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XR for deconstruction planning

Framework for on site application

|
|
|
| 1. How can AR be employed to effectively visualize BIM-derived RDF data, including both
| mesh geometry and associated metadata directly on-site?

| 2. How can AR facilitate dynamic querying and real-time updates of BIM-derived data
| from a triplestore to support construction decision-making?

i 3. How can voxelised space, enriched with semantic attributes, enhance dynamic spatial
|
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|

|

|
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XR for deconstruction planning

Framework for on site application S -

1L AR deconstruction planning
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XR for deconstruction planning

Use case: Restage structure from TARGET-X
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XR for deconstruction planning

Backend preparation and first XR application 2023

| Conversion of IFC to LBD |

E?I?I;:CORGNJIZATIDN(:S,'Autodesk Revit 2025 (ENG)',$,%,%); LinkEd BUiIding Data

#2=TFCAPPLICATION(#1,'2025" , 'Autodesk Revit 2025 (ENG)','Revit'); i b Tl e e, BhiT a0 i
#3=TFCCARTESTANPOINT((0.,0.,8.)); -

#4-TFCCARTESTANPOINT( props:guid "025M0Dimf438IBEfJvESG ="
#5=IFCDIRECTION((1- = L 1bd:containsInBoundingBox inst:buildingelement 2£957744;
rdf:type bot:Element ;
W=HCMRHTmN( props:volume 0.000010701 ;
- #8=IFCDIRECTION( 1bd:description ST
.8 1bd:containsInBoundingBox inst:buildingelement be2bab7d;
:% g FCDIRECTION((1., ; - = 1bd:containsInBoundingBox inst:buildingelement 4b3208cf;
pr=i #12=IFCDIRECTION((-1.,8.)); = - . .
=51 5 rops: lengthRelevant true ;
58 #13-TFCDIRECTION((®.,1.)); IFCtoLBD prop g
=L . props:length 87.00000000000001 ;
.'E o "7, TwWuG46KQ",$,%,%,%,%); > props:materials "Stahl" ;
FCORGANIZATION(S,"","",$,3); 2 props:material "Stahl" ;
#17-TFCPERSONANDORGANTZATTON(#15,#16,%) ; e YT Ml TET
#18-TFCOWNERHISTORY (#17,#2,%, .NOCHANGE. ,$,%,%,1719932951) ; , 8 <d_10" ;7
#19-TFCSIUNIT(*, . LENGTHUNIT. props:netSurfacelArea 0.021822 ;
#20=TFCAXIS2PLACEMENT3D(#3 3 props:type "3D-0bjekt5Cs ;

#2 FCDIRECTION(({6.12323 5736766E-017,1.)); props: detailobject false
#22=TFCGEOMETRICREPRESENTATIONCONTEXT (%, "Model ' ,3,1.00000800000008001E-005,#20,#21) ;
#23-TFCGEOMETRICREPRESENTATIONSUBCONTEXT( "Axis’, "Model " ,*,* * * #2) ¢ _GRAPH VIEW.,3); . .
FCGEOMETRICREPRESENTATIONSUBCONTEXT( *Body ', 'Model' ,*,*,* * #22 %, MODEL_VIEW.,$); e e N false ;
FCGEOMETRICREPRESENTATIONSUBCONTEXT( "Box ', *Model® ,*,*,* * #22 %, MODEL VIFW.,$);
FCGEOMETRICREPRESENTATIONSUBCONTEXT( *FootPrint”, "Model” ,*,*, % * #22 %, .MODEL_VIEW.,%);
#27=-IFCPROJECT( " 25YBIaltr2Y9Sy1NEj1BW2" ,#18, 'Project Number',%,$, 'Project Name','Project Status’',(#22),#891317);
#28=TFCCLASSIFICATION( 'CSI (Construction Specifications Institute)®,*1998",%, "Uniformat’);

r

props:layer mon
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XR for deconstruction planning

Baseb4 encoding and decoding of meshes

| |
| |
I
| |
I Encoded Decoded |
| diAxLjAwWMCAXLjAWMCAXL.j AwMAp2ICOXL v 1.000 1.000 1.000 I
: JAWMCAXL ] AWMCAXL ] AwMAp2ICO0xLjAwMC v -1.000 1.000 1.000 I
| AtMS4wMDAgGMS4wMDAKAiAxL,jAWMCAtMS4 v -1.000 -1.000 1.000 :
E | WMDAgMS 4 wMDAKAiAXLjAWMCAxLj AWMCAL v 1.000 -1.000 1.000 |
| MS4wMDAKJiAtMS4wMDAgMS AwMDAgLTEUM v 1.000 1.000 -1.000 I
— | DAWCNYgLTEUMDAwICO0xLj AwMCAtMS4wMD v -1.000 1.000 -1.000 |
S _ I AKdiAxI,j AWMCAtMS 4wMDAGLTEUMDAWCHY v -1.000 -1.000 -1.000 |
590 | gMSAYIDMKZiAxIDMgNApmIDUgNiA3CmYg v 1.000 -1.000 -1.000 |
§§ | NSA3IDgKZiAxIDUgOApmIDEGOCAOCMYgM £f123 [ > |
=3 | iA2IDcKZ1iAy IDcgMwpmIDEgGNSA2CmYgMS f134 |
€3 : A2IDIKZiA0IDggNwpmIDQgNyAzCg== £ 567 I
| £578 :
| f158 |
| £f184 |
| £f267 |
| £f 273 |
I £156 |
| £162 |
| f 487 |
: f 473 :
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XR for deconstruction planning

Example query and result

UNIVERSITY

RWTHAACHEN

i |
' |
' |
' |
' |
' |
' |
' |
' |
' |
' |
|

| PREFIX inst: <https://www.target-x.com/>

I PREFIX fog: <https://w3id.org/fog#> I
| PREFIX beo: <https://pi.pauwel.be/voc/buildingelement#> I
I PREFIX omg: <https://w3id.org/omg#> [ ;}

: SELECT DISTINCT ?inst ‘encoded - I
I WHERE | ?inst omg:hasGeometry ?instG . O |
| ?instG fog:as0Obj v3.8-obj ?encoded.

' |
' |
' |
' |
' |
' |
' |
' |
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XR for deconstruction planning

AR application in action

» Fiducial Marker
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XR assisstant for deconstruction planning

Example use case of the AR application

AR R TR
K e

'.‘v: SR
| A\ 4 &
> N 4
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| * Visual anchors attached to the demonstrator | P
i * Selection of building element |

| 2
' Query building elementinformation from the edge server B
I I
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XR assisstant for deconstruction planning

App output for different materials and building elements
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Q - 100% +

[17:46:40] Target status: logo TRACKED --

NORMAL

[17:46:41] Target status: logo -
EXTENDED_TRACKED -- NORMAL

[17:46:44] Target status: logo TRACKED --
NORMAL

_' > Scene MT
Submit | Clear | Close

Result: Quality of the query results can only be as good as the initial BIM model
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Bridging the physical and virtual spaces

Using AR as user interface to bridge the gap between physical and virtual environment
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Spatial-Temporal Description via Voxelisation of Spaces

Voxelisation of the construction site: A shared understanding of the spaces

Landscape

. Occupied
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Spatial-Temporal Description via Voxelisation of Spaces

Voxelisation of the construction site

* Two processes

Z .

%‘% ongoing at the

%% same time

2 | « Define working

8. zone depending on
w8 . .
2% the IFC information
32
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Spatial-Temporal Description via Voxelisation of Spaces

Voxelisation of the construction site
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Spatial-Temporal Description via Voxelisation of Spaces

Voxelisation of the construction site

I

I

: inst:Voxel 051004 a vxl:Voxel ;

| vxl:guid "051004-xyz789-2025" ;

I vxl:layer "Layer 3"

| vxl:process inst:Deconstruction ConcreteWall ;
| vxl:plannedTime "2025-02-01T09:00:00z2"**xsd:dateTime ;
| vxl:space vxl:GroundFloor ;

| vxl:position [vxl:x 7 ; vxl:y 15 ; vxl:z 3] ;

: vxl:size [vxl:width 1.0 ; vxl:height 1.0 ; vxl:length 1.0] ;
I vxl:relatedTo inst:buildingelement £f8b9725e-9584 ;

| prov:wasGeneratedBy inst:VoxelPlanningSystem ;
I

I

|

I

I

I

I

I

|

I

I

I

I

I
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vxl:entryTime "2025-01-31T08:00:00z2"**xsd:dateTime ;
vxl:startTime "2025-02-01T09:00:00z"~*xsd:dateTime ;
vxl:endTime "2025-02-01T11:00:00z"**xsd:dateTime
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Spatial-Temporal Description via Voxelisation of Spaces X

Voxelisation of the construction site

RWTHAACHEN
UNIVERSITY

individualized
production

LDAC2025
Linked Data in Architecture and Construction



Layering Semantic Information robotic navigation X

Voxelisation of the construction site
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Layering Semantic Information robotic navigation X

Voxelisation of the construction site

35
%% Moderate Signal
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Spatial-Temporal Description via Voxelisation of Spaces X

Voxelisation of the construction site
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Spatial-Temporal Description via Voxelisation of Spaces X

Voxelisation of the construction site

&
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Spatial-Temporal Description via Voxelisation of Spaces

Voxelisation of the construction site

|
|
o Fully defining an ontology for voxels in a construction site l
e better capture the semantics, interactions and temporal data required for effective planning, |
scheduling, and real-time management of construction workflows |

e could potentially be integrated with ontologies that address process descriptions, such as the Internet |

of construction process ontology. |

o Degree and relationships of the adjacent neighbourhood |
* relational information to each of its neighbours can potentially be used to implement rules and |
|

|

|

|

|

|

|

|

|

|

|

|

|
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constraints to the voxels
o Incorporating different sensors into the system could enhance automated decision-making
o Granularity of the voxels
o Dimensions of the voxels
o Implementation of octree and leaf nodes
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Spatial-Temporal Description via Voxelisation of Spaces

Voxelisation of the construction site

=
of
]
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= 0
[ 4
30
s
2T inst:Voxel 051004 a vxl:Voxel ;
oo vxl:guid "051004-xyz789-2025"
=0

vxl:layer "Layer 3"

vxl:process inst:Deconstruction ConcreteWall ;
vxl:plannedTime "2025-02-01T09:00:00z2"**xsd:dateTime ;
vxl:space vxl:GroundFloor ;

vxl:position [vxl:x 7 ; vxl:y 15 ; vxl:z 3] ;

vxl:size [vxl:width 1.0 ; vxl:height 1.0 ; vxl:length 1.0] ;
vxl:relatedTo inst:buildingelement £8b9725e-9584 ;
prov:wasGeneratedBy inst:VoxelPlanningSystem ;
vxl:entryTime "2025-01-31T08:00:00zZ"**xsd:dateTime ;
vxl:startTime "2025-02-01T09:00:00Z"**xsd:dateTime ;
vxl:endTime "2025-02-01T11:00:00z2"**xsd:dateTime .
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