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Introduction

Consistent data helps
when creating autonomous

robots.

How can I retrieve the

relevant information to
know if I am capable of

transporting these Beams?

How to handle and align
user-defined and
software-specific property
sets?

How to overcome inconsistent
property naming between
domain-specific software

to enable generalised queries?
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IFC Export and Resulting Graph

IFC 4.0 (SPF)

Name J Value Name Value
(=] PropertySets from entity [=| PropertySets from entity
[<] Pset_BeamCommon R [= Pset_ BeamCommon
IsExternal FALSE RVT IsExternal FALSE
LoadBearing TRUE - LoadBearing FALSE
Reference IPE 240 Roll 0.
Roll 0. Slope 0.
Slope 0. L Status NEW
Span 3.60 [m] (= Qto_BeamBaseQuantities :
[=] Pset_ReinforcementBar... CrossSectionArea 0.00 [m’)
Reference IPE 240 - GrossSurfaceArea 3.32[m’)
[=] Pset_Environmentallmp... GrossVolume 0.014 [m’)
Reference IPE 240 . GrossWeight 110.
[= Qto_BeamBaseQuantities aY Length 3600 [mm] -
CrossSectionArea 0.00 [m’] Tekla. NetSurfaceArea 3.42 (m’)
GrossSurfaceArea 333 [m’] Structures NetVolume 0.013[m’} &
GrossVolume 0.014 [m’] NetWeight 105.
Length 3.60 [m] OQuterSurfaceArea 3.32 (m)
NetSurfaceArea 3.33 [m] (= Additional Properties
NetVolume 0.014 [m’) HEIGHT 240 [mm)
OuterSurfaceArea 332 [m) LENGTH 3600 [mm]
[<] PSet RevitCustom MAIN_PART 4908
ElementWeight 110. NAME BEAM
............................................................................................ RDF (Turtle) e
inst:beam 4333fbce a beo:Beam. bot:Element : inst:beam 4333fbce a beo:Beam. bot:Element :
Im inst:elementWeight _4535f ; , [m inst:elementWeight 4335f ;
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Standards

IFC

—— Statically defined properties

— Dynamically extended

- Quantity sets
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https://www.linkedin.com/posts/valexiev_bsdd-session-at-ldac-mid-june-2023-activity-7049280388069830656-DFQP?trk=public_profile_like_view
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Related work: Converters

npm Q_ search packages About @

IFC.js based IFC to Linked Building Data

ifc-lbd parsers
0.3.8 ¢ Public +« Published a year ago
3 Readme B code & 5 Dependencies

IFCto LBD

IFC to Linked Building Data (LBD) is built on IFC.js. It uses the web-ifc model loader and parses
out triples in JSON-LD format.

demo
Install

npm i ifc-1lbd
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Related work: Converters

IFCtoLBD @3 R 'A;.

IFC LBD

- 4
Convert an IFC file to the LBD format I FC to Ifc OWL
Property handling line IfcOWL traversal line Geometry handlingline .
Command line
i Interface
Collect Property and Cmy Collect Geometry
Quantity Sets P
o
__________________________ Y
§ I’ '
: ) lchlle : Ope nAPI
1 (na;éu.'amg; :
| ;} IfcBuilding |
{ u»ﬁz‘shz:;;y) I
Property sets data . — : Geometry data
| path P1/P2 path P3 /P4 |
1 (hasSpace) (storey containsElement)
- ~N | MeSpace : ( Desktop App
5 I (space containsElement) lp('\lh f’-S ;s o I
propert.les / : Contained elements “““; = : I < / Geometry
quantities U e o EP360) pace) ooy ! L
\ J | (hostsElement) :lgpg;r.f.-ga(om (u«;“g"'cgﬂ!%i : _P
(" \ : path P1 path P6 / P7 path P6 / P7 I
s (hostsElement) |
/ IFC attributes : ! Python Library
I Hosted Aggregated Hosted Aggregated Hosted Aggregated :
A J e R S R
Bonduel etal., 2018
7 CC link icon: Fabian Alexis
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Related work

IFCtoLBD

Convert an IFC file to the LBD format:

X

s 7

IFC

IFC to IfcOWL

Property handling line

IfcOWL traversal line

Geometry handling line

Collect Property and
Quantity Sets

|

Property sets data

properties/
quantities

[ / IFC attributes

I
)

ucs;.e
;)mawm
0

.

Hosted Aggregated  Hosted
elements elements  elements

sssssssss

pain P& /7
(osisElement)
Aggregated H:ys\m

Aggregated
elements  elements elements

Bonduel etal., 2018

tainsEloment)

(storey)

(Contained elements

[‘ 2 Collect Geometry}

C o \

Geometry data

4--—[ / Geometry ]
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Solution 1: Lightweight Mapping (\)
D
&

7

IFC

IFC to IfcOWL

Property handlingline

IfcOWL traversalline

Geometry handling line

Collect Property and
Quantity Sets

{JSON} __

Mapping description

v Collect Geometry
L

| I
| I
I
: N3 )
: N ? IfcBuilding :
el |
.pe Property sets data ' ! Geometry data
| User specific e : e i ’

| ce) (storey containsElement)
. - ~ i :
H I

— SOftWa re S p eC I fl C pro pe rt.les / : Contained elements ontained elements | / Geometry
qua ntities | s ;.7(59308) |
A J | (hostsElem: LU :
7~ ™~ : path P6 | PT I
(hostsElement) |
_ / IFC attributes : :
{ "http://Ibd.arch.rwth-aachen.de/props#grossWeight": (S e S e R s
"http://Ibd.arch.rwth-aachen.de/propst#elementWeight"} b o I AIRA A==, Bondual ALy 2018
CC link icon: Fabian Alexis
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Solution 2: bSDD
O oI
X .

IFC LBD

-
IFC to IfcOWL
.
{ J } Property handling line IfcOWL traversalline Geometry handlingline
: _> Collect Prppertyand Yy Collect Geometry
Quantity Sets n

Mapping description S Jro oo mee

|

! IfcSite
| path P1

| (hasBuilding),

! IfcBuilding
| path P1
! (hasStorey)
|

I

|

|

I

|

Property sets data Geometry data

IfcBuildingStorey

path P1/P2
(hasSpace)

path P3 /P4
(storey containsElement)

A ‘: 4 h i o
— s rope rt|es / N :::::::»smwceemElommu
'( S D D Prop iti * | Contained elements Adjacent elements Contained elements <+ / Geomet ry
q uantities | pathPs/ pr(spaoa) () th P4 G Pl
\_ Y, | (hostsElement) ﬂ;’;,ggm] m;;,cml.;,
4 N : path P6 / PT path E’S'W
(hostsElement) (hostsElemant)
. I
/ IFC attributes . -
| Hosted Aggregated Hosted Aggregated josted Aggregated
\_ ) L elements elements elements elements elements elements B
____________________ Bonduel etal., 2018
CC link icon: Fabian Alexis
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Using Linked Building Data with buildingSMART Data Dictionary

$oSDD
IFC/terms {bSDD search W -

1
|
1
___________ - —— — — —

ibSDD API SEM B
LBD ihuman readable bSDD Ontology e L

"""""" imachine readable bSDD Ontology =

Classes

@base <https://identifier.buildingsmart.org/uri/buildingsmart/ifc/4.3/prop/Grossheight>.

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schemaits>.

1
1 H H .
LBD 5 @prefix xsd: <http://www.w3.org/2001/XMLSchemad>.
6
]

@prefix bsdd: <http://bsdd.buildingsmart.org/defit>.
@prefix qudtUnit: <http://qudt.org/vocab/unit/>.

@prefix ifcd_3: <https://identifier.buildingsmart.org/uri/buildingsmart/ifc/4.3>.

10 <https://identifier.buildingsmart.org/uri/buildingsmart/ifc/4.3/prop/Grossieight> bsdd:ActivationDateUtc "2024-01-12";

11 bsdd:Code "GrossWeight";
12 bsdd:DataType "Real";
13 bsdd:Definition "Total Gross [[Weight]] of
the object without any add-on parts and not
L URIs to name thmgs taking into account possible processing
features (cut-out's, etc.) or openings and
—— Derefenceable addressing zecesses. i
14 bsdd:Dictionary ifed_3:;
H H H 15 bsdd:Name "Gross Weight";
- When look up, provide useful information " ot Pramesty e ueKind "Single’;
. . 17 bsdd:Status "Active";
_ L|nkS to Other ||nkS 18 bsdd:VersionDateUtc "2824-81-12";
19 a bsdd:Property.
20
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Using Linked Building Data with buildingSMART Data Dictionary
oS

@ Gross Weight English

IFC/terms ibSDD search

___________ $-——————n————eee— e — —

'bSDD API
LBD ihuman readable bSDD Ontology

:Tmachine readable bSDD Ontology

Recommendations:
1 <!DOCTYPE HTML PUBLIC "-//IETF//DTD HTML 2.0//EN">
l. Use bSDD OntOlogy for 2 <html><head>
H H H 3  <title>404 Not Found</title>
properties, when possible, in L hesdschodys
the IFC data context. 5 <hi>Not Found</hL>
. 6  <p>The requested URL was not found on this server.</p>
2' ConSIStent acCess methOdS‘ 7  <p>Additionally, a 404 Not Found
3. Ontology IRIs Should be 8 error was encountered while trying to use an ErrorDocument to handle the request.</p>
9 </body></html>
dereferenceable. 10
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Evaluation: Queries

IFC 4.0 (SPF)

1 select ?Beam ?Weight where {
2 ?Beam a beo:Beam.
3 ?Beam ?props ?Property.

180 {m]

- 4 ?Property rdfs:label "Qto_BeamBaseQuantities:grossWeight";
= 5 opm:hasPropertyState ?PropertyLv3.
6 ?PropertyLv3 schema:value ?Weight.
I 7 }

e o e entWeight 45956 ]
Result:
One query, same Output for both ! select ?Beam ?Weight where {
. 2 ?Beam a beo:Beam.
Inp uts. 3 ?Beam ?props ?Property.
4 ?Property a <https://identifier.buildingsmart.org/uri/buildingsmart/ifc/4.3/
prop/Grossweights>;
5 opm:hasPropertyState ?PropertyLv3.
6 ?PropertyLv3 schema:value ?Weight.
}
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Solution 3: Keep original mapping

Q Q Q Q bsdd:GrossWeight
/ “111.9”"Mxsd:decimal
\‘ / . “2020-02-14T10:00:00*xsd:datetime

"

<
‘ N schema:value  prov:generatedAtTime
O Inst:Beam_09bc inst:GrossWeight_09bc
-

R props:Grossweight opm:hasPropertyState
- — > — O insti:PropertyState_09bc
e - ' rdfs:label
: a
o opm:Property O " ‘

& “Qto_BeamBaseQuantities:
: grossWeight”

opm:PropertyState
a \ owl:equivalentTo

rdfs:label
»  “PSet_RevitCustom:elementWeight”

inst:ElementWeight_4353
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Comparison

A

{JSON}

BoSDD

owl:equivalentTo

Rename function

Solution1

Solution 2

Solution 3

Post-process IRIs.

Commonly shared
properties for a group
collaboration.

Map to propeties of
standard dictionaries
like buildinSMART
Data Dictionary.

Instead of replacing
properties, add new
so that provenanceis
kept.

Converter
independent. Extra
processing step.

Lightweight. Can be
used in projects and
smaller groups.

Scales well. Benefits
of the dictionary
definitions. Depends
on the buildingSMART
implementation

When itis important
to know the original

Debugging.

naming of the proerty.

Software function

Mapping Shared as
JSON

Mapping Shared as
JSON

Mapping Shared as
JSON
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Datais available

O jyrkioraskari / props_demo Q Type (/) to search

<» Code () Issues 17 Pullrequests () Actions [ Projects [0 Wiki ) Security |~/ Insights 3 Settings

& props_demo  Public s? Pin | ®uUnwatch 2
main ~ 1 Branc 0 Tags Go to file t A ile ~ <> Code ~
. jyrkioraskari Create Sample JSON.txt 1a8a6d7 - 3 months ago  ¥5) 11 Commits
[ 1PE240Tekla.ifc Models 4 months ago
IPE240Tekla_L3_maped.java Extended samples 3 months ago
0 kl ped,] ded sampl hs ag
IPE240Tekla_L3_mapped.tt Extended samples 3 months ago
0 kl pped.ttl ded sampl hs ag
IPE240Tekla_L3_no_change java Extended samples 3 months ago
[} ki h i ded \ h
[ IPE240Tekla_L3_nochangel.ttl Extended samples 3 months ago
B IPE240_Custom_Revit_02.ifc Models 4 months ago
[ 1PE240_Custom_Revit_02_L3_mapped java Extended samples 3 months ago
D IPE240_Custom_Revit_02_L3_mappped.ttl Extended samples 3 months ago
0O IPE240_Custom_Revit_02_L3_no_change.java Extended samples 3 months ago
. . . . D IPE240_Custom_Revit_02_L3_no_change.ttl Extended samples 3 months ago
https://github.com/jyrkioraskari/props_demo
[9 LICENSE Initial commit 5 months ago
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Conclusion

Future work:

* unifying measurement units
» conflicting values

* more complex mappings

* Inconsistent property naming and
classifications are common and hamper
interoperability

* The proposed solution: to share RDF
property mapping of
» user-defined properties
» software-specific properties

* Observation:
* We recommend using buildingSMART
Data Dictionary, but the Linked Data
implementation has limitations
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