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UNA COMBINAZIONE DI ESPERIENZE UNICA CHE COPRE L’INTERA CATENA DI VALORE 

 

UNA JOINT VENTURE TRA DUE COLOSSI  
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People from TASI AQ SW Department 

Context 

Thales Alenia Space in Italia 

Centro di Competenza Soluzioni SW 

Dipartimento di SW Avionico 

 

 

Dott Ing Paolo Serri 

Dott. Sante Candia (Head of Avionic SW Department) 

Dott Ing. Giovanni Lisio (SW product Policy Manager) 
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Missioni e Tipologie di 

Osservazione della Terra 

Sentinel 1 A/B 

Sentinel 1 C/D 

Cosmo Skymed 

Cosmo Second Generation 

PLATiNO 

Esplorazione dello spazio 

Exomars 2016 

Exomars 2020 

Earth Positioning 

GALILEO 
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Sentinel 1 
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Obiettivi 

Sopravvivenza dello Spacecraft 

Geostazionario -> Tempi rapidi di comunicazione -> Gestione da terra 

Orbitante/Esplorazione -> Gestione autonoma 

 

 

 

Esecuzione della Missione 

Mantenere in vita i Payload 

Mission Timeline 
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The architecture (ESA SAVOIR reference) : 

On Board Computer and standard HW 
architecture 
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Integrates : 

 

On Board Computer 

A SPARC V8 processor including a debug module (DSU), a high-
performance FPU (GRFPU), large caches (2 * 64kB) and a MMU  

A CCSDS TC decoder  

A CCSDS TM encoder  

A CCSDS Time Management controller  

A number of  * SpaceWire controllers, 2 of them being multiplexed and 7 of 
them supporting the RMAP protocol in HW  

2 * 1553 BC/BM/RT controllers (each exclusive with the CAN controller that 
shares pins)  

2 * CAN controllers (each exclusive with the 1553 controller that shares pins)  

4 * UART controllers (3 * APB UART and 1 * AHB UART)  

2 * memory controllers (One dedicated to CPU and one dedicated to the IO 
and TMTC modules)  

A Housekeeping module  

An AHB bus monitoring module  

MAP interfaces to cross-strap  
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Basic Utility Service (BUSV) 

Implementa un’astrazione dei sottostanti Driver 

Logica di gestione canali di comunicazione 

Handling degli errori 

Gestione Code di TC e TM 

Gestione del tempo di sistema 

Accesso a tutte le aree di memoria del computer di bordo 

Registri 

Memorie Non Volatili 

Interrupt Manager 
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Packet Utilization Standard (PUS) 

Il riferimento è ECSS-E-ST-70-41 

Fornisce la specifica di un insieme di servizi 

di bordo 

I servizi forniscono supporto alle 

applicazioni nell’avionica. 

Forniscono un’interfaccia standard verso 

terra 

Possono essere configurati e ritagliati in 

base alle specifiche esigenze di missione 
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Servizi PUS overview 

PUS 1 (telecommand verification) 

PUS 2 (device commanding), 

PUS 3 (housekeeping & diagnostic reporting) 

PUS 4 (statistics reporting) 

PUS 5 (events reporting), 

PUS 6 (memory management) 

PUS 9 (on-board time management), 

PUS 11 (time-based schedule management) 

PUS 12 (on-board monitoring), 

PUS 14 (packet transmission management) 
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PUS 15 (on-board storage & retrieval), 

PUS 17 (connection test) 

PUS 18 (OBCP management) 

PUS 19 (evant-action management) 

PUS 130 (command database management), 

PUS 131 (orbit management) 

PUS 132 (position-based schedule management), 

PUS 133 (two-step TC management) 

PUS 134 (TC batch management), 

PUS 160 (RM oscillator management) 
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Servizi PUS overview 

PUS 1 (telecommand verification) 

PUS 2 (device commanding) 

PUS 3 (housekeeping & diagnostic reporting) 

PUS 4 (statistics reporting) 

PUS 5 (events reporting) 

PUS 6 (memory management) 

PUS 9 (on-board time management), 

PUS 11 (time-based schedule management) 

PUS 12 (on-board monitoring) 

PUS 14 (packet transmission management) 
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PUS 15 (on-board storage & retrieval) 

PUS 17 (connection test) 

PUS 18 (OBCP management) 

PUS 19 (evant-action management) 

PUS 130 (command database management), 

PUS 131 (orbit management) 

PUS 132 (position-based schedule management), 

PUS 133 (two-step TC management) 

PUS 134 (TC batch management), 

PUS 160 (RM oscillator management) 
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Attitude & Orbit Control (AOC) 

Si occupa del mantenimento in orbita del satellite e/o della 

navigazione 

Implementa complessi algoritmi di controllo di assetto 

Calcola posizione e assetto basandosi su 

Star Tracker 

GPS 

Gyroscopi 

Applica correzione con 

Thruster 

Reaction wheels 

Magnetotorquers 
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Assembly Managers (AM) 

Si occupano della gestione di alcuni sottositemi di bordo 

Termico 

Controllo di temperature basato sull’uso di riscaldatori gestiti in abse alle 

temperature acquisite. 

Elettrico 

Controllo della rete di distribuzione elettrica 

Monitoraggio delle tensioni fornite 

Payloads 

Configurazione 

Comando 

Acquisizione telemetrie 

Monitoraggio delle funzionalità 
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Mode Manager 

Si occupano della transizione tra i modi operativi 

Esegue transizioni di modo autonome 

E.g. conferma la separazione dal lanciatore 

Riceve da terra le richieste di transizione di modo 

Asserisce la configurazione del modo di destinazione 

Controlla i parametri degli AM e/o dei sottomodi di AOC 

Controlla i pre-requisiti per attuare la transizione di modo. 

Controlla i parametri degli AM e/o dei sottomodi di AOC 

Conferma che i modi di partenza e destinazione sino compatibili 

Solo alcune transizioni sono permesse 

Si occupa di transizioni di modo di recovery 

Contiene una serie di operazioni da fare in caso di failure 
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Si occupano della transizione tra i modi operativi 
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E.g. conferma la separazione dal lanciatore 
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Asserisce la configurazione del modo di destinazione 

Controlla i parametri degli AM e/o dei sottomodi di AOC 

Controlla i pre-requisiti per attuare la transizione di modo. 

Controlla i parametri degli AM e/o dei sottomodi di AOC 
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Solo alcune transizioni sono permesse 

Si occupa di transizioni di modo di recovery 

Contiene una serie di operazioni da fare in caso di failure 
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The Hypervisor 

The Multicore Approach 

Utilizzo di un Hypervisor per garantire 

Segregazione Spaziale 

Segregazione temporale 

Facilità di integrazione dei vari SW nell’ambiente MultiCore 
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The Software 
Development & 

Validation 
Environment 

(SDVE)  
The Spacecraft Units 

Simulation Models 
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Context 

Avionic software test environment 

Validate the ASW before having the real hardware 

The environment components are 

MTP (Ground) 

ECHO 

OBE 

TCC 

TESLA 

SDVE (Satellite) 

SIMSAT 

TSIM 
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Main Test Processor 

MTP 

Control Environment that permits to: 

Send Telecommands 

Monitor telemetry packets 

Monitor telemetry parameters 

Automatically execute satellite procedures 

Operational commanding 

Satellite functional test 

Avionic Software 

Attitude control algorithm 
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Simulation Development & Validation Environment 

SDVE 

The SDVE simulates the satellite behavior around the Avionics 

Software 

TC/TM hardware and communication link 

OnBoard Computer hardware 

Satellite Attitute 

Processor emulator 

 

Developed on SIMSAT real-time framework 

High model configurability 

Prepacked User Interface 

Time based event manager 
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Main Components 

SIMSAT 

Kernel 

Discrete event scheduler 

Model execution engine 

Logger 

User models 

C++ models 

Tsim (Processor Emulator) 
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MMI (Man-Machine Interface) 

Log viewer 

Models Browser (Simulation tree) 

Event viewer 

Data viewer (graph and alphanumeric) 

Commander (models interactions) 

Simulation controller 

(load/start/stop/pause) 
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Main Components Schematic 
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Main Components Schematic 

SIMSAT 
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What is it and what is Tsim 

The processor emulator  

A processor emulator permits to verify and validate a cross-compiled 

SW without use a developement board. 

 

TSIM is ERC32 and LEON processor family emulator  Gaisler product’s 
name. 

Can be used as stand-alone emulator 

Can be included as a static library 

Inside SIMSAT it can be considered as an user model. 
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Kernel Interface 

SIMSAT 

Permits to interact with the Kernel to: 

Log a message 

Request a time based schedule of a service 

One shot execution 

Cyclic execution 

Publish models and model data 

Publish a model service 

 

Every kernel interaction can be monitored through the MMI. 

 

For develper: the kernel interface is a C interface file. 
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Common Services 

SDVE Models services 

Each SDVE model publish the following services: 

Display 

Print on log Viewer the data of the caller model. 

SetDebug 

Enable/Disable the model debug mode (usually enable a major log verbosity) 

SetDebugLevel 

Permits to set the debug verbosity level  

(really implemented on limited set of model) 

SetFailed 

Permits to simulate the model failure 

SetPowered 

Permits to switch on/off a powered unit 

 

The Recursive version of each service acts on the model and on its 
submodels. 
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Model specific services 

SDVE Models services 

Reconfiguration Module 

SetSeparationSwitch 

RaisePmAlarm 

RaiseBatteryAlarm 

Interrupt Manager (Epica/Aurum/Tempesta) 

ForceInterrupt 

ClearInterrupt 

TC Decoder 

InjectTcFrame 

InjectTcSegment 

Each REG_SET 

WriteRegister 
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Model specific services 

SDVE Models services 

1553 BUS Controller 

SendDataBlock 

AcquireDataBlock 

ProcessCommandBlock 

1553 BUS 

SetRTDumpEnable 

SetDumpFile 

CloseDumpFile 

ShowBusUnits 

1553 Remote Terminals 

Force1553Word 

Unforfe1553Word 

SetForceStatus 
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Call model services 

SDVE Models services 

MMI Commander 

One command at time 

No reuse 

 

Javascript SIMSAT Engine 

Automatic procedure 

Reuse of script file 

 

All the approaches share the same syntax: 

Eg: BUS_1.SetDebug(1) 

The model to use has to be in the Objects list, if they isn’t it’s enought to 
drag and drop it from the simulation tree. 

 

Directly from a TESLA sequence (MTP side) using the DSS connection. 

Eg: send_rc_output("DSS", BUS_1.SetDebug(1)); 
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Javascript Simsat example 

SDVE Models services 

//------------------------------------------------------------------------------ 
function SMU_ON() 
//------------------------------------------------------------------------------ 

{ 
   AddComment("*******************************************"); 
   AddComment("SMU_ON           BEGIN"); 
   AddComment("*******************************************"); 
    
   Scheduler.SimTimeWait(1000); 
    

   Scheduler.Start(); 
   Scheduler.SimTimeWait(2000); 
 
   AddComment("-------------------------------------------"); 
   AddComment("SMU Initial Nominal Configuration"); 
   AddComment("-------------------------------------------"); 
   

   AddComment(">> Send TC HPC1M LRM_RM_1_Available_True");     
   TcInjectPoint.InjectTcFrame("23 FF 00 11 00 c0 10 21 c0 00 00 03 01 06 00 00 00 00");   
   MMI.Wait(500); 
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BUS Traffic 

ASW test on SDVE - case of study 
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BUS Traffic 

 

ASW test on SDVE - case of study 
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BUS Traffic 

 

SDVE test case of study 
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Thermal control loop 

 

ASW test on SDVE - case of study 
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Tesi / Tirocini 

Studio di T-EMU  

Sostituzione di TSIM con T-EMU (probabile tesina) 

Confronto tra simulatori Leon4  ibridi e basati su emulatori (vantaggi, 

svantaggi, performance,..) 

Analisi prestazioni T-EMU 

 

Simulatore ibrido basato su schede GR 740 (Leon4). 

Limiti e funzionalità del simulatore ibrido basato su board GR 740 

Hot restart su simulatori ibridi, ovvero salvataggio del contesto Hw/Sw in un 

determinato istante e ripristino in un secondo momento. Una sorta di punto di 

ripristino 

 

Ingegnerizzazione di un tool per la generazione di codice a partire dal 

databank 
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Tesi / Tirocini 

Modellazione / Prototipazione di un’implementazione SW per TM/TC 

decoder ed encoderSostituzione di TSIM con T-EMU (probabile tesina) 

 

ON board SW Cybersecurity (Innovative  integrity check on Avionic 

SW  e crittografia SW) 

 

Hypervisor Architecture on ARM R-series for new Avionics SW  

 

Tecnologia SW TTEthernet su Avioniche di Bordo, topologia, protocolli SW 

e qualifiche SW 

 

FDP – SW protocol stack mock up per Satellite Command & Control 

( trasferimento di files Ground/Bordo e Bordo-Bordo) 
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Tesi / Tirocini 

CFDP – SW protocol stack mock up per Satellite Command & Control 

( trasferimento di files Ground/Bordo e Bordo-Bordo) 

 

Benchmarks of Innovative IV&V SW tools and methods to automatize 

Avionic SW qualifications 

 

 

 

20/12/2018 

Paolo Serri 


