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Plan

Â Railways

ÁB in Large-Scale Projects:  The Canarsie Line CBTC Experience 

ÁValidation of large scale railways models

Â Space

ÁEvent-B in space

Â Microelectronics

ÁA ñcorrect by constructionò realistic digital circuit
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B   in large scale projects: 

The Canarsie line CBTC experience

Â Author:

Daniel Dollé

Siemens Transportation System
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Validation of large scale railways 

models
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Event -B in Space

Â Author

Dubravka Ilic

Space System Finland

Full presentation available at www.bmethod.com
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14Deploy within SSF (2008 ï2012)

Â Investigates ways on advancing engineering 
methods for dependable systems

Â SSF: develops high reliability embedded software for 
space applications

Â Before Deploy:

üNo FM practice òin-the -houseò
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15SSFôs Project Goal

Â A model driven approach to formal development of 
critical embedded systems

Â Introducing formal modelling framework ïEvent -B ï
into the ongoing space project - BepiColombo

Â BepiColombo: exploration of the planet Mercury

ÁTwo orbiters sent to investigate geological evolution

ÁMercury Planetary Orbiter responsible for carrying remote 
sensing and radioscience instrumentation



16BepiColombo SIXS/MIXS Environment

DPU  data processing unit

SIXS Solar intensity X - ray & particle spectrometer

MIXS Mercury imaging X - ray spectrometer

PSU Power supply unit



17High -Level Architecture

Â SIXS/MIXS On -Board software (OBSW) 
consists of five main software components

MIXS-T

Mode management

MIXS-C

Mode management

SIXS-X

Mode management

SIXS-P

Mode management

CSW

TC/TM

Mode management 

Hauskeeping
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18Motivation

Â Packet U tilization Standard (PUS) provides a set of 
distinct services

Á telecommands & telemetries

Â Various missions can choose to implement standard 
PUS services that best match their specific 
requirements

­ promotes the reuse of on -board and ground systems
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19Telemetry and telecommand

Â Telecommand

Ç a device command/request executed by an on -board 
hardware 

Â Telemetry 

Ç a report usually as a response to some previously sent 
telecommand, although it can also be issued 
spontaneously
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20Telemetry and telecommand requirements

Â The detailed structure of all instrument 
telemetry and telecommand packets
Á compliant with PUS

Â The most common PUS services:
1. TC verification service
2. Housekeeping data reporting service
3. Event management service
4. Memory management service
5. Time management service
6. Test service
7. Science data transfer
8. MIXS and SIXS Private services
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Mode management implementation

Â Reveals seemingly transparent architectural division 
of OBSW components

Â For every component, mode commands are executed 
according to specified transition diagrams
Á For CSW mode changes according to system level mode 

transition diagram
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Standby

Safe

TC

TC TC/FDIR

Operational

SIXS MIXS

In the system Standby

mode, all the ASW 

modules shall be in their 

respective Standby, Off

or Safe modes.

Synchronizing system level and instrument 
modes
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Results (3) - Statistics

Â 8 refinement steps

+ 155 POs for axioms and theorems in contexts

*TOTAL of 1000 POs

No. of events Total Auto. Manual. Undischarged

obsw_M000 10 16 16 0 0
obsw_M001 19 181 162 19 0
obsw_M001continued 19 190 49 141 0
obsw_M002 33 24 24 0 0
obsw_M003 40 127 119 8 0

obsw_M004 44 31 25 6 0
obsw_M005 44 10 10 0 0
obsw_M006 57 155 127 28 0
obsw_M007 63 111 104 7 0
Total 63 845 636 209 0
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Modelling has exposed challenging 
tool and methodology needs

Â Need to support team work and modularity, e nhance 
proof resuability

Â Code generation
Á Choice of a programming language in space 

applications is limited to only C and Ada 
Á Conformant with some standard
Á Additional requirements (no recursion, dynamic 

memory allocation, etc. )

Â Hard to decide on specification and refinement 
strategy
ü What is the ñrightò abstraction
ü What comes first to ñeaseò the development, i.e., what 

is the strategy that facilitates automatic proofs
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28New pilot... AOCS

Â AOCS = A ttitude & Orbit Control System

Â Used to determine and control the attitude of the 
spacecraft while in orbit, based on the information 
from various sensors
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29Typical AOCS

Â Provides different modes
for attitude and orbit 
control of the spacecraft 
according to the specific 
operational constraints
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30
AOCS cyclic execution

Â AOCS activities are executed in cycles
Ç Sensor Data Processing ­ Control Computation ­

Actuator Commanding ­ FDIR ­ Mode Management ­
Unit Management

Sensor_Data_Processing

Execute_Currently_Selected_Controller

Actuator_Commanding

Performs the computation of 

the attitude control algorithms
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Mode Manager

Â Nominal mode changes ï
autonomous

Â Responsible for:

ÇExecution of 
transition

ÇAutomatic start of 
transition

ÇSelection and 
initialisation of the 
controller

ÇCorrect configuation 
of units

Off

Standby

Safe

[not Standby_Entered_Once] / To_Standby

[Separation.Done] / To_Safe

Nominal

Preparation

[Coarse_pointing_reached] / To_Nominal

[Fine_pointing_reached] / To_Preparation

Science

[PLI_is_ready] / To_Science
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Mode transitions are executed in 
steps

Â Mode transition are not atomic!

Â During one AOCS cycle only one mode transition 
step is executed

Â Each transition criteria associated to a mode is 
cyclically checked in the active mode

Â If the condition for mode transition is TRUE then the 
mode transition is autonomously performed
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Example : 
Mode transition 
to Preparation
mode

Disable_PLI_management

Move_GPS_to_Fine_Navigation_State

Step 0

Move_PLI_to_Standby

Step 1

Lock_PLI

Enable_PLI_management

Reserve_PLI

Step 2

Activities in 1 cycle 
are atomic.
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Mode specific 
unit 
configuration

Â 7 different units:

Ç 4 sensors

ÅEarth sensor ïES

ÅSun sensor ïSS

ÅGPS

ÅStar tracker ïSTR

Ç 2 actuators

ÅReaction Wheel ï
RW

ÅThruster ïTHR

Ç Payload instrument ï
PLI

Off

Standby

Safe

[not Standby_Entered_Once] / To_Standby

[Separation.Done] / To_Safe

Nominal

Preparation

[Coarse_pointing_reached] / To_Nominal

[Fine_pointing_reached] / To_Preparation

Science

[PLI_is_ready] / To_Science

All units Off

All units Off

ES, SS, RW On

Other units Off

STR, RW, THR On

GPS Coarse_Navigation

Other units Off

STR, RW, THR On

GPS Fine_Navigation

PLI Standby

Other units Off

STR, RW, THR On

GPS Fine_Navigation

PLI Science

Other units Off
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35FDIR

Â Executed cyclically whenever monitoring is enabled

Â Order of handling:

X Handle mode transition errors

X Handle unit errors
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FDIR due to mode 
transition errors

Off

Standby

Safe

Nominal

Preparation

Science

[Mode_Transition_Error] / Reboot

[Mode_Transition_Error] / Back_To_Safe

[Safe_Mode_Error or Unrecoverable_Unit_Error] / Reboot

[Safe_to_Nominal_Error] / Back_to_Safe

Â Before mode transition 
error is handled, all 
possibly ongoing unit 
reconfigurations are 
aborted
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FDIR due to unit errors ïwithout 
available redundancy

Â In case of a unit error , in case 
redundant unit is not available

ÇThe mode is downgraded to the mode where 
the unit is not used 

üE.g., in case of GPS error while in Fine navigation 
mode , the AOCS mode is changed from Preparation
to Safe mode, since in Safe mode, GPS is Off )
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Off

Standby

Safe

Preparation

All units Off

All units Off

ES, SS, RW On

Other units Off

STR, RW, THR On

GPS Coarse_Navigation

Other units Off

STR, RW, THR On

GPS Fine_Navigation

PLI Standby

Other units Off

STR, RW, THR On

GPS Fine_Navigation

PLI Science

Other units Off

[PLI_Error=LOA] / Back_to_Preparation

[PLI_Error & Redundancy_not_available] / Back_to_Nominal

[Unit_Error:{GPS, STR, THR} and Redundancy_not_available] / Back_to_Safe

[Unit_Error:{ES, SS, RW} and Redundancy_not_available] / Reboot

[RW_Error and Redundancy_not_available] / Reboot

Science

Nominal

[PLI_Error & Redundancy_not_available] / Back_to_Nominal
Error types:
Ç Timeout

Ç Invalid_Data

Ç Commanding_Error
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FDIR due to unit errors ïwith redundancy 
available

Â In case of a unit error 
when redundant unit is 
available, unit 
reconfiguration is 
needed

Ç A redundant unit has 
to be taken into the 
same state as the 
nominal unit when 
failed

Off

Standby

Science

PLI nominal

Off

Standby

Science

PLI redundant

[PLI_error & Redundancy_available] / 

Switch_to_redundant_in_Standby

[PLI_error & Redundancy_available] / 

Switch_to_redundant_in_Science
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Attitude Error

Â Part of FDIR:

X Handle mode 
transition errors

X Handle attitude 
error

X Handle unit errors

Sensor_Data_Processing

Execute_Currently_Selected_Controller

Actuator_Commanding
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Off

Standby

Safe

Preparation

[Attitude_Error] / Back_to_Preparation

[Attitude_Error] / Back_to_Nominal

Science

Nominal

[Attitude_Error] / Back_to_Safe

[Attitude_Error] / Reboot

[Attitude_Error] / Reboot

[Attitude_Error_during_FDIR_transition] / Back_to_Safe 
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42New pilot brings forward:

Â Discovering & expressing state invariants (much more complex 
state space than in BC; autonomous transitions allowed) ­
safety invariants

Â Non -determinism (high priority commands ­ FDIR ­
autonomous commands ­ telecommands)

Â Synchronisation problem (resolve conflicts of inconsistent 
states)

Â Concurrency
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" W$033&$5 #: $0/4536$5*0/V 

realistic digital circuit

Â Author: 

Marc Benveniste 

Digital Secure Access Division  

STMicroelectronics

Full presentation available at www.bmethod.com



44



45



46



47



48



49



50



51



52



53


