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1.What is MBSE ?

2 .History : some background on modelling technologies
3.A vision for the future

4.Current state of the art (TASTE, OSRA)

5.Use in projects

6.Conclusion and the short-term future
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What is MBSE ? -@Ssa

GOALS

Simplify the development and improve the quality of computer-based systems
using

« Mature and well-defined languages and processes
« Tools to achieve correctness by construction

Make software engineering part of the System activities via MBSE

TARGETS
Real-time, distributed embedded systems (flight and ground)
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MBSE : Models and Methodology covering...

SPECIFICATION DESIGN AND CODE

Mix models with code
Architecture — Data - Dynamics
C, C++, Ada, Simulink, SDL, Micropython,
VHDL, Modelica...

e
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Use models to create a system

d-esa

SIMULATION AND
TESTING

..As early as possible...

Aumfoosd

taste

swile test dnpes

-Ox

e

santertssl

e

An

FEAL{BI9ARIRIHIH OO FAESHAESEAEREE.00)

List rep

BSW-TM-SourceData (CHOICE

GENERATION OF
CODE, TESTS, AND
DOCUMENTATION

On Proba-3, 300 pages of ICD:

g all

Only single item from this list can be present in TM at once.
Present item is determined by raporting service type and sut-type.

ible data by TM
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1 type Lintf

2 suoType Uintg
Data in PUS(1,1) report -

1 T A Report- type=1 AND subType=1 TM-PUS-1-1-AckSuccess 32 a2
Success.
Data in PUS(1,2) report -

2 ackFailure Telecommand Acceptance Report- type=1 AND subType=2 TM-PUS-1-2-AckFailure 40 40
Failure
Data in PUS(17.2) report - Link 5 S A

11 connectionReport Bhtiesion Hepa! type=17 AND subType=2 TM-PUS-17-2-LinkConnectionRepart 0 (i
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Before 2000

®
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The “golden age” of formal methods,
proof engines, visual modelling

Major commercial tools all included a model
checker (Opengeode, Statemate, SDT)

*

2000
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Before 2000

But... the need was not understood

Code generation was hardly supported

Embedded platforms allowed only tiny
applications to run (1 MHz CPU!)

— Tools were expensive and model checkers
| required a lot of memory to run
2000
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What happened then...

®
N
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Most tool vendors gave up and sold business
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In the 2000s, another attempt

One informal language to rule them
all.

Syntax and semantics do not
matter anymore

Methodology and process come
with the tools, not with the
language

2000 2010

“Cheap” tools and heavy marketing
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What happened then...

It failed, too.
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Since 2010: learn from the mistakes?

Make collaborative, open-source tools

Mix formal and informal languages

Address system and software altogether

Think long term

' Use on real, large scale projects

2010
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What will happen next? A vision for the future ‘\\\Q& eSa

Objective: to have within 5 years a large adoption of MBSE in all
new ESA projects

Executable specifications (state machines in the loop)
Data models (no more manual ICDs)

Automatic code generation

Updated ECSS standards to support this evolution....

In parallel, R&D shall focus on more advanced use of models
e Proof of system properties
e Optimization of resources
e Al to ease the production of the “right system”
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Current state of the art {zesa
ESA R&D Explore languages, operating systems,
Activities avionics, compilers, ... based on the needs
from projects.
R T
tE:Ste TASTE Technology placeholder forming the state of
heonntSeror Tl ) the art in MBSE methods and tools

— Define a software architecture and component
SAVOIROSRA OSRA model tailored for the space domain

Space
systems
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TASTE TECHNOLOGY PLACEHOLDER d:cesa

TASTE is putting together the ingredients to support technology exploration

It provides the bricks required by OSRA to disseminate MBSE to operational
projects:

*Formal description techniques and modelling languages
*Architecture, data, and behaviour modelling
sAutomation

*Clear, unambiguous steps to reach the desired results

The TASTE/OSRA ecosystem favors free and open-source tools
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Step 1: logical architecture (AADL)

File New Edit Tools View

TASTE

Option 7

LBEBER

B+ -8

74
i
)
E
E
&
k4
[
%
ﬁ

— DataView =
DataView.acn
I taste-types.asn

|» DataView.asn
-— InterfaceViews
Shared Function Types
Local Function Types

— interfaceview: |V
L Computer_PI|_Swi
"1 User_Pl_Pong_Cc
"L Computer_Pl_Ping
< [FU]Computsr
PFISwitch_Power
EDPong
C@Ping
< [Fu]User
EDSwihch_Power
C@Pong
E)JPing
[ Peek_Poke:V (import 0)
— DeploymentView
— deploymentview:DV
< [HONode1
— [ *86_linux
w {Phitaste
[Fu|Compu
[Fu|User

— NV 1k Dant =

Data\l’iew] Interface View] Deployment View] Goncurrency\l’iew] MDL]

Switch_FPower Switch_Power

User Computer

Fing Fing

Fong

A ¥

Fong

Search ~¢I @

Mo Selection
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Step 2: Define all data structures (ASN.1)

|
Projects

e

Timewindow.asn1

| service-02

LogicalDevice.acn
LogicalDevice.asnl
PhysicalDevice.acn
PhysicalDevice.asn1
PUS-2-1.acn
PUS-2-1.asnl
PUS-2-10.acn
PUS-2-10.asnl
PUS-2-11.acn
PUS-2-11.asnl
PUS-2-12.acn
PUS-2-12.asnl
PUS-2-2.acn
PUS-2-2.asnl
PUS-2-4.acn
PUS-2-4.asnl
PUS-2-5.acn
PUS-2-5.asnl
PUS-2-6.acn
PUS-2-6.asnl
PUS-2-7.acn
PUS-2-7.asnl
PUS-2-8.acn
PUS-2-8.asnl
PUS-2-9.acn
PUS-2-9.asnl
Reqisters. acn

Open Documents

BasicTypes.asnl

MessageType.acn
MessageType.asnl

MyModel.acn
MyModel.asn
PacketTypes.acn

PacketTypes.asn1*

Parameter.asnl
Request.asnl
TC-Packet.acn
TC-Packet.asnl
TM-Packet.asnl
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PacketTypes.asnl (PUS-C/ccsds @ MyProject) [master] - Qt Creator

--! You should have received a copy of the GNU General Public License
--! along with this program. If not, see <http://www.gnu.org/licenses/>.
-1

PacketTypes DEFINITIONS AUTOMATIC TAGS::
EXPORTS ALL;
IMPORTS

ApplicationProcess-ID FROM ApplicationProcess;

BEGIN

CCSDS-Packet {Packet-ID-Type, PacketDataField-Type} ::= SEQUENCE
{
packetVersionNumber PacketVersionNumberValue,
packet-ID Packet-ID-Type,
packetSequenceControl PacketSequenceControl,
packetDatalLength PacketDatalength,
packetDataField PacketDataField-Type

}
PacketVersionNumberValue ::= NULL
Packet-ID {PacketType-Type} ::= SEQUENCE
{
42 packetType PacketType-Type,
43| sSl applicationProcess-ID ApplicationProcess-ID
SecondaryHeaderFlag ::= INTEGER (© 1)
PacketSequenceControl = SEQUENCE
{
sequenceFlags NULL,
packetSequenceCountOrName INTEGER (@ .. 16383)
}
PacketDatalength = INTEGER (@ 65535)

-4

Line: 43, Co

»

Al issues JE) search ResultsApplicatinn Oulputcompile Output JE)| Debugger Console L] Test Results

e
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Step 3: Model the behavior (SDL)

L
®
N
Q

[ OpenGEODE [ S
File
wld v |
) - process computer | S Statechart view I Data dictionary g x
timer Sleep_Timer; & = 1 2
(:) E- ASN.1Data tvpes
del Cmd Power; Power view
¥ [ ] T_Boolean  view
z del ET_UInt32 :=0; T_Int32 view
shcauntil | Ping(Dummy}< | Sleep_Timer< T_Int& view
e 2 T_UInt32 view
E__ _J dclDummy T_Boolean; | | T Uints Viaw
¥ % \ .. ASN.T Canstants
; Count := Count + 1 | Off 1 - Input signals
Quns> & ! - Output signals
I lgnore Ping L alates
I Off - Label
TASK \ / iwhen power is OFF B V?ari?ats:les
- Timers
@ Set_Timer (1000, Sleep_Timer) |
(e )
|
[eau]
[ ]
oo | ( Power_On ) ( Power_Off )
—L__ ‘ Set_Timer (1000, Sleep_Timer) ‘ | Reset_timer (Sleep_Timer) |
S 4| | = | Dataty. _ Datadiction.. |
4
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Step 4: Model or code the algorithms (Simulink)

<roll>

<pilch>

<yaw=

et
droll raf o droill ref
e
-
roll P
-
1 | pitch_ref g
l—b dpitch ref
attitude ref inputs »| pitch_x dpitch ref N
are in degrees - _
| doitch i L »( )
<aitituda> I <roll> [ pitch pitch »
> b yaw_ref stabilizerOutputs
<pitch> _f
stabilizerlnputs <gyro> yaw= J 1™
N —_ »
<resetFlafj> -
chyaw ref f—— o ciy
ag yaw LL"/ . seopaliroliRef
> tFlag invert1
Attitude_Controller | of controller_pid c:92
Rate_contraller
» - J-l\
' ER T
Py nvert
«cf controller_pid c:85 scopeDpitchRef
scopellyawRel
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Step S:

Simulate and

check properties

=

Vi
17

C computer G [m] 334‘ MSC Recorder 8 ®
= MSC  SDL
- Switch_Power msc Untitled
Switch_Power ®
Field Value Present o — o
i Switch_Power power-off P P
Switch_Power(power-on)
Send TC |
— 7 SET_Sleep_Timer_1000
Pong @&
T
Field Value Present
- Pong 2 Ping(FALSE)
Pong(l)
; [ Plot v] I Meter
. % SET_S| Ti 1000
Available test scripts: Ping(FALSE) ->Ieep_Timer_
| Internal state | Simulation bay ] Checker bay ] ™ =
Internal state ® Pong(2)
Field Value Present 57 SET_Sleep_Timer_1000
- Current SDL state ON - - -
- count 2
- dummy False E— E—
- cmd power-on
Apply
Run || load || Edit | | |
ENUMERATED | 11l [+]
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Step 6: Generate or write test cases, and run
them

fitch_Power ', 'power-on',

Ping', 'FALSE', lineNo=8E)

=gl 'Pong’, '1',

Ping', 'FAL
(msgId L queue. getNext
msgld g':
print (
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Step 7: Deploy on a target

File MNew Edit Tools View

Option 7

TASTE

CERER[+ -&[#

o G olmm 0 u]

> DataView
I InterfaceViews
— DeploymentView

<~ [RNods1
I (Jx86_linux
< DV_Lib_Root
< Processors

erazyflie_v2 gnat

[JxB6 linux
86 linue_dil
[Cx86.win32
I» Devices
I Buses
ConcurrencyView

~ deploymentview:DV

(FJstm32f407_discovery.gnat2017
(FJstm3zf428_discovery.gnat2017
(TJleonz.femss1_posix
(TJn2x.rtems51_posix
[TJlgr712re.tems51_posix
(FJgr740.rtems51_posix

(FJleon3.rect 3re5_posix
(TJlgr712re.rec1 3re5_posix
(TJn2x.rec1 3re5_posix
[TJlgr740.ree13re5_posix

[l

Data View | Interface View | Deployment View¥] | Concurrency View | AADL |

Node1

B_linux

tast=

User
Computer
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In reality...

;
72,
Y

... Has someone ever used all (or any of)
that?
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ESA operational project using MBSE

@ proba-3

This module containg all tvpes specific for ASW Telemetry.

wble 13 - ASW.TM duta smaceure definition.

T
ASW-TM (SEQUENCE]} Min: 20 bytes | Max: 1051 bytes

=1 sent by Cl ASW.
1 packetHeader Packet hoader & defined in [RD4] always  TM-Pockeeader NA 48
7 packetDabsFld wml”“";:”m]m Ahuays  ASW.TM PackaiDoiaFisk NA 12 #360

Table 14 - ASW-TM-PacketDasaFrrld deta srucnuce defimition.

ASW-TM-PacketDataField (SEQUENCE) Min: 14 bytes Max: 1045 bytes

Sructure field of &l telamatry g CIASW

1 datoFiidtoncer (Data Neid hosder &S RO4) ahways  Thi-DotaFieldHoader MA (. i
[Data specific for service report

2 sowceData by ot A always  ASW.-TM-SoureDoin NA 0 8248

Checksem caboulaled s defined n
{8}

. %2 [RD4] always  Lintl6 NA % L]

3 packetEmorControl
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PUS-C implementation
on the payload with
TASTE

Code, Tests and
300 pages of ICD
generated automatically

Flight and ground
segments
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Other (non-ESA) projects ‘\\&&; €eSd

2940512018

,
ThalesAlenia

:::hd*:azzn_,’x:mmm‘ 2015 Thales Alznia Spose UK Lrmiea i gy Spn(p
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Other (non-ESA) projects

. Deutsches
E <4 Forschungszentrum
fiir Kiinstliche
Intelligenz GmbH
Robotics Innovation Center
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Other (large) non-ESA projects £CSd

b

WEB APP
(Python, JS)
e

Data Logging

— User Interface

= 2herne
e - s B o e S i SR B S R T S RS T B o A R o A B ik ]
: s U System Controller A ;
the logic (TASTE: \.EL_ -
1 WlndTracker SelfChecker| Refiller
o, o
: n prom— P —
; v Stirling Controller Utilities
% o EngineHighLevel
1/0 and : n =
utites L | Al Vi &
(TASTE: C) r : = Checker Checker Regulator
‘ e
‘ r Dis h buffered To Stirling buﬁered Vo
| ) Industrial

DOPPTTIORETOERNRPIR PRI & o vt it o e S b ot RN 1. o g control

for dish
motors (PLC)

protocol

Dish HW Intzrface | I Stirling HW Intarface\l‘m

FONDAZIONE
BRUNO KESSLER
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The future {zesa

e The TASTE Steering Committee kick off meeting is this afternoon
o with FBK, TAS, Airbus, DFKI, N7S, GMV
e The MB4SE working group

We shall all meet again for the

conference In September next year In
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Outline — Questions? d:esa

1.

’ taste

The Assert Set of Tools for Engineering

4 Visit
https://taste.tools
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Conclusion

1.MBSE is triggering a huge interest for future space programmes
2.ESA has the vision and can ensure consistency and long-term support

3.Industry and community involvement are essential to continue
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