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Example Lighting System Behavior

1. There is no one in the room
2. One of the sensors in the room detects presence
3. Aslong as presence is detected

4. When presence is no longer detected for T seconds

Lights off
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Topology of a simple building

Office 1 Office 2
s3001 s3002 s3003
Presence ® ~ .
00
Sensor @ %':.@35’ %Q%
Eri;:? srr::::cc: al001 al002 21003
s3004 s3005 s3006
® @800 @®
o 0 o
al004 al005 21006
Corridor

4 04-06-2019 SASG

"ESI

Actuator



L ot

Intended lighting system behavior
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Observed lighting system behavior
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Topology of a multi-floor building

> > - -
> > B >
> > - -
IS > 2 . - > v
$—yes J
| - o>
> o = = -
- b g o >
> > > 'S » » - - 4
- > > -
- — Y
' V]le = Je >
o > > 1

,,,,,,,,,,,, Hard to verify & validate behavior:

* Unclear and incomplete behavior specification

 Humanly impossible to reason about correctness

- ! * Difficult to observe exposed behavior
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loT DSL

Scope
e Distributed control applications
 1000’s of components

* Few component/behaviour types
Out of scope

* Network technology details

e Systems with many unique components/behaviours
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What is it used for
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loT DSL: Modular system specification

Customizable HTML System

domain environment
System topology
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System DSLs
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Example: Event DSL

Events SimpleBuilding
Types
// Occupancy event (0 = Vacant, 1 = Occupied)
EventType Occupancy (Integer isOccupied range [ 0, 1 ])

// Light level signal (0-100%)
EventType LightLevel (Integer level range [ 9, 100 ])
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Example: Structure DSL

Structures SimpleBuilding

Types
StructureType Building contains Floor
StructureType Floor contains Room
StructureType Room
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Example: Topology DSL
Topology SimpleBuilding.Building SimpleBuilding
{
Perimeter ( (9, ©) - (600,0) - (600,400) - (0,400) ) s3001
Sensors 21001
Actuators
Structures
Topology SimpleBuilding.Floor Floorl {
Perimeter ( (90,0) - (600,0) - (600,400) - (0,400) )
Sensors
Actuators
Structures
Topology SimpleBuilding.Room Officel {
Perimeter ( (90,0) - (400,0) - (400,200) - (0,200) )
Sensors
Sensor s3001 Type SimpleBuilding.OccupancyDetected Coordinates (70,70)
Sensor s3002 Type SimpleBuilding.OccupancyDetected Coordinates (2760,70)
Actuators
Actuator al001 Type SimpleBuilding.SetOutputLevel Coordinates (100,100)
Actuator al002 Type SimpleBuilding.SetOutputLevel Coordinates (300,100)
Structures
}
Topology SimpleBuilding.Room Office2 {
Perimeter ( (400,0) - (600,0) - (600,200) - (400,200) )
Sensors
Sensor s3003 Type SimpleBuilding.OccupancyDetected Coordinates (470,70)
Actuators
14 04-06-2013 SASG Actuator al1003 Type SimpleBuilding.SetOutputLevel Coordinates (500,100)
Structures
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Example: Behavior DSL

Transitions
Transition // 0ff20n
Source Off
Trigger Input OfficeSensors SimpleBuilding.OccupancyDetected( isOccupied )
Condition isOccupied = 1
Destination On
Updates [ Office )
Resets
Events
Output OfficeLuminaires SimpleBuilding.SetOutputLevel( LevelOn )

Trigger OfficeSensors OccupancyDetected( isOccupied )
[isOccupied == 1]
Output OfficeLuminaires SetOutputLevel( LevelOn )
Transition // On2Hold
Source On
Trigger Input OfficeSensors SimpleBuilding.OccupancyDetected( isOccupied )
Condition isOccupied = 0
Destination Hold
Updates
Resets OfficeSensorsOccupancyTimer
Events

Timer OfficeSensorsOccupancyTimer = HoldTime
Output OfficeLuminaires SetOutputLevel( LevelOff )

Trigger OfficeSensors OccupancyDetected( isOccupied )
[isOccupied == 0]
Reset OficeSensorsOccupancyTimer := 0

Trigger OfficeSensors OccupancyDetected( isOccupied )
[isOccupied == 1]

Transition // Hold20n
Source Hold
Trigger Input OfficeSensors SimpleBuilding.OccupancyDetected( isOccupied )
Condition isOccupied = 1
Destination On
Updates
Resets
Events

Transition // Hold20ff

15 04-06-2019 SASG



"ESI

! cupancy Defattfed Oocupancy Defected E cupancy Defected Occb)lfncyDerecred Cecupancy Detafted Oecupancy Defected

ctrlOffice1 (Office) ctrlOffice2 (Office) cttlCorndor FQHce)

Out In Out In Ot In
OfficeLununaire s Officelensors Officelwminaires Officelensors OfficeLuminaires Officelensors

SefCiputlevel SefChtputlevel Fef@uipuﬂ.evei SefCyfbutleve] [SetCutmitlevel  SefCufputlevel

Example: Control DSL

ControlSystem SimpleBuilding
Topology SimpleBuilding

Controllers

Controller ctrlOfficel
Behavior Office
Parameters

Controller ctrlOffice2
Behavior Office
Parameters

Controller ctrlCorridor

Behavior Office SimpleBuilding

Parameters

Network

Edge SimpleBuilding.OccupancyDetected: SimpleBuilding.Floorl.0fficel.s3001 -> ctrlOfficel Office.OfficeSensors
Edge SimpleBuilding.OccupancyDetected: SimpleBuilding.Floorl.0fficel.s3002 -> ctrlOfficel Office.OfficeSensors
Edge SimpleBuilding.SetOutputLevel: ctrlOfficel Office.OfficeLuminaires -> SimpleBuilding.Floorl.Officel.al001
Edge SimpleBuilding.SetOutputLevel: ctrlOfficel Office.OfficeLuminaires -> SimpleBuilding.Floorl.Officel.al002
Edge SimpleBuilding.OccupancyDetected: SimpleBuilding.Floorl.0ffice2.s3003 -> ctrlOffice2 Office.OfficeSensors
Edge SimpleBuilding.SetOutputLevel: ctrlOffice2 Office.OfficeLuminaires -> SimpleBuilding.Floorl.Office2.al1003
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Example: Scenario DSL

Scenario SimpleBuilding
Topology SimpleBuilding
Sensor SimpleBuilding.Floorl.Officel.s3001
Time 10 seconds SimpleBuilding.OccupancyDetected( 1 )
Time 1000 seconds SimpleBuilding.OccupancyDetected( 0 )
Sensor SimpleBuilding.Floorl.Corridor.s3004
Time 600 seconds SimpleBuilding.OccupancyDetected( 1 )
Time 800 seconds SimpleBuilding.OccupancyDetected( 9 )
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Example: Experiment DSL

Experiment SimpleBuilding
System SimpleBuilding
Scenario SimpleBuilding
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OpenAlS Smart Lighting Case

Witte Dame building
* Landmark historical building
* Former lighting factory

‘SRR Y;
L

Smart lighting system
« Complete 5t floor
e 367 light points
* More than 1,300 devices
e 12 behavior types ‘H‘

i
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OpenAlS lighting system specification
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Errors revealed using static and dynamic validation
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Anomaly detection
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Diagnostics: Rule 1
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Diagnostics: Rule 2
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Diagnostics: Rule 3

commissioned? d error

30 04-06-2019 SASG



W Esl

Outline

Challenge
Digital twin method

Use-case

Conclusions

31 04-06-2019 SASG



W Es

Conclusions

Method applicable to a broad range of distributed loT systems
* Many components

* Few behaviors
loT DSL model used as the core of the virtual system
Aspects to transform virtual prototype into digital twin

Method succesfully applied to a real-life use-case
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