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Currently, digitisation processes for architectural heritage are moving towards 
horizontal interoperability. However, the operational effectiveness of these 
processes is still limited by the insufficient integration of technological 
applications, as well as the difficulty of managing the complexity of standard 
formats in heterogeneous application contexts.
Data standardisation is therefore essential. In the construction sector, the 
prevailing open standard is Industry Foundation Classes (IFC). However, its 
complex structure, which is designed to ensure maximum data fidelity, means 
that integrating it into lightweight or prototypical applications is costly.
This paper therefore proposes defining algorithmic workflows for strategically 
selecting information contained in IFC files. This approach aims to achieve 
vertical interoperability by translating data into the lightweight dotBIM format. 
This JSON-based format is optimised for the web and improves communication 
efficiency by overcoming current technological rigidities in heterogeneous 
contexts through the targeted transfer of only essential data.
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Da IFC a dotBIM. Un flusso di 
lavoro di interoperabilità verticale 
per il patrimonio culturale 

IFC to dotBIM. A Vertical Interoperability 
Workflow for Cultural Heritage

Detail of Fig. 04.

Case study: room no. 
8, also known as the 
"Gallery of Sarcophagi," 
and room no. 10, 
known as the "Valley 
of the Queens". Plan 
view, section view, and 
exterior elevation view

00.

Attualmente, i processi di digitalizzazione del patrimonio architettonico stanno 
evolvendo verso l'interoperabilità orizzontale. Tuttavia, l'efficacia operativa di 
questi processi è ancora limitata dall'insufficiente integrazione delle applicazioni 
tecnologiche, nonché dalla difficoltà di gestire la complessità dei formati standard 
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Difference between the two standards IFC on the left and dotBIM on the right opened 
with a text editor.

01.

INTRODUCTION
The research question focuses on how a vertical interoperability workflow can address the 
complexity of standard formats, ensuring strategic selection of information useful for specific 
purposes. The importance of the availability of a standard, and the value of the cultural capital it 
conveys, leads to an understanding of how these tools should become standard practice (Borin, 
& Zanchetta, 2020). Indeed, they can be implemented with ease, even and especially in flows 
characterised by proprietary platforms. The primary obstacle to the implementation of these 
standards is the challenge of formalising a shared information environment, both in the design 
and implementation phases. The integration of information from disciplines "tangential" to the 
Building Information Modelling (BIM) sector into the models themselves requires the use of 
tools capable of mediating and connecting heterogeneous information systems (Lo Turco, 2015). 
In this scenario, Visual Programming Languages (VPL), together with traditional syntax-based 
programming, emerge as the ideal mechanism for prototyping customised workflows (Ernst & Ernst, 
2023). This approach overcomes the rigidity of software with "traditional" interfaces and makes 
data extraction, processing and synchronisation flows transparent and reproducible.

IFC STRUCTURE AND DOTBIM COMPARISON
In order to achieve effective technological integration, it is essential to anchor digitisation 
to open standards, widely accepted formats and recognised semantic ontologies (Lok et al., 
2023). From an epistemological perspective, the adoption of these ontologies transcends 
technical protocol; it represents a cognitive framework for interpreting architectural space. By 
structuring data into semantic categories, these digital instruments allow the transition from 
simple geometric representation to a queryable knowledge graph, where spatial relationships 
and functional attributes define the very reality of the building model. In this context, Industry 
Foundation Classes (IFC), the international standard ISO 16739, is the reference format for data 
exchange in the Building Information Modelling (BIM) sector. 
An IFC file can be shared through different encodings (IFC 4.3.2 Documentation, n.d.), the most 
relevant being the STEP Physical File (SPF), a widely used text format readable by text editors; XML, 
which offers a readable tag structure but larger file sizes; and Linked Data-based formats (RDF/TTL) 
designed to expose IFC data in Semantic Web contexts. Focusing on the SPF format, its structure is 
classically divided into a HEADER, containing metadata such as software version and timestamp, and 
a DATA section. The latter lists all physical and virtual entities described by the EXPRESS language, 

using unique identifiers (e.g., #123) to avoid redundancy and optimize the logical data model [Fig. 01.].
The IFC data model has been designed to facilitate horizontal interoperability. This paradigm aims 
to transfer data as completely and accurately as possible between software systems operating at 
the same level of detail or within the same disciplinary domain [Fig. 02.]. In principle, horizontal 
interoperability is considered advantageous because it maximises the preservation of the model's 
information capital (Laakso & Kiviniemi, 2012).
However, different needs arise when the information model is to be used in application 
contexts other than design, such as web visualisation, Facility Management or integration with 
IoT platforms. In such cases, we enter the domain of vertical interoperability, where data is 
transferred between systems operating at different levels of abstraction (Tomalini, 2022).
This process invariably involves data transformation. While this may appear to be a "loss of 
information", in this context, it is more accurate to define it as a selection of information that 
is useful for a specific purpose. The complexity of IFC files can sometimes present challenges in 
terms of file size and processing time.
This control and 'verticalisation' of data are therefore aimed at drastically improving the 
efficiency of communicating essential information. Simplifying the data structure facilitates the 
possibility of linking the BIM model to other information assets (such as maintenance databases, 
historical documentation or sensors), operations that would be considerably more complex to 
manage by interacting directly with the complete IFC structure.
The dotBIM format was introduced to address these requirements. It was developed as a 
lightweight, web-oriented interchange format designed to address the size and processing 
complexity of traditional BIM files, especially in client-side visualisation contexts.
Although IFC can also be exported to JSON, its original hierarchical structure remains more rigid 
than the native flexibility of dotBIM, which was designed directly on JSON (JavaScript Object 
Notation). This choice makes it more lightweight and less "verbose", focusing on the essentials 
(Radaczynski, 2022; BIM2B EUROPE, 2024) [Fig. 03.]. 
Its structure is streamlined into essential components: a Header for metadata; Meshes that store 
geometry as simple triangles rather than complex boundary representations; Elements that link 
objects to meshes and allow for free-text metadata; and an Info section for file-level data. This 
structural simplification reflects a shift in the ontological approach: strictly defined semantics 
are replaced by a flexible schema that facilitates the integration of external ontologies. This 
allows the architectural model to act as an open connector for heterogeneous information 
assets, from historical documentation to sensor data, enhancing the interpretability of the built 
environment without the computational burden of a full BIM schema.

Andrea Tomalini 

in contesti applicativi eterogenei.
La standardizzazione dei dati è quindi essenziale. Nel settore delle costruzioni, lo 
standard aperto prevalente è Industry Foundation Classes (IFC). Tuttavia, la sua 
struttura complessa, progettata per garantire la massima fedeltà dei dati, rende 
costosa la sua integrazione in applicazioni leggere o prototipali.
Questo documento propone quindi di definire flussi di lavoro algoritmici per la 
selezione strategica delle informazioni contenute nei file IFC. Questo approccio 
mira a raggiungere l'interoperabilità verticale traducendo i dati nel formato leggero 
dotBIM. Questo formato basato su JSON è ottimizzato per il web e migliora 
l'efficienza della comunicazione superando le attuali rigidità tecnologiche in 
contesti eterogenei attraverso il trasferimento mirato solo dei dati essenziali.



paesaggio urbano | 2.2025artificial intelligence? | intelligenza artificiale? 53

CASE STUDY
The selected case study examines the HBIM model of two rooms on the ground floor of the 
Egyptian Museum in Turin: room no. 8, also known as the "Gallery of Sarcophagi," and room 
no. 10, known as the "Valley of the Queens". Both rooms were surveyed using TLS instruments, 
followed by the modelling of architectural components using BIM methodology [Fig. 04.] 
(Mezzino et al., 2022).

METHODOLOGY
The methodology aims to address the operational rigidity and cost barriers associated with 
full implementation of complex standards, such as IFC. It proposes a selective and lightweight 
approach to data extraction and reorganization. The objective is to demonstrate the feasibility of 
targeted conversion between the IFC standard format and the dotBIM format.
The entire process is formalised through an algorithmic workflow implemented in a Visual 
Programming environment (Grasshopper/Rhino 8), using the CPython interpreter. The choice of 
CPython, unlike IronPython in previous versions, despite being less computationally efficient, 
allows for the integration of high-performance external libraries [Fig. 05.].
The implemented process commences with access to the IFC file (STEP Physical File) provided via 
the designated path. Firstly, the file is validated in the file system. Then it is loaded and subjected 
to complete parsing by the ifcopenshell library (A).
Subsequently, through targeted queries (executed using the ifc_file.by_type method), entities 
belonging to a predefined list of IFC classes of interest (e.g. IfcWall, IfcSpace, IfcSlab) are 
identified and filtered. At this stage, the focus is not on the model as a whole, but on the 
selective extraction of subsets of data and geometries.
For each identified entity, the geometric module of ifcopenshell (ifcopenshell.geom.create_shape) 
processes complex geometric representations (such as B-Rep). The result of this processing is 
then converted into a Rhino.Geometry.Mesh geometry (optimised triangular mesh).
Conversely, if the geometric conversion has produced a valid mesh, the metadata is extracted. 
Key attributes such as GlobalId (used as a unique identifier), Name, and ObjectType are retrieved. 
Furthermore, all associated Property Sets (PSet) are extracted and serialised into a JSON string 

Non-hierarchical structure of the dotBIM format in which I have different classes that do not have 
dependencies on each other.

03.

IFC hierarchical structure. IfcRoot is the most abstract and root class for all entity definitions that are rooted 
in the kernel or in subsequent layers of the IFC specification. An IfcObjectDefinition is the generalization 
of any semantically treated thing or process, either being a type or an occurrence. An IfcObject is the 
generalization of any semantically treated thing or process. Objects are things as they appear. The IfcProduct 
is an abstract representation of any object that relates to a geometric or spatial context. An IfcProduct 
occurs at a specific location in space if it has a geometric representation assigned. An element is a 
generalization of all components that make up a facility. Elements are physically existent objects. The built 
element comprises all elements that are primarily part of the construction of a built facility. Built elements 
are all physically existent and tangible things.  

02.
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07.

Case study: room no. 8, also known as the "Gallery of Sarcophagi," and room no. 10, known as the "Valley of 
the Queens". Plan view, section view, and exterior elevation view.

04.
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for the purpose of facilitating structured management.
The strict alignment between the geometry (Mesh) and the information data (GlobalId and PSet) 
is guaranteed by the fact that the information is added to the respective output lists only in a 
joint manner, ensuring that the index of each mesh corresponds to the index of its metadata.
Subsequently, a set of codes builds a "bridge" to convert these meshes and associated 
information into dotBIM.

Next, the process continues by collecting and formatting the two main types of data: 
geometries (C) and metadata (D). The script is responsible for translating the geometric part. The 
RhinoCommon library utilises a "disassembly" process for each native Rhino mesh, systematically 
traversing the Vertices to extract the list of coordinates and the Faces to construct the list of 
indices that define the triangles. This script is also capable of handling optional data, such as 
vertex colours, and producing the final mesh block.

Concurrently, the metadata is prepared by two complementary scripts. The component (D) 
is responsible for the general metadata of the project, such as the author or title. It uses the 
standard JSON library to convert simple lists of keys and values into a dictionary and then 
serialises this into a compact JSON string (B). Its function is based on the use of the ghpythonlib.
treehelpers library to correctly interpret Grasshopper's complex Data Tree data structure, 
ensuring that each set of custom properties is correctly associated with the respective element.
Once the data has been prepared, the next script (F) acts as a central assembler. The script 
ensures that each set of metadata is linked to its specific geometry. Metadata includes both 
basic elements, such as 'Name' and 'Type', and custom metadata (E) from the script described 
above (B). The geometry is identified by a mesh_id. To ensure the uniqueness of each component, 
it uses the .NET System library to generate a globally unique identifier (Guid) for each element. 
In addition, RhinoCommon is utilised to define spatial positioning data, including vector and 
rotational information, while Color4f is employed to standardise colour using a consistent colour 
reference.

Finally, the system offers two distinct paths for exporting this JSON string. It should be noted that 
both export scripts add a timestamp to the data using System.DateTime. In order to facilitate local 
saving (G), the coponent utilises the System.IO libraries of .NET, leveraging the Path, Directory and 

Code developed in a VPL Grasshopper environment. From left to right: the IFC file is imported, the desired 
classes are selected, these are then converted into meshes and the associated information can be extracted, 
modified, and rewritten. Finally, the model is exported in dotBIM format.

05.

From left to right. BIM 
model of the case study. 
Import of the BIM 
model via IFC format 
into Rhino. 3dviewer.
net web-platform  into 
which the dotBIM file 
was imported.

06.
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File classes to create the destination folder and physically write the .json and .bim files to disk. For 
remote uploading (H), the script is responsible for communicating with the GitHub API. This script 
relies on the requests library to perform HTTP calls (GET and PUT) and the base64 library to encode 
the file content, as required by the GitHub API payload for uploading files.
To ensure a comprehensive process, a script was also developed to perform the reverse process. 
This process starts from a dotBIM file, analyses the JSON, and then reconstructs the 3D model.

CONCLUSIONS
This paper demonstrates the feasibility of a vertical interoperability workflow, confirming 
that 'strategic selection of useful information' is a pragmatic solution for data management. 
The methodology, implemented in a VPL (Grasshopper) environment using CPython, uses the 
ifcopenshell library for parsing and querying IFC files, and relies on the RhinoCommon API for 
geometric manipulation. This approach has formalised a transparent algorithmic process for 
translation from IFC to dotBIM.
The workflow selectively extracts IFC entities, converts complex geometries (B-Rep) into optimised 
Rhino.Geometry.Mesh meshes, and associates relevant metadata (PSet), serialised using the json 
library to ensure its integrity. This modular approach facilitates the integration of different ontologies 
(e.g. BIM and heritage), allowing only the necessary properties to be mapped.
The dotBIM format is a final compilation that integrates export routines for local saving (via System.
IO) and for versioning platforms such as GitHub (made possible by the requests and base64 libraries). 
These enable the consultation and 3D visualisation of semantic data on web platforms, making 
information capital accessible and queryable outside of specialist authoring systems [Fig. 06.].
This can be regarded as a significant step towards more informed management of digitisation 
processes and the establishment of interoperable methodologies for digital twins [Fig. 07.].

From left to right. Information associated with an element in a BIM environment. Information read via VPL 
codes from IFC files. Information displayed on the 3dviewer.net web-platform.
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