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Larger, industrial installations

» This is already being done

» Relatively high margin per unit

»  Custom control technology developed for every
unit

) Process is well known and very predictable

) Already profitable
) Standardization may improve efficiency

Flex achter de meter

m innovation
for life ws —

Smaller, residential/office devices

) Currently in development

» Many makes and models of devices providing
energy flexibility

) Many units, but very low margin per unit

Energy flexibility is made available by ‘best
effort’; no guarantees

~

) If we want to scale up, we need to minimize
installation and operational costs



@ rdfs:Resource
1 owl:versionInfo

10 rdfsicomment : Literal

10 rdfsiisDefinedBy : rdfs:Resource
10 rdfs:label : Literal

10 rdfsiseeAlso : rdfs:Resource

SAREF ontology

 saref:FunctionCategory [
[ |

' owl:Thing
[ ]
V4 v

_ saref:Property
[ sarefiisMeasuredln : saref:UnitOfMeasure

i sarefthasValue: [1..] refthasCategory
" saref:Time E asSensingRange some saref:Property " saref:Function
f: istsOf : time: T |Entity | ategory : saref:F ionCategory
aref:isMeasuredln : time:TemporalUnit [ saref:hasCommand : saref:Command (min 1 saref:Command)

\ /

) ingFuncti
gFunction

[ saref:actsUpa

§ e 7 ime : saref:Time (min 1 saref:Time)
» S erature”, "Occupancy” , "Humidity", "

on", "Smoke" , "Pressure”, "Other"}

5 terce o



6

 Active ontology x | Entities x |

<€ saref (https://w3id.org/saref) : [http://ontology.tno.nl/saref.tt]
File Edit View Reasoner Tools Refactor Window Help

@ saref (ht;ps:/r./w3ird.p(g/'sarefr)
)Device )Energy related )Load )Washing machine

Classes | Object pre

Class hierarchy: Washing machine
%[5 ][&
v-- @ owl:Thing

- & Command

- ) Commodity

- @ Day of week

Device

) Building related
Energy related
@ Generator
@ Load
e
- Storage
@ Function related

@) Measurement

@ Property

@ service

@ state

@ Task

@ Temporal duration

& Temporal entity

- @ Temporal position (time:TemporalPosition)
@ Temporal Reference System

@ Time Zone

p-- @0 Unit of measure

>
"
>
"
>

': 'Search_._

= @ Washing machine — https://w3id org/saref#\WashingMachine

e11|=/0iz) | Annotations

I EuN Annotations: Washing machine e =iofe

Annotations @
rdfs:label [type: xsd:string] @@ ¥

Mlmmlnimm mamabiee

Description: Washing machine Bl = ]0E

Equivalent To @

SubClass of §

@ *has function’ some 'Start stop function’
@ *has profile' some Profile

@ 'has state’ some "Start stop state'

@ accomplishes value Washing

@ Appliance

@ Load

@lelalslela)

000009
000000
_000000

General class axioms @

SubClass Of (Anonymous Ancestor)
@ 'has state’ only State
@ 'is used for' only Commodity
@ 'has model' max 1 rdfs:Literal
@ accomplishes min 1 Task
@ 'measures property' only Property
@ *has function’ min 1 Function

500000
200000
500000
DOOOOO

http://ontology.tno.nl/saref.ttl


http://www.google.com/url?q=http://ontology.tno.nl/saref.ttl&sa=D&sntz=1&usg=AFQjCNGxlfVqyKxBl-Sm6cAWD5f_hjr27Q

Knowledge engine

28pajmou)|

Pub-Sub matchmaking on graph patterns

using the SAREF ontology

R Knowledge
Engine

Knowledge

<«—>»SPARQL+

1 nl:erCf‘ <--»Knowledge Directory query/update




Challenge: Machine Learning over Smart home KGs

Explainability:
using Jupyter Notebooks as RESTful service

(https://github.com/rsiebes/interconnect-explainability)

Heterogeneous data:
serialize SAREF types to encode the data to features
(e.g. ‘One-hot’ encoding, time-stamps to year, month,

day, hour features etc)

Graph Learning:
Applying Graph Neural Networks for value prediction,

classification, error detection

interce

ames = feature_list, rounded = True, precision = 1)

Get numerical feature importances
importances = list(rf.featureimporta }# List of tuples with variable and importance feature_importances = [(feature, round(importance, 2)) for feature, importance in
zip(feature_list, importances)}#
True)# Print out the feature and importances [p

re importances by most important fir ortances = sorted(feature_importances, key = lambda x: x[1], reverse =

rint("Variable: {:20} Importance: {}'forma for pair in feature_importances]
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https://github.com/rsiebes/interconnect-explainability

Challenge: Machine Learning over Smart home KGs

Explainability:

using Jupyter Notebooks as RESTful service

(https://github.com/rsiebes/interconnect-explainability)

rdfs:label : Literal
rdfsiseeAlso : rdfs:Resource

Heterogeneous data: 7

owl:Thing

serialize SAREF types to encode the data to features

saref:Property [ saref:FunctionCategory |

(e.g. ‘One-hot’ encoding, time-stamps to year, month,

saref:Function
sarefihasCategory : saref:FunctionCategory
saref:hasCommand : saref:Command (min 1 saref:Command)

il

e
Time:sarefTime (minlsarefTime) || msarf
smerature” , "Occupancy” , "Humidity”, "Motion” , "Smoke" , "Pressure” , "Other"}

day, hour features etc)

Graph Learning:
Applying Graph Neural Networks for value prediction,

classification, error detection

interce


https://github.com/rsiebes/interconnect-explainability

Challenge: Machine Learning over Smart home KGs

Explainability:

using Jupyter Notebooks as RESTful service

(https: ithub.com/rsiebes/interconnect-explainability)

Heterogeneous data:
serialize SAREF types to encode the data to features
(e.g. 'One-hot’ encoding, time-stamps to year, month,

day, hour features etc)

Graph Learning:

Applying Graph Neural Networks for value prediction,

classification, error detection

interce


https://github.com/rsiebes/interconnect-explainability

Challenge: Conversion to SAREF

Datasets 1n RDF were not available

Created new KGs with YARRRML mappings

The KGs were validated to contain all the
information available i1n the original dataset

Timestamp State 46 - [strl, $(MT_240), s]
47 - [str2, $(MT_240), o]
2020-12-11T12:50:59.076Z On { b
8 - -
2020-12-11T13:05:23.546Z off RO 49 "“t“l
-12- 3:05:23.5. 2 I R
‘t,YIf 50 interconnect :measurement_ELD11-14_MT240_$(timestamp) o / \ |
2020-12-11T13:20:45.789Z off { 21 ’ — 1 — s Device! | —— Measurement0
"Temperature" 2 - [a, sa ent
{ 53 < [saref hasVa 1 s(m 240), d double] / \ ‘ \ / \\
hva l "20. 8 e 54 - [saref:isMeas dI m:degrees_Celsius}iri] -
t D g S Ce 55 _ f:hasTim t tim t d dateTim “20201211TI28080.0762"  +** “20.8” ‘Degrees Celsius”
tlme tamp" 20201211122212 5” _ [s“"e o p :gf p) el
} } 57
} 58 featureOfInterest 2 amzzzI2O0Z
59
60 equal

interce

van der Weerdt R., de Boer V., Daniele L., Nouwt B. (2021) Validating SAREF in a Smart Home Environment. In:
Garoufallou E., Ovalle-Perandones MA. (eds) Metadata and Semantic Research. MTSR 2020. Communications in
Computer and Information Science, vol 1355. Springer, Cham. https://doi.org/10.1007/978-3-030-71903-6_4
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Creating the Embeddings

Knowledge Graph Embedded Representation Machine Learning Task

interce source: https://en.wikipedia.org/wiki/Knowledge_graph_embedding




Experiments: Creating the Embeddings

SAREF:Function
$
SAREF:Device
$
SAREF:Task

SAREF:FeatureOfinterest
SAREF:Property
/ SAREF:UnitOfMeasurement \
SAREF:Measurement1 SAREF:Measurement2 SAREF:Measurement3 SAREF:Measurement300

I A [ A I A I
v v v v

interce




Experiments: Creating the Embeddings

SAREF:Function

SAREF:Device

SAREF:Task

SAREF:FeatureOfinterest
E&:’\REF:Property

SAREF:UnitOfMeasurement \

SAREF:Measurement1 SAREF:Measurement2 SAREF:Measurement3 SAREF:Measurement300

interce




Experiments: Creating the Embeddings

SAREF:Function

SAREF:Device

SAREF:Task

SAREF:FeatureOfinterest

SAREF:Property

SAREF:UnitOfMeasurement

/] AN

SAREF:Measurement1 SAREF:Measurement2 SAREF:Measurement3 SAREF:Measurement300

interce




Experiments: Creating the

SAREF:Function

t

SAREF:Device

!

SAREF:Task

SAREF:FeatureOfinterest

SAREF:Property

SAREF:Measurement1i| @ |SAREF:Measurement2

| |

v \4

0.5

interce

//7;7EF:Unit0fMeasur§<§lit \

SAREF:Measurement3

-mbeddings

SAREF:Measurement300

|

\ 4




Experiments: Creating the

100%
75%
50%

25%

-mbeddings

Rounded
Measurement

4«  value URIs

0%
Feature Random Embeddings
Extraction Values

interce

Original KG



Experiments: Creating the Embeddings

100%

75%

50%

25%

0%

interce

Rounded
Measurement
4«—  value URIs

+—— Combined

< Original KG

Feature
Extraction

Random
Values

Embeddings



Challenge: Smart home scenario
handling using OWL and SWRL

P1T
|

THERMOMETER L1U

T™T

T1B Utility Room

DOOR/WINDOW |

Terrace Bedroom

LIGHT SWITCH

BUTTON

PRESENCE

LoCK smarthouse:VisitorAtTheDoor(Entrance)

A smarthouse:Tenant(?tenant)

A smarthouse:isLocatedIn(?tenant, ?room)

A saref:LightSwitch(?light)

TIL A smarthouse:isLocatedIn(?light, ?room)

-> smarthouse:TemporaryRedLightColourState(?light)

Living room

L1K
Kitchen

interce



Semantic Smart Home System :
Performance

600

400

At present, real time performance can

be achieved on mid-resource machines.
200

Avg Processing Time (in ms)

0 250 500 750 1000

Number of Devices

interce



Seven large scale pilots l[eading to market
driven deployments will be installed

Greece

Large residential community with smart appliances and EV integration
France

Residential & non-residential, with tertiary buildings and apartments
Poxtugal

Residential & geographically widespread tertiary buildings
Netherlands

Residential & non-residential buildings

Germany O
Groups of residential buildings and hotels

Belgium

Residential and tertiary buildings in communities of multi-energy vectors 0

Italy g
Residential social housing v

\‘.

)
r

interce



Dutch Pilot - Next

99 apartments located in Eindhoven (Strijp-S)

Outfitted with smart devices (e.g. washing
machines, door sensors,charging stations,
climate systems etc)

|C|tyé%§" " Hyrde recognlze

MART CONNEC L

‘/‘y’\.‘_\\ |Vo|kerWesseIs V VRIJE
Talelecom waag VUL S
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Dutch Pilot - Videolab

Large office space

10 different types of smart devices igjﬁ,¢u
With most devices having multiple measurements

total of 1500 smart devices

Currently mapping two months worth of
measurements

interce




interoperable solutions

1nterconnect SR
Thank you!
Questions?
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UNIVERSITEIT
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