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3D Geometry and Semantic Web - Industry Context: GROPYUS

Who/What is Gropyus?
● Construction company / general contractor
● Offers digital, end-to-end solution — from design and 

production to assembly and smart building operations,

● 350–440 staff across Europe.

● Timber Building Design
● Robotic Fabrication
● Use knowledge graphs for data representation and 

integration  (using a data fabric architecture)

Bossong, E. (2022, December 6). NetworkMeeting – Erik Bossong about Eco-Twin [Video]. Platform Digitize Wood. YouTube. https://youtu.be/AJg_KZADb6I?t=1451 
Slide image retrieved from minute 15:32, “Modellentwicklung Eco-Twin,” GROPYUS Company Presentation, March 2022.
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3D Geometry and Semantic Web - Industry Context: GROPYUS

Problem: Transformations/ Projections

Problem: Geometric Associations Wall 
interfaces with Rooms and Spaces

Copyright © GROPYUS

-No explicit room modeling: spatial queries like “which room contains this 
device?” were not possible.
-No geometric reasoning: relationships like containment or adjacency could 
not be inferred from geometry.
-Ad-hoc geometry formats: custom representations limited interoperability 
and reuse.
-No native support for transformations: geometric placements couldn't be 
resolved directly in RDF.
-No derived computations: basic metrics like area or volume couldn’t be 
calculated or validated.

Requirements:
R1: Support for multiple geometry types (BRep, CSG).
R2: Validation of geometry.
R3: Spatial operations (e.g., volume, containment).
R4: Scalable modeling across many units (serial production).
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Storing Geometry in Databases
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Approaches to Representing and Querying Geometry in RDF

Approach I: 
Represent geometry using RDF 
(using an ontology or not) but 
have no dedicated query 
language for that. 
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Approaches to Representing and Querying Geometry in RDF

Approach I: 
Represent geometry using RDF 
(using an ontology or not) but 
have no dedicated query 
language for that. 

Approach 2: Geometry data is 
represented in RDF/OWL and can be 
queried using a dedicated query 
language within the RDF database, 
such as GeoSPARQL or BimSPARQL.
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Approaches to Representing and Querying Geometry in RDF

Approach I: 
Represent geometry using RDF 
(using an ontology or not) but 
have no dedicated query 
language for that. 

Approach 3: Geometry is linked from RDF to 
external geometry engines or spatial 
databases, which handle computation and 
validation outside the RDF store.

Approach 2: Geometry data is 
represented in RDF/OWL and can be 
queried using a dedicated query 
language within the RDF database, 
such as GeoSPARQL or BimSPARQL.
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Alternative categorizations of RDF geometry exist—such as those 
based on data structure or encoding—but they do not address 

geometry querying, processing, or scalability, which are the focus of 
our work.
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Criteria Used for Evaluation:

Each approach was assessed across the following dimensions:

● Expressiveness (ability to represent complex geometry and relationships)
● Complexity (ease of use and implementation)
● Geometry Support (how geometry is stored/represented)
● Geometric Functions (what spatial operations are possible)
● Geometry Validation (support for checking geometric correctness)
● Scalability (performance with large datasets)
● Interoperability (ability to work with external systems)
● Standardization (alignment with industry standards)
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Dataset and Systems Involved

● Used a simplified IFC file as a base model for geometry testing

● Model includes walls, spaces, devices, and transformation data

● Designed and ran custom unit tests on geometric primitives

● Tested operations like containment, validation, CSG, and transformations

● Evaluated behavior across multiple tools (e.g., PostGIS, CGAL, Trimesh)
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Approach I: RDF-based geometry Modelling

Comparative Analysis of Approaches for Geometric Data Representation in RDF. by 
Diellza Elshani, Ali Nakhaee, Anthony A. Arrascue, Haris Isakovic, Navid Hedayati, 

Janakiram Karlapudi, Thomas Wortmann LDAC 2025
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GeoSPARQL Representation (WKT-based)

ifcOWLRepresentation(CSG-based)

OntoBREP Representation (Topological structure)
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Approach II: Extending Triplestore and Querying Capabilities
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Dedicated query languages enable efficient, 
domain-specific geometry processing and 
semantic inference within RDF systems.
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● Enables standardized 2D spatial operations (e.g., intersects, within, distance) 
on RDF data, making it effective for geospatial querying and reasoning.

● Supports geometry literals in WKT (geo:wktLiteral) and GML (geo:gmlLiteral) 
WKT is most commonly used due to simplicity and broad tool support

● Limited 3D geometry support

● No built-in geometry validation.

● Supports 3D spatial operations (e.g., intersects, within, distance) aligned with 
OGC standards.

● Accepts WKT literals for spatial operations, aligned with GeoSPARQL.

● Difficulties to test: outdated and dependent on deprecated SPIN (which is no 
longer maintained and has been superseded by SHACL, the W3C 
recommendation for expressing rules, constraints, and inference in RDF).

● Documented many 3D functions, but missing ones needed for GROPYUS use 
case.
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Approach III
Integrating RDF-based Systems with Native Geometry Stores or Computer-Graphics Libraries
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Most 3D functions (e.g., ST_3DDistance, ST_3DWithin) compute distances between 

vertices rather than surfaces, leading to inaccuracies when objects are in contact but 

their vertices don’t align.
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Unexpected 3D distance computation in PostGIS:

Approach III: PostGreSQL, PostGIS

PostGIS computes 3D distances using vertices, not full surfaces
Functions affected: ST_3DDistance, ST_3DWithin, ST_3DFullyWithin, ST_3DIntersects
Leads to inaccurate results when nearest points are not vertices
Example: Sphere touching glass wall → expected distance = 0, PostGIS returns ≈ 5
Why? No vertex pair is close enough, despite surface contact
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Unexpected 3D distance computation in PostGIS:

Approach III: PostGreSQL, PostGIS

PostGIS computes 3D distances using vertices, not full surfaces
Functions affected: ST_3DDistance, ST_3DWithin, ST_3DFullyWithin, ST_3DIntersects
Leads to inaccurate results when nearest points are not vertices
Example: Sphere touching glass wall → expected distance = 0, PostGIS returns ≈ 5
Why? No vertex pair is close enough, despite surface contact

maybe it is a modelling question: Solid vs Polyhedral surfaces
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Most 3D functions (e.g., ST_3DDistance, ST_3DWithin) compute distances between 

vertices rather than surfaces, leading to inaccuracies when objects are in contact but 

their vertices don’t align.

Limited to 2D geometry processing.
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Focused on visualization, not geometric validation or reasoning. Not well suited for 

semantic or topology-aware modeling.

Most 3D functions (e.g., ST_3DDistance, ST_3DWithin) compute distances between 

vertices rather than surfaces, leading to inaccuracies when objects are in contact but 

their vertices don’t align.

Limited to 2D geometry processing.
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Focused on visualization, not geometric validation or reasoning. Not well suited for 

semantic or topology-aware modeling.

Designed for triangle meshes, not high-level BIM elements or hierarchical models. 

Lacks support for geometric semantics (e.g., wall vs. door).

Most 3D functions (e.g., ST_3DDistance, ST_3DWithin) compute distances between 

vertices rather than surfaces, leading to inaccuracies when objects are in contact but 

their vertices don’t align.

Limited to 2D geometry processing.
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Focused on visualization, not geometric validation or reasoning. Not well suited for 

semantic or topology-aware modeling.

Designed for triangle meshes, not high-level BIM elements or hierarchical models. 

Lacks support for geometric semantics (e.g., wall vs. door).

Most 3D functions (e.g., ST_3DDistance, ST_3DWithin) compute distances between 

vertices rather than surfaces, leading to inaccuracies when objects are in contact but 

their vertices don’t align.

Limited to 2D geometry processing.

SFCGAL provides standard compliant geometry types and operation. SFCGAL is a C++ 

wrapper library around CGAL, but unlike CGAL it uses WKT.
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Focused on visualization, not geometric validation or reasoning. Not well suited for 

semantic or topology-aware modeling.

Designed for triangle meshes, not high-level BIM elements or hierarchical models. 

Lacks support for geometric semantics (e.g., wall vs. door).

Most 3D functions (e.g., ST_3DDistance, ST_3DWithin) compute distances between 

vertices rather than surfaces, leading to inaccuracies when objects are in contact but 

their vertices don’t align.

Limited to 2D geometry processing.

SFCGAL provides standard compliant geometry types and operation. SFCGAL is a C++ 

wrapper library around CGAL, but unlike CGAL it uses WKT.

Offers robust and precise geometric algorithms, including 3D mesh validation, 

containment, and volume computation.
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Focused on visualization, not geometric validation or reasoning. Not well suited for 

semantic or topology-aware modeling.

Designed for triangle meshes, not high-level BIM elements or hierarchical models. 

Lacks support for geometric semantics (e.g., wall vs. door).

Most 3D functions (e.g., ST_3DDistance, ST_3DWithin) compute distances between 

vertices rather than surfaces, leading to inaccuracies when objects are in contact but 

their vertices don’t align.

Limited to 2D geometry processing.

Complex, but works. Supports advanced 3D modeling, Boolean operations, geometry 

validation, and solid construction; ideal for CAD-grade workflows.

Offers robust and precise geometric algorithms, including 3D mesh validation, 

containment, and volume computation.

SFCGAL provides standard compliant geometry types and operation. SFCGAL is a C++ 

wrapper library around CGAL, but unlike CGAL it uses WKT.
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Benchmark RDF-based Geometry Descriptions

Eg: ifcOWL

Non-RDF Geometry as RDF Literals

Eg: GeoSPARQL

Linking to Non-RDF Geometry Files

Eg: PostGIS

Expressiveness Highly expressive for BIM data with rich semantics but 

verbose for geometry.

Supports rich spatial vocabulary for 2D 

geometries and relationships.

Extensive geometric data types with 

additional attributes for geographic 

features.

Complexity Complex due to IFC-to-OWL translation and reasoning 

over large datasets.

Easy for basic queries; advanced spatial 

reasoning can be challenging.

Simple for basic tasks; advanced 

functionalities require deeper knowledge.

Geometry Support Mirrors IFC schema but verbose; limited efficiency for 

complex geometries.

Supports 2D geometries (points, lines, 

polygons); lacks 3D support.

Robust 2D geometry support with some 3D 

functionality.

Geometrical Functions No native geometrical functions. Comprehensive 2D functions (buffers, 

intersections, distances); lacks 3D functions.

Extensive 2D functions; growing 3D 

capabilities but still limited.

Geometry Validation No inherent validation capabilities. No built-in validation; some 

implementations integrate external tools for 

2D.

Built-in 2D validation; limited support for 3D 

integrity checks.

Scalability Limited scalability due to RDF verbosity and 

computational overhead.

Scales well with optimized RDF stores; 

performance varies with implementation.

Highly scalable with spatial indexing and 

PostgreSQL integration.

Interoperability Strong semantic interoperability; challenges with 

consistent geometric representation.

Interoperable via OGC standards for data 

exchange.

Adheres to OGC standards, enabling broad 

system integration.

Standardization Benefits from IFC and OWL standards; requires ongoing 

standardization efforts.

Well-established by OGC with active 

development.

Strong alignment with OGC standards; 

stable implementation.

Detailed Evaluation of Approaches 
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Evaluation of Approaches 

RDF-based Geometry Modeling: 
Represents geometry directly in 

RDF using vocabularies like 
ifcOWL or GeoSPARQL; highly 
expressive but lacks processing 

and validation capabilities.

Extending Triplestore and 
Querying Capabilities: 

Adds spatial functions to RDF triplestores 
(e.g., GeoSPARQL) to enable geometry 

querying; supports some in-graph 
computations, some limited to 2D. But 
they are an efficient method to query.

Integrating RDF-based Systems with Native 
Geometry Stores or Graphics Libraries: 

Links RDF to external systems like PostGIS or CGAL 
for advanced geometry processing; offers strong 3D 
support but requires integration, propagating data, 

where data might be disconnected / challenges with 
depended parameters.
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Summary: Bridging Geometry Processing and RDF

● Dedicated query languages like GeoSPARQL or BimSPARQL enable efficient, domain-specific geometry processing 
and semantic inference within RDF systems.

● External geometry libraries like CGAL and OpenCascade offer good support for 3D operations (They enable 
precise validation, Constructive Solid Geometry (CSG), and spatial analysis beyond RDF-native capabilities). 
However, they remain separate from RDF, requiring external integration.

● SPARQL can be extended with custom functions to invoke geometry processing as needed. This creates a 
scalable and flexible pathway to support advanced geometry in RDF-based systems.
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