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ATLAS LIVING LAB

The Atlas Living Lab is our newest and most

sophisticated living lab, in which 10 years

i. g of experience with living labs accumulated
in a flexible infrastructure and accompanying

T ' , yre ' processes to conduct ground breaking
WL " , LA research while respecting the privacy and
; z cornfort of the residents.
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Pieter Pauwels - Linked Data Concepts - Aalto seminar on Data-Driven Smart Buildings


https://www.tue-lighthouse.nl/Images/Publ/10YearsLivingLightLabs.pdf
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Not only now....

. Always and any
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Pieter Pauwels. Supporting decision-making in the building life-cycle using linked building data. Buildings 4 (3): 549-579. 2014. z BDTn
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s« Building data, building data, and building data [F#8BE
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- 3D representation enriched with
semantic information

Digital counterpart for a physically
existing object

Set of interlinked web-based data
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[ BUILDING DIGITAL TWiN IFC TeChnicaI Road map

< Bespoke, high threshold

Generic, scalable, higher adoption>
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UML [ XML ] [ Linked Data ] [ JSON
-{ bSDD ][ GitHub ] ‘ APIs
A

https://www.buildingsmart.org/about/technical-roadmap/
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Data Sharing and Live Data Access
Modular datain dedicated repositories with live query access

“\O
\O Q Data Access Interface 1
\)tz,
j Data Access Interface 2
£

- Link and combine as needed
- Live data availability

Data Access Interface 3

The Future

Dedicated Data Storage

|~ M

6 Eastman Symposium | "Semantic Exchanges"
Pieter Pauwels



A Cloud of Live
Building Data
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Categories of data?

e Data streams:

Ordered lists of values, typically floating point values
Large amount of data -> data lakes

Almost no semantics, at best a few labels for
categorization

E.g. temperature measurements, system logs (e.g.
triggering of actuators), etc.

* Semantically rich and interconnected data:

Seldom including large data streams

Long debates about the semantics of things ->
standardisation

Complex and brittle (breaks easily)
Small amount of very important data

Easy to combine with rule-based and/or logic-based
technologies (inference and query)

E.g. BIM models, semantic web ontologies,
taxonomies, OTLs, etc.

e Control models:
» Algorithms for control, parametric functions

* Communication system, signal processing, direct
control, low latency

» Typically located on the edge (devices with
embedded functions)

* E.g. Control Description Language (CDL), modelica
models

* User data:
* Qutside of the system
» Different privacy and security requirements

* Files:
* No semantically rich encodings, no data streams
* Highly valuable, and seldom machine-processable
* E.g. PDFs, Images, Geometry ‘blobs’




Categories of data?

e Data streams:

Ordered lists of values, typically floating point values
Large amount of data -> data lakes

Almost no semantics, at best a few labels for
categorization

E.g. temperature measurements, system logs (e.g.
triggering of actuators), etc.

* Semantically rich and interconnected data:

Seldom including large data streams

Long debates about the semantics of things ->
standardisation

Complex and brittle (breaks easily)
Small amount of very important data

Easy to combine with rule-based and/or logic-based
technologies (inference and query)

E.g. BIM models, semantic web ontologies,
taxonomies, OTLs, etc.

MACHINE LEARNING

STATISTICAL'AI METHODS

SEMANTICS
SYMBOLIC Al METHODS
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Targeted framework for Al-based smart buildings
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System Integrator
- API- and Web-based
- not semantics-based only
- not ML-based only

|

- human—accissible and -oriented

]

Semantically

Control system

rich Data lakes incl. control logic
data store
SYMBOLIC Al STATISTICAL Al

{

Important:

Include access
control (ACL)
‘linking” of data on
system integration
level

Agreement and
standardization of
labels and
metadata tags
Feed back into
control systems!
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@prefix
@prefix
@prefix

Semantic graph of sensors

See presentation Lasitha Chamari on
Wednesday 25 May.

brick: <https://brickschema.org/schema/Bricki#>

inst: <http://linkedbuildingdata.net/ifc/resources20201208 005325/>

ph: <https://project-haystack.org/def/ph/3.9.11#>

@prefix phIoT: <https://project-haystack.org/def/phIloT/3.9.11#>
@prefix phScience: <https://project-haystack.org/def/phScience/3.9.11#>

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

inst:11NROOSLT-001PIRTM a brick:Occupancy_Sensor,
phIoT:sensor ;
rdfs:label "PRESENCE_8_ 128"~Axsd:string ;
brick:haslLocation inst:space 892 ;
ph:dis "PRESENCE_8 128"~~xsd:string ;
ph:hasTag phIoT:his,
phIoT:occupancy ;
phIoT spaceRef inst:space 892

inst:11NROO8LT-003PIRTM a brick:Occupancy_Sensor,

phIoT:sensor ;

rdfs:label "PRESENCE_8_ 127"~Axsd:string ;

brick:haslLocation inst:space 1023 ;

ph:dis "PRESENCE_8 127"~Axsd:string ;

ph hasTag phIoT his,
phIoT occupancy ;

phIoT:spaceRef inst:space 1023 .

occupancy
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PIETER PAUWELS - LINKED DATA CONCEPTS - AALTO SEMINAR ON DATA-DRIVEN SMART BUILDINGS
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Devices and systems External services Metadata sources

B ra | n 84 B U | I d | n gS Data S‘;l;‘f:: mms L‘*gfg Pl ’vor:n ;Ts [other |
Reference System |
Architecture W I ]
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* Web-compliant | ! aps
I i | IoT Driver ~ BMS Driver External Data Driver - Metadata Driver

i | MaTT Pre—pricessor I p—
* Connectors and transformers e ver . Q‘J ,,,,,,,,, l—[ ffffffffffffffffffffff o ] s
for external data sources e R

Connected to loT devices

Central Building Operation Data Layer a2 || g b
SyStem (API) HTTP. HTTP ;ARQL

MQTT

° IVI u Itl p | e I nte rfa CeS Building Operating System (API)
c T HTTP HTTP
Application il WebSocket
Logic Layer
DSM A[nlfgg)“ MPC
B ful with y
e caretul with securit R
Visualization bimsim.app
Layer

Smart building system architecture
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Can we use it
in more than 1
application?

Does it scale?
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Autonomous mobile robots
navigate to
complete the given tasks

Routing for last mile delivery (e.g. package delivery, hospital
navigation)

Emergency navigation and evacuation (e.g. fire)

Navigation in risky environments (e.g. risk for diseases)

Tasks in places that are difficult to reach (e.g. maintenance and
inspection)

environmental maps

Topological map
Metric map

Hendrikx, B., Pauwels, P, Torta, E., van de Molengraft, M. J. G. R. & Bruyninckx, H. P. J. (2021). Connecting Semantic Building Information Models and Z BDTn
Robotics: An application to 2D LiDAR-based localization. In: IEEE International Conference on Robotics and Automation (ICRA). BUILDING DIGITAL TWIN ASSOCIATION
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Outline A
Advanced Engineering Informatics e
Abstract : - Volume 56, April 2023, 101959
ELSEVIER
Keywords ’

L. Introduction Full length article

2. State of the art for robot world models and BIM lee Semantlc data from bulldlng dlgltal twlns
3. Method for evaluating data flows from BIM to r... for I'ObOt H&Vlgatlon: OVEFV]EW Of data tl'ElI]Sf‘EI'

4. In-depth evaluation of data flows

5. Validation

6. Conclusion and future work Pieter Pauwels * © =, Rens de Koning * =, Bob Hendrikx ® &, Elena Torta b =

Declaration of Competing Interest Show more

Data availability + Add to Mendeley of Share %9 Cite

References https://doi.org/10.1016/j.2€i.2023.101959 » Get rights and content
Show full outline s Under a Creative Commans license a ® open access
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$BITIC — Linked Building Data incl. Geometry
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stg:usedEquipment

"Leica Scan Station P30"

stg:hasLocalVersion
inst:PointCloudURL
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inst:building1
stg-haslocalVersion

C:ISTG/Project/RhinoFile. 3dm

LEGENDA

= RDF Literal

= Type classification

= RDF instance node

ol J

Jeroen Werbrouck et al., Scan-to-graph: Semantic enrichment of existing building geometry,
Automation in Construction, 119 (2020). https://doi.org/10.1016/j.autcon.2020.103286.
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Brgsuunmsmmmnwm Maps avallable from LBD Cloud #BDTIC

* A topological map abstracts metric information and represents, in a bidirectional
undirected graph (unlike the RDF graphs), how spaces are connected to each other.

A metric map includes all metric information needed for path planning

[ O ]
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N
1
‘\ 5
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O 3 | |0 0
=l l m
Topological map Metric map

de Koning, R., Torta, E., Pauwels, P, Hendrikx, R. W. M., & van de Molengraft, M. J. G. (2021). Queries on Semantic Building Digital Twins for Robot ‘
Navigation. In 9th Linked Data in Architecture and Construction Workshop (pp. 32-42). CEUR Workshop Proceedings; Vol. 3081. CEUR-WS.org. BDTn
http://ceur—ws.org/\/ol—3081/03paper.pdf BUILDING DIGITAL TWIN ASSOCIATION



http://ceur-ws.org/Vol-3081/03paper.pdf

Hendrikx, B., Pauwels, P, Torta, E., van de Molengraft, M. J. G. R. & Bruyninckx, H. P. J. (2021). Connecting Semantic Building Information Models and
Robotics: An application to 2D LiDAR-based localization. In: IEEE International Conference on Robotics and Automation (ICRA) (Accepted/In press).
www.youtube.com/watch?v=b7LKU3C6gCQ
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Devices and systems External services Metadata sources

Battery

The Future is Now:

Data Sources

Laver IoT devices

Zigbee BACnet HITP
Z-wave| Modbus H N
Tuya

E— —

v
IoT Driver | BMS Driver External Data Driver Metadata Driver
) MQTT ; ¥ v
Integration Q J ’_I : Pre-processor Pre-processor
Layer : :
v v
i Message Broker — Tl ume. L
: message service
| X
MQTT . N :
° ° Q Timeseries Blob data Semantic
data Graph (RDF)
) ° Data Layer T
HTTP HTTP l SPARQL
v v
‘ Building Operating System (API) ‘
. . T HTTP HTTP
Application ] Websocket
Logic Layer :
Analytics
MPC
‘ o ‘ (EDD) ‘ ‘

Algorithms and Analytics

Visualization
Layer

User Interfaces

Z BDTA

BUILDING DIGITAL TWIN ASSOCIATION




€ :BDTIC

3 r‘ BUILDING DIGITAL TWIN

International Conaress
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