calibration Bus system load. 119.00389 %
Data throughput: 59125020 bps
messages).

=  After introduction of calibration mode the bus load is reduced to 55.4% (normal)
and 62.8% (calibration).
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ON-BOARD FUNCTIONS AND PERFORMANCE
RESULTS

d On-board functions and performance.

=  Firstly, only one EEPROM is used.

= The fined-grained analysis detects:
0 Computation of CPU load of OLCI OPSW: 51.6%%6.
0 SRAM occupation of 35.7%0 (below 509%0).
o High EEPROM1 occupation: 124.4%0.

= Reallocation of DPM, PCDM, FDIR, PDHU PL and SMU logical components over
EEPROM2:

0o EEPROM1 occupation: 67.3%b.
0 EEPROM2 occupation: 56.9%6.

<Logical Component=>=
LCI FDIR

OLCI_OPSW_FDIR <Logical Component=>=>

LCl Data Tables Managen

OLCl_OPSW_Controller
Controller

<<Llogical Component==>
OLCI Controller

W_Data_Manager

OLCI_OPSW_PCDM_Manage OLCI_OPSW_DPM_Manager OLCI_OPSW_Data_Manager

=Logical Component==

OLCI TMTC Manager

:|OLCI_OPSW_TMTC_Man PDHU_OLCI
OLC-AckEvent_EvEm

<Logical Component==> <<Logical Component==>=
COLCI PCOM Manager OLCI DPM Manager
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CONCLUSIONS AND FUTURE WORK

0 AAML study has provided:

= ldentification and evaluation of the avionics analyses.

=  AAML modelling language:

o The AAML entities are precise and practical enough for capturing the avionics
architecture and to be used as input for specialized avionics analysis.

o It supports the possibility of both coarse- and fine-grained specification by
means of the non-functional properties defined.

«  AAML toolset:

o It allows the design and analysis of the avionics system through the different
development phases.

0 Future work activities in the modelling language and the toolset have
been identified. Some examples:

Future Work Priority

Extend the meta-model and toolset to support additional avionic analyses MEDIUM
Improve the analysis reports output format MEDIUM
Develop and independent model consistency validator HIGH

Include hierarchy levels MEDIUM
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Thank you!

Elena Alana Salazar
ealana@qgmyv.com

Space Systems Business Unit
Avionics & On-Board SW Division

Presented by
Marco Panunzio — Thales Alenia Space

marco.panunzio@thalesaleniaspace.com
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