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"ESI

ESI: hosted by TNO™ in partnership with high-tech industry and universities

Mission: To advance industrial innovation and academic excellence in embedded systems engineering

Synopsis

Q ~55 staff members, many with
extensive industrial experience

Q 5 Part-time Professors
O Working at industry locations

Q Program turnover 2017: ~10Mio €
—

*TNO = the Netherlands Organisation for applied scientific research
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Signify (Philips Lighting)

Number one in conventional Iighting, LED and connected lighting
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Product creation process
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Realization domain
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Product creation process
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stand alone connected
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aspect models

Domain models: envisioned central role

(Manual)
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Office Lighting

Design
documents

Domain models

Building roorelan '
Scene definitions '
Control groups '
Network topology '
Deployment '

LR Reguirements '
Constraints '
Design rules '

Expert
knowledge
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Customer

Configuration

Data checker

Automatic
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Domain Specific languages

Building DSL

- Building topology

Model of the Lighting System

- Device locations TEVices
Template DSL |
control
- Cell office |_templates
- Meeting room
- Open plan

Control DSL

- Template to Building
mapping

12

Scenario DSL

- Sensor Patterns

scenarios

|

Experiment DSL

ntrol
tem

- Combined system
configuration

—gdrierate—>

Model of

Occupancy Patterns

4 Co-simulation
configuration

~

Deployed control
simulation
model

]

status sensor
info triggers

||

Interactive control
& visualization

]

¥

4

Generate Simulation

Framework

Generic light control functional

description

Execution
triggers

Functional

checking
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Building DSL Scenario DSL

- Building topology ) - Sensor Patterns
- Device locations !
Control DSL
T
- Template to Building scenvarios
LTS Experiment DSL
Template DSL [
control - Combined system

Cell office —templates control configuration

Building model e
Actuator

5 £%  Corridorl £ Sensor

] "cnunQ °o¢.oG cl;,oO o:.cnQ
Button
Room4 Room5 Room®6 Room7

Q o o o
uﬂ Oo uo °D uﬂ DII uo ﬂo
{8 0% s @)
e e g e
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Building DSL Scenario DSL

- Building topology — - Sensor Patterns
- Device locations devices
l Control DSL
T
- Template to Building “e"va"ic's
(ERPI Experiment DSL
pntrol - Combined system

—tefhplates control configuration
system

Template DSL

- Cell office
- Meeting room
- Open plan

Light behavior model: Open Plan
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Building DSL Scenario DSL
B LEepoloRY o - Sensor Patterns
- Device locations devices
l Control DSL
T
‘ - Template to Building scenvarius
SL

Control model: mapping o
Behavior templates onto Devices

Corridor Linking
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Example

Template LinkedCorridor

Parameters
IntegerParameter LevelOff MinValue © MaxValue 122 DefaultValue 2
IntegerParameter LewvelOn MinValue 2 MaxValue 182 DefaultValue 128
IntegerParameter LevelBackground MinValue @ MaxValue 182 DefaultValue 58
IntegerParameter HoldTime MinValue 2 MaxValue 1588 DefaultValue 1888
IntegerParameter OtherHoldTime MinValue 2 MaxValue 1588 DefaultValue 18

SensorGroups
SensorGroup CorridorGroup Features Occupancy
SensorGroup LinkedGroup Features Occupancy

ActuatorGroups
ActuatorGroup CorridorLuminaires Features Dimmable

ControllerGroups

States
State Off
Level CorridorOffl Value LewvelOff ActuatorGroups Corridorluminaires
State On
Level CorridorOnl Value LevelOn ActuatorGroups Corridorluminaires
State Background

Level CorridorBackgroundl Value LevelBackground ActuatorGroups CorridorLuminaires

Initialstate Off

Transitions

Transition Linked Corridor template

Source Off Background

Trigger Occupancy CorridorGroup Two sensor groups: linked rooms, corridor

Destination On
Transition
Source Off
Trigger Occupancy LinkedGroup
Destination Background
Transition
Source On

Condition TimeSincelastOccupancyDetection CorridorGroup »= HoldTime AND TimeSincelastOccupancyDetection LinkedGroup <= OtherHoldTime

Destination Background
Transition
Source On

Condition TimeSincelastOccupancyDetection CorridorGroup »= HoldTime AND TimeSincelLastOccupancyDetection LinkedGroup »= OtherHoldTime

Destination Off
Transition
Source Background

Condition TimeSincelastOccupancyDetection LinkedGroup := OtherHoldTime

Destination Off
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OpenAlS White Lady Pilot

= Landmark historical building ‘
" |nstalled and commissioned November 2017 ;L_Tf\ — !
= The entire 5" floor, 367 luminaires | | ¥
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What we will demo

Building model

Controllers Interactive Visualization

Lurh‘in'avi're/Grc-Ju'ping e Visualization
spreadsheet ; ‘
People

OpenAlS Input

Co-Simulation Framework

Building

i I Building Monitor

Specify Stimuli Simulators

Virtual Prototype
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Design space exploration

Energy usage

Add energy monitor to virtual prototype

Power [W]

Run scenario with many people working in the building =

':?me (ms] 150k 200k
Monitor energy usage of the scenario by changing Total energy usage: 0.253 [kWh]
configurations

e Vary behavior template model parameters like
* Hold time

Hold time influence on energy usage

* Task level

* Background level

lotal energy usage [kWwWh]

* Vary behavior mapping on devices in control model

£ B
“Persans [-]

CSD&M 2018

17



"ESI

Adoption

Code generation

Via research department

Adaptation of languages

* Practicalities (range, units, etc.), more compact, defaults
* Extra validations

Embedding into business unit
* Extensive preparations to reduce risks
» Step-wise introduction alighed with the product roadmap
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Conclusions

Code generation
Virtual prototyping

Adoption by industrial partner

Generic approach, now extended for IOT domain
* to be presented at ModelsWard 2019
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Thank you!
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