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×What is a sensor? What is time-series data?

×How to semantically represent a sensor?

×How to integrate sensor data with building information?

×How can we use this in different lifecycle stages?

×Hands-on showcase



Part 1
Internet of Things
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Various protocols

Sensor MQTT Broker

Laptop

System

Publish to topic 
“temperature”: “21”



Various protocols
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Compare this to IFC



Different ways to consume the data



Common structure, formats, …? No



Common structure, formats, …? No



Common structure, formats, …? No



Common structure, formats, …? No



This makes sense…

×

×

×

×

… but data integration is more complex



Part 2
Semantics of sensors



Sensor ontologies

×Many authors created ontologies to represent sensors and 
actuators.

×SOSA/SSN

×BOP

×SAREF

×SEAS

×Brick

×And more in https://doi.org/10.3390/buildings12101522

https://doi.org/10.3390/buildings12101522


Common semantic concepts

×Something that can measure values

×A real-world phenomenon, a “thing”

×A measurable characteristic of a feature of interest

×The act of observing the state of a property

×The outcome of the observation

×The unit of measure

×A workflow, protocol or plan specifying how to 
perform an observation

:Sensor

:Property

:FeatureOfInterest

:Observation

:Result

:Unit

:Procedure



Ontology design pattern
:Sensor

:Property

:FeatureOfInterest

:Observation

:Result

:observes:performsObservation

:isPropertyOf:hasFeatureOfInterest

:hasObservedProperty

:hasResult :hasPropertyState:hasComplexProperty
e.g. :hasTemperature

:Unit

:hasUnit

:Procedure
:implementsProcedure

:isUsedFor



Actuators follow a similar pattern
:Actuator

:Property

:FeatureOfInterest

:Actuation

:Result

:actsOn:performsActuation

:isPropertyOf:hasFeatureOfInterest

:hasActuatedProperty

:hasResult :hasPropertyState:hasComplexProperty
e.g. :hasTemperature

:Unit

:hasUnit

:Procedure
:implementsProcedure

:isUsedFor



Sensor ontologies

×SOSA/SSN

×SAREF

×Brick

×BOP

sosa:FeatureOfInterest ssn:Property

sosa:Observation sosa:Sensor sosa:Proceduresosa:Result

saref:Property

saref:Measurement saref:Devicesaref:UnitOfMeasure

^^xsd:decimal saref:FeatureOfInterest

brick:Location

brick:Measurablebrick:Equipment

brick:Point

qudt:Unit ^^xsd:string

brick:TimeSeriesReference brick:Database

bop:Sensor

bop:Propertybop:FeatureOfInterestbop:Observation bop:Result

bop:Unitbop:Databasebop:Procedure



All these ontologies…

×Different perspectives, same structure

×W3C recommendation: SOSA/SSN
× https://www.w3.org/TR/vocab-ssn/

https://www.w3.org/TR/vocab-ssn/


GRAPH DATABASE GRAPH DATABASE

TIME-SERIES DATABASE / API / MQTT-BROKER / ETC…

S01,21,1630575705

S01,21,1630575706

S01,22,1630575709“21” “1630575705” “21” “1630575706”

Integrating time series data 

:Sensor

:Property

:Observation :Observation

:Sensor

:Property

:Datapoint :Database

Method 1 Time series data as RDF
Query data directly using SPARQL
Simpler software stack
Graph explodes
Data conversion

Method 2 Link to an external database
Best for storage
No data conversion
Two query languages



Part 3
Sensors and Linked Building Data



Let’s get active!

×Draw an RDF graph, representing this room and a sensor in 
this room, using LBD ontologies.

×Which queries could you now write?



STATIC PROPERTIES

SENSOR OBSERVATIONS

BUILDING INFORMATION

Linking BOT and Sensor metadata

:Floor4
bot:Level

:Room23
bot:Space

:Table
bot:Element

:TemperatureSensor
bop:Sensor

:Room23_Temperature
bop:Property

bop:hasProperty

bop:hosts

:CTE_Matera
bot:Building

bop:observes

bot:hasLevel

bot:hasSpace

bot:hasElement

:InfluxDB_CTE
bop:Database

:R23T_DataPoint
bop:DataPoint

bop:hasResult

bop:hasExternal
Database

bop:isDataPointOf

:Deg_C
bop:Unit

bop:hasUnit

:Room23_FloorArea
bop:Property

bop:hasSimpleResult

“50”

bop:hasProperty



PREFIX bot: <https://w3id.org/bot#> 
PREFIX bop: <https://w3id.org/bop#> 
SELECT * WHERE {

:CTE_Matera bot:hasLevel ?level .
?level bot:hasSpace ?space .
?space bop:hasProperty ?property .
?property a quantitykind:Temperature .
?property bop:isObservedBy ?sensor .
?property bop:hasResult ?dataPoint .
?dataPoint bop:isPartOfDatabase ?database .

}

How to query?

from(bucket: "?database")
|> range(start: v.timeRangeStart, stop: 

v.timRangeStop)
|> filter(fn: (r) => r["_measurement"] == 

"?dataPoint")
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Never stop drawing graphs…

×What if there’s multiple sensors in the same room?

×What if one sensor measures multiple properties?

×What if two sensors measure the same property?

×What if two sensors measure in different frequencies?

×Does the exact location of the sensor matter? How would you 
query this?



Smartwatch

:Room23
bot:Space

:Smartwatch
ofo:Wearable

:Room23_Temperature
bop:Property

bop:hasProperty

:Feedback
ofo:Feedback

Measures feedback and 
has various health-related 
sensors

:JohnDoe
ofo:Person

ofo:hasLocation

ofo:wears

ofo:monitorsFeedback

ofo:hasEvaluatedProperty



STATIC PROPERTIES

SENSOR OBSERVATIONS

BUILDING INFORMATION

:Floor4
bot:Level

:Room23
bot:Space

:Table
bot:Element

:TemperatureSensor
bop:Sensor

:Room23_Temperature
bop:Property

bop:hasProperty

bop:hosts

:CTE_Matera
bot:Building

bop:observes

bot:hasLevel

bot:hasSpace

bot:hasElement

:InfluxDB_CTE
bop:Database

:R23T_DataPoint
bop:DataPoint

bop:hasResult

bop:hasExternal
Database

bop:isDataPointOf

:Deg_C
bop:Unit

bop:hasUnit

:Room23_FloorArea
bop:Property

bop:hasSimpleResult

“50”

bop:hasProperty

SMARTWATCH

:Smartwatch
ofo:Wearable

:Feedback
ofo:Feedback

:JohnDoe
ofo:Person

ofo:hasLocation

ofo:wears ofo:monitorsFeedback

ofo:hasEvaluatedProperty

:Heartbeat
ofo:Property

:JohnsDatabase
bop:Database

:R23T_DataPoint
bop:DataPoint

ofo:hasProperty

ofo:wears ofo:monitorsFeedback



STATIC PROPERTIES

SENSOR OBSERVATIONS

BUILDING INFORMATION

:Floor4
bot:Level

:Room23
bot:Space

:Table
bot:Element

:TemperatureSensor
bop:Sensor

:Room23_Temperature
bop:Property

bop:hasProperty

bop:hosts

:CTE_Matera
bot:Building

bop:observes

bot:hasLevel

bot:hasSpace

bot:hasElement

:InfluxDB_CTE
bop:Database

:R23T_DataPoint
bop:DataPoint

bop:hasResult

bop:hasExternal
Database

bop:isDataPointOf

:Deg_C
bop:Unit

bop:hasUnit

:Room23_FloorArea
bop:Property

bop:hasSimpleResult

“50”

bop:hasProperty

SMARTWATCH

:Smartwatch
ofo:Wearable

:Feedback
ofo:Feedback

:JohnDoe
ofo:Person

ofo:hasLocation

ofo:wears ofo:monitorsFeedback

ofo:hasEvaluatedProperty

:Heartbeat
ofo:Property

:JohnsDatabase
bop:Database

:R23T_DataPoint
bop:DataPoint

ofo:hasProperty

ofo:wears ofo:monitorsFeedback

:Range
ssn-system:SystemProperty

“-10” “60”

ssn-system:hasSystemProperty



PREFIX bot: <https://w3id.org/bot#> 
PREFIX bop: <https://w3id.org/bop#> 
SELECT * WHERE {

:CTE_Matera bot:hasLevel ?level .
?level bot:hasSpace ?space .
?space bop:hasProperty ?property .
?property a quantitykind:Temperature .
?property bop:isObservedBy ?sensor .
?sensor ssn-system:hasSystemProperty ?range .
?range :hasValue ?minRange,?maxRange .
?property bop:hasResult ?dataPoint .
?dataPoint bop:isPartOfDatabase ?database .

}

from(bucket: "?database")
|> range(start: v.timeRangeStart, stop: 

v.timRangeStop)
|> filter(fn: (r) => r["_measurement"] == 

"?dataPoint")
|> filter(fn: (r) => r._value > ?minRange)
|> filter(fn: (r) => r._value < ?maxRange)
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Data cleaning using explicit range

PREFIX OFH: 
<http://github.com/AlexDonkers/OpenFamilyHome#> 
PREFIX bop: <https://w3id.org/bop#> 
PREFIX ssn-system: 
<http://www.w3.org/ns/ssn/systems/> 
SELECT * WHERE { 
OFH:Kitchen bop:hasProperty ?property . 
?property a quantitykind:Temperature . 
?property bop:isObservedBy ?sensor . 
?sensor ssn-system:hasSystemProperty ?range , 
?frequency . 
?sensor bop:hasNullValueRepresentation
?nullValueRepresentation . 
?range bop:hasSimpleMinimum | 
bop:hasSimpleMaximum ?rangeValue . 
?frequency a ssn-system:Frequency . 
?frequency bop:hasSimpleResult ?frequencyValue . 
} 

SPARQL



Add non-sensor
data
Allows you to link other 
data (e.g. DBpedia) with 
your sensor data, even if 
there’s no direct 
relationship in the RDF 
graph.

DBpedia
Building 

information 
model

Sensor data

14:02:00 183.1
14:03:00 188.3
14:06:00 186.1
14:07:00 197.2

SPARQL example

SELECT ?dataPoint ?database 
?minRange ?maxRange
WHERE {
?property :isObservedBy ?sensor .
?sensor :hasRange ?minRange , 
?maxRange .
?property :hasResult ?dataPoint .
?dataPoint :isDataPointOf ?database 
. }

Flux example

from(bucket:”?database
”)
|> range(start: 0)
|> filter (fn: (r) => 
r._measurement == 
“?dataPoint”)
|> filter(fn: (r) => 
r._value > ?minRange)
|> filter(fn: (r) => 
r._value < ?maxRange)

1. Convert metadata to RDF 2. Store in InfluxDB

3. Query relevant metadata using SPARQL

4. Insert results in Flux query 
(using Python)

5. Query data using Flux

6. Use cleaned time-series data in …



Data cleaning using explicit range

PREFIX OFH: 
<http://github.com/AlexDonkers/OpenFamilyHome
#> 
PREFIX bot: <https://w3id.org/bot#> 
PREFIX ssn-system: 
<http://www.w3.org/ns/ssn/systems/> 
PREFIX bop: <https://w3id.org/bop#> 
PREFIX quantitykind: 
<http://qudt.org/vocab/quantitykind/> 
PREFIX dbo: <https://dbpedia.org/ontology/> 
PREFIX dbr: <https://dbpedia.org/resource/> 
INSERT { 
?sensor ssn-system:hasSystemProperty
OFH:CustomRange . 
OFH:CustomRange rdf:type ssn-system:Range, 
bop:Property , ssn-system:CustomRange. 
OFH:CustomRange bop:hasSimpleMinimum "10" . 
OFH:CustomRange bop:hasSimpleMaximum "30" . 
} WHERE { 
?property bop:isObservedBy ?sensor . 
?property a quantitykind:Temperature . 
?sensor bop:isHostedBy ?host . 
?zone bot:containsElement ?host . 
?building bot:hasSpace ?zone . 
?building a dbr:House . 
?site bot:hasBuilding ?building . 
?site dbo:location dbr:Netherlands . 
} 

from(bucket: "?database") 
|> range(start: v.timeRangeStart, stop: 
v.timeRangeStop) 
|> filter(fn: (r) => r["_measurement"] == 
"?dataPoint") 
|> filter(fn: (r) => r._value > ?minRange) 
|> filter(fn: (r) => r._value < ?maxRange) 

SPARQL

Flux



Part 4
Use-cases







https://drive.google.com/file/d/1_lDxKfl3uQRSE0v4SI2-fAAaztijyB5e/view?usp=sharing
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5

1 2
3

:Kitchen

:KitchenIlluminance

:Building

:IlluminanceSensor1

:IlluminanceResolution

:IlluminanceFrequency

“(-14.49 -1.00 0.77)”

“0.1”

“60”

:IlluminanceResult

unit:PER-HR

bot:hasSpace

bop:hasProperty

bop:isObservedBy

ssn-system:hasSystemProperty

bop:hasXYZ

bop:hasResult

bop:hasSimpleResult

bop:hasValuebop:hasUnit

ssn-system:hasSystemProperty

“Null”bop:hasNullValueRepresentation

:Site

bot:hasBuilding

dbr:Netherlands
dbo:location

dbr:House

rdf:type

dbr:Kitchen

rdf:type

:KitchenIlluminanceDataPoint
bop:hasResult

bop:hasResult

Data cleaning using semantics



Data cleaning using semantics
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Data cleaning using semantics
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Part 5
Hands-on showcase



sparql.setQuery("""PREFIX props: <https://w3id.org/props#>

PREFIX quantitykind: <http://qudt.org/vocab/quantitykind/>

PREFIX bot: <https://w3id.org/bot#>

PREFIX bop: <https://w3id.org/bop#>

PREFIX beo: <http://pi.pauwel.be/voc/buildingelement#>

PREFIX : <https://research.tue.nl/nl/persons/alex-ja-donkers#>

SELECT ?room ?wall ?interface ?interfaceWidthValue

WHERE {

?room bop:hasSimplePropertyState "Bedroom" ;

bot:adjacentElement ?wall .

?wall a beo:Wall .

?interface bot:interfaceOf ?room, ?wall ;

bop:hasProperty ?width .

?width a quantitykind:Width ;

bop:hasPropertyState / bop:hasValue ?interfaceWidthValue

} """)

GEOMETRY
GraphDB



graph_url = "http://localhost:7200/repositories/OpenSmartHomeRepos
itory"

sparql = SPARQLWrapper(graph_url)

sparql.setQuery("""PREFIX props: <https://w3id.org/props#>

PREFIX quantitykind: <http://qudt.org/vocab/quantitykind/>

PREFIX bot: <https://w3id.org/bot#>

PREFIX bop: <https://w3id.org/bop#>

PREFIX : <https://research.tue.nl/nl/persons/alex-ja-donkers#>

SELECT ?property ?datapoint ?database

WHERE {

?room bop:hasSimplePropertyState "Bedroom" ;

bot:containsElement ?sensor .

?sensor bop:observes ?property .

?property a quantitykind:Temperature ;

bop:hasPropertyState ?datapoint .

?datapoint bop:isDataPointOf ?database .

} """)

TEMPERATURE
GraphDB



client = InfluxDBClient(host='localhost', port=8086)

client.switch_database(database)

resultset = client.query(

'SELECT ‘ + property + ’ FROM ’ + datapoint + ‘ WHERE time <= ‘ +
str(maxTime) + ‘ AND time > ‘ + str(minTime) + ‘ ORDER BY time 
DESC LIMIT 1’)

value = list((resultset.get_points(measurement=datapoint)))

temperature = value[0]['value']
TEMPERATURE
InfluxDB



I hope you now understand

×What a sensor is and why time series data is different from 
other data

×How we can semantically represent a sensor 

×How we can integrate sensor data and building information

×How we can query this data

×How we can use this integrated data
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