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Motivation —Use case

» Goal: Examining building operation performance and
efficiency using building automation data

- Use case: Campus of Masaryk University (40 smart
buildings, 1700 devices, 150 ooo data points)
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Source: muni.cz
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Motivation — BAS Capabilities
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Motivation — Analytical capabilities

BAS CAFM

Sensor data

High detail

Recent data

Simple
applications

How much does the
electricity consumption
differ across the
campus?

Financial data

How much energy is
Low detail consumed by air
conditioning?

Delayed data

What are the average

Complex
room temperatures?

applications
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Aims —Query example

N )

1. Semantic query 3. Recorded data query

Location: Campus Bohunice; Building A11 Data points: Semantic result data

Grouping: Per floor Aggregate: temporal AVG

Measured property: Air temperature Period: 2017/06/01 — 2017/07/01

Source device: Temperature sensor Aggregation Window: 1 day

Data type: History \ /

\Query output: BMS ID / ‘
et - 2

4 N\ 4. Data result
2. Semantic result No1: { {2017-06-01, 23.8}, {2017-06-02, 24.8},
No1: {11400.TL5, 11500.TL5, 11600.TL1} {2017-06-03, 25.1}, {2017-06-04, 24.7}, ...
No2: {12100.TL5, 12300.TL3, 12400.TL5} No2:{...}
No3: {12500.TL1, 12600.TL1, 212800.TL1} No3: {...}
\_ AN J

ally
lasaris



8.9.2017 Bedrichov 2017

Aims —Query examples

Room temperatures Room temperatures
26 26
25 25
24 24
23 23
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20 I 20
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2016-09-01 2016-09-02 2016-09-03 2016-09-04 01.09.2016 02.09.2016 03.09.2016 04.09.2016
B No1i ENo2 ENOo3 —e—No1 —=No02 —o—N<‘.
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Problem — Complexity of applications

User interface User interface
Visualization I Visualization
all
Analysis Analysis
~
Processing -rrrr
Retrieval @
l’ Semantic BMS
Selection Q
Semantics .
| -
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Problem — Missing semantics

- Traditional BMS:

- |dentification by a network

Device ID

Source device

address (BIM)
¢ S e m a ntic B M S : devicSeC/(I)cE)ceation Location
(BIM)

» Links to the physical
environment

- Relates BAS and BIM
(Building Information
Model)

Time window

/\

Sensing method

Aggregation

al )
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Proposal —Semantic BMS Ontology

» Based on Semantic Sensor Network ontology
- Observations & Measurements translated to OWL

» Adjustments/Extensions to SSN to meet domain
specific requirements:
- Representation of facility elements (BIM data)
- BAS Data points
- Physical quantities (UCUM: http://unitsofmeasure.org/trac/)
- Sensing methods
- Device types (adapted from IFC 4)

ally
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Proposal — Semantic BMS Ontology

=class>
sbms:Sensing

sbms:sensingMethodUsed

ZClasss
sbms:DataPoint

]

sbms.expressedByDataPoint

=class=>
sbms:SensingDevice

\sbms:obsewes

A

sbms:obsevedBy

i

<class:>

sbms:Property

<Class=
sbms:Observation

sbms:observedPropert

Tbox Statistics
Classes: 529
Individuals: 21
Properties: 53
Asserted axioms: 1296

\ shms:hasProperty

sbms featureOflnterest

T~

<Cclass:=
sbms:FeatureOfinterest

ally
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Proposal — Middleware layer

Source systems

BMS on-line data

“Foreign keys” in Ontology
repository

Middleware layer

Data providers

| <

Data Access API

Data providers

Semantics providers

Semantic API

Ontology
repository

e

L) | =

Analytical
Applications

Il

CAFM

Front end applications Users
] [ O
> ° @
= BMS operator

Monitoring & Fault
Detection Applications

= i

Facility manager

= i

Maintenace staff



Bedfichov 2017

Proposal — Middleware layer

Source systems Middleware layer Front end applications Users

Data providers

| ¢ I = i

o

BMS on-line data

Data Access API BMS operator
Monitoring & Fault
Detection Applications

o]

Data providers

Semantics providers ] [ O

(o]

Facility manager

Analytical

b=

Semantic model: Semantic AP & Applcations
RDF, OWL, triple @

store, i

Queried by SPARQL |

= i

Maintenace staff

Il

. . CAFM
“Foreign keys” in Ontology

repository

Ontology
repository
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Proposal — Middleware layer

Source systems Middleware layer Front end applications Users

Data providers

o

BMS on-line data <] > @

Data Access API BMS operator

Monitoring & Fault
Detection Applications

——————————————————

= =R Semantic API:
Data providers .
Semantics providers Enca pSUlateS Semantlc
/Q? model — convenience

, functions & operators
Semantic API &

h@ =

7777777

“Foreign keys” in Ontology Ontology Maintenace staff
repository repository




Proposal —Query using SPARQL

* Location: Site o2 - Building 03
- Grouping: Per floor
- Measured property: Air temperature

 Source device: Temperature sensor
- Value type: History
« Query output: BMS ID

SELECT 7?7trendbmsId ?group
WHERE
{ ?datapoint sbms:hasBMSId 7?bmsId ;

sbms:expressesObservation 7?obs .

?0bs sbms:observedBy ?source ;
sbms:featureofInterest 7?scope .
?scope sbim:isPartof ?scopeLocR .

?scopeLocR sbim:hasBIMId "s02B03" .

?0bs sbms:observedProperty ?property .
?property sbms:hasPhysicalQuality ucum:temperature ;
sbms:hasPropertybomain sbms:Air .

?scope sbim:isPartof ?groupR .
?groupR  sbim:hasBIMid ?group ;
a sbim:Floor .
?source a sbim:TemperatureSensor .
?trend sbms:trends ?datapoint ;
sbms:hasBMSId ?trendbmsId

{
"head": {
"vars": [ "trendbmsId" , "group" ]
s,
"results": {
"bindings": [
{

"trendbmsId": {

"type": "Titeral" ,

"value": "bactrend://02030101.TL1" } ,
"group": {

"type": "Titeral" ,

"value": "s02BO3FO01" }

~n

"trendbmsId": {
"type": "Titeral" ,
"value": "historian://TL857" } ,
"group": {
"type": "Titeral" ,
"value": "S02BO3F01"
o,

ully
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Proposal —Query using Semantic API

* Location: Site o2 - Building 03 * Source device: Temperature sensor
- Grouping: Per floor - Value type: History
- Measured property: Air temperature « Query output: BMS ID
. : {
SiT ?thé//.a./sbms/semant1cs/trends/ "groups”: [
T1e S= mSI "SOZBO3F01",
&grouping=scope.floor "s02B0O3F02",
&dataPoint.source.type=TemperatureSensor "S02BO3F03"
&dataPoint.scope.location=S02B03 1,
&dataPoint.property.domain=Air ‘results”: {
. . "s02B03F01": [
&dataPoint.property.quality=temperature {

"bms1d": "bactrend://02030101.TL1",
"dataPoint": {
"bms1id": "bacnet://02030101.A11"

3

3,

{
"bms1id": "historian://TL857",
"dataPoint": {

"bms1id": "bacnet://02030101.A11"

3

},..

3
} ‘l'..l
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Proposal — Middleware layer

Source systems

BMS on-line data

“Foreign keys” in Ontology
repository

Middleware layer

Data providers

——————————————————

Data providers

Semantics providers

Semantic API
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Ontology
repository
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Data access API:
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Proposal —Query using Data Access API

Address specification: Semantic result data Time period: 2016/06/01 — 2017/07/01
Aggregation function: temporal AVG Aggregation Window: 1 day
POST https://.../sbms/data/trends/seriesOfAggregates {
7aggregation=temporalAvg "results": {
&start=2017-06-01 "S02BO3FOL": {
&end=2017-07-01 "2017-06-01" : 23.8,
&window=0 0 0 * * ? "2017-06-02" : 24.8,
Requost body: "2017-06-03" : 25.1,
{ "2017-06-04" : 24.7,
"groups": [ "2017-06-05" : 25.5,
"S02B03F01", "2017-06-06" : 23.2,
"S02B03F02", .
"S02B03F03" 1,
1, "S02BO3F02" : {
"results": { "2017-06-01" : 21.7,
"S02B03FO01": [ "2017-06-02" : 23.8,
{ "2017-06-03" : 22.3,
"bms1id": "bactrend://02030101.TL1", "2017-06-04" : 23.5,
"dataPoint": { "2017-06-05" : 24.0,
"bms1id": "bacnet://02030101.AI11" "2017-06-06" : 22.4,
}
},"' }’
ully
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Results — Semantic APl & Client

Sémanticky BMS  Dotaz

Datové body Historickd data Vztahy — Qvliviiujic
Filtrovani dat

Vysledky musi odpovidat nasledujicim parametrim:

Adresa v BMS ~
Zdrojove zafizeni Q
Poloha zdroje ]

Typ PZ o

Typ méfeni =
Médium/Prostiedi Nic neni vybrano -
Publikujici zatizeni Q
Ovliviovana veli¢ina Nic neni vybrano -

Vysledky

—— T

Tabulka JSON
Skupina Adresa v BMS Typ objektu  Zdrojové zafizeni
Zadné

11304.A13 @ 22 Vstup BHAT4ND1012MABTOO1

Vztahy — Ovliviiované

Typ objektu
Typ zdroj. zafizeni
Pfedmét zajmu (PZ)
Poloha PZ

Obdobi méfeni
Veliéina
Ovliviiovany PZ

Ovliviované
Médium/Prostiedi

Typ zdroj. zafizeni

Q /* >4 Teplotni gidlo

BHA14NO1012

Nic neni vybrano

temperature

Nic neni vybrano

Poloha zdroje

BHA14NO1012 @ 2

Vybér atributd
Vysledek bude 0 kazdém datovém bodu obsahovat nasledujici
informace:

Vybratvie Odebrat vie

@ Adresa v BMS @ Typ objektu

) ¥ Zdrojové zafizeni (v Typ zdroj. zafizeni

Q [# Poloha zdroje ¥ Predmét zajmu (PZ)
@ TypPZ @ Poloha PZ

T ¥ Typ méfeni () Obdobi méfeni

¥ Médium/Prostiedi @ velicina

Q ¥ Publikujici zafizeni

Predmét zajmu (PZ) Obdobi méfeni

Typ PZ PolchaPZ Typ méfeni

BHA14ND1012 @ 28 Misinost PFimé méfeni

admin

Sdruzovani vysledki

Vysledky buou rozélenény do skupin na zakladé nasledujicich

kritérii:
Zadne Typ PZ
Mistost (PZ) PodlaZi (PZ)
Budova (PZ) Aredl (PZ)

Typ zdroj. zafizeni Mistnost (zdroj)

PodlaZi (zdroj) Budova (zdroj)

Areal (zdraj) Typ objektu (senzor)

Médium/Prostiedi Veliéina Publikujici zafizeni

Wzduch Teplota  BHAT4NO1013MAKBOO1 | @ * 2

ally
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Results — Semantic APl & Client

A14_Al T Mistnost_112

Adresa v BMS Typ objektu  Zdrojové zafizeni Typ zdroj. zafizeni  Poloha zdroje Pfedmét zajmu (PZ) Typ PZ PolohaPZ = Typ méfeni Obdobi méfeni ~ Médium/Prostfedi  Veli¢ina  Publikujici zafizeni

11304.A13 @ =4 Vstup BHAT4NO1012MABTO01 | @ A 2 Teplotni idlo BHA14NO1012 Q@ 8 BHA14NO1012 @ =3 Mistnost PFimé méteni Vzduch Teplota BHAT4NO1013MAKBOO1 | @ A 2
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Employed technologies

€

Programming language  Java —, Java

‘E‘f'// Jersey

RESTful server Jersey
RESTful Web Services in Java.

Apache
Tomcat

Servlet container Apache Tomcat ii
A

Ontology handling Apache Jena \jenq
[}
a
BAS (BACnet) access bacnety] 'nlzgi Eg
HTML %
Semantic client HTML5 + jQuery k/
jQuerv gy
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Future work — End-user Applications
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Summary & Conclusion

- Area: Building operation analysis using data from
automation systems

- Aims:
» Provide new semantics to BAS data
- Simplify development of analytical tools

- Method: Middleware layer

- Semantic information — Integrating BAS and BIM
- Data access

- Evaluation: Implementation of benchmarks defined

in EN 15 221: Facility Management ol
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Thank you for your attention!

- Adam Kucera

« akucera@mail.muni.cz

* Project page:
https://gitlab.fi.muni.cz/xkuceri16/semanticBMS
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