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MODERN EMBEDDED SYSTEMS = CYBER-PHYSICAL SYSTEMS SOFTEAM Cadextan

Interacting computing, physical, Collaborative development
human elements Diverse disciplines cultures,
Increasingly complex logic ~80% abstractions, formalisms typically
of control software tackled separately

Error detection and recovery Need for design space exploration
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CYBER-PHYSICAL GAPS = CO-MODELLING
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Co-model

Physics:
* Continuous
* Numerica

DE Model

Co-model Interface
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INTO CPS APPROACH - LARGE SCALE CO-SIMULATIONS OVER FMI

SOFTEAM Cadextan

Functional Mock-up Interface

| define interfaces and
packaging of simulators

We propose SysML as a
language to define
orchestrations of co-
simulations on the system
level

FMI and co-simulation
configuration are generated

Co-simulation orchestration
engine executes test
scenarios.

[ requirements ]

automated co-model analysis
design space exploration
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FMI AND CO-SIMULATION CONFIGURATION GENERATION SOFTEAM Cadextan

instance : (&
1.Direct link with requirements models
U ctrl: Controller @! o [] tank1 : CascadeWatertank1 [ Z.OverVieW Of all SUb SyStemS
System uppervalveActuator valveState ) oy [ﬂw 3. Actionable SyStemS models
S}rstem.upperLeveISensnr.upperleuel[ﬂ level waterOut & 4.TeSting on the System level
[] tank2: CascadeWatertank2 [
Slfstem.Iower‘JaIveActuator.valveState[E VEWGCUHUUL. " = IS0-8859-1' %
P '310n="2.0" modeLlame="CascadeWatertankl" quid="{4da879a6-0651-4db4-bble-T2fa6l6h33ad}" generationToal="20-gin"
System lowerLevelSensor lowerlevel level p.phi ' copyright="Controllab Prodncts B.V." license="-"»
£ e (fier="CascadeWatertankl" needsExecutionTool="false" canHandleVariableCommunication3tepSize="true" canInterpolatelnputs=
[veQrder="0" canRunAsynchronuously="false" canBeInstantiatedOnlyOncePerProcess="troe" canlotUseMemoryManagementFunctions=
uuuuuuuuuuuuuuuuuuuuuuuu ate="false" canderializeMMIstate="false" providesDirectionallerivative="false" />
{DefaultExperinent startTime="0.0" stopTime="12.0" atepSize="0.01" /»
- <ModelVariables>
generation E ¢ScalarVariable name="FlowSource.p.p" valueReference="9" variability="continnous" causality="local"y
Real />
¢/ScalarVariabley
+  <3calarVariable name="FlowSource.p.phi" valueReference="7" variability="contimous" cauzality="local">
¢ScalarVariable name="FlowSource.phi" valueReference="0" description="flow rate" variability="tunable" cauzality="parameter">
¢ScalarVariable name="FlowSource.inflow" valugReference="8" variability="continnons" causality="local">
¢ScalarVariable name="tankl.Tank.p.e" valueReference="9" variability="contimmous" cauzality="local">
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UTRC: GREEN HEATING VENTILATION AND AIR CONDITIONING SYSTEMS SOFTEAM Cadextan

I United Technologies Buildings are responsible for 40% of energy consumption and 36% of EU CO2
%f Research Center emissions

1.Models of large-scale, open, diverse data integration
2.... coupled with models of physics
3.Need to model learning behaviour

4.Possible integration of models of human behaviour %
| T ;

. PresnIE : . FCU ; Discharge Air
Experiment -step towards = =
“green” buildings T
*Optimise

| User comfort
| Energy consumption

Room
Thermostat

User Comfort Energy Consumption
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Wall Model: models the head dissipation
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EXPERIMENT RESULTS AND CONCLUSIONS
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1.More accurate way to calculate building
performance i.e. comfort and energy
consumption.

Energy consumption for fan movement

controller
Water flow through the coil

2.Step forward in accurate design of green
buildings

Energy consumption for the CPU of the FCU micro-
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INTO-CPS: ONE MORE THING SOFTEAM Cadextan
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INTO-CPS

Automotive

Building
‘Automation
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