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This deliverable, titled "Development of Checking Software Based on IFC", acts as a report for the development and
integration of desktop-based and web-based tools for urbanism and accessibility validation as part of the CHEK project.
These tools—CYPEURBAN, CYPE Accessibility and CYPE Architecture all desktop applications, and Verify 3D, a
web-based solution—are designed to support the digitalisation of the building permit process, focusing on automating
urban planning and accessibility compliance. By utilising Building Information Modelling (BIM) and Geographic
Information System (GIS) data, these software tools optimise collaboration between municipalities, designers, and
other stakeholders, ensuring more efficient, transparent, and accurate validation processes.

CYPEURBAN enables urban planners and designers to load IFC-based BIM models and perform zoning and land-use
regulation checks. The tool supports the automated validation of building projects against local planning requirements,
improving efficiency and reducing human error. CYPEURBAN is accessible through the following link: CYPEURBAN
— CYPE Software. CYPE Accessibility is dedicated to evaluating building accessibility. It verifies elements such as
circulation routes, entrances, ramps, and accessible bathrooms according to national and regional standards. Its
integration into CYPE Architecture enhances early-stage accessibility compliance directly within the design process.
Access more information at: CYPE Accessibility — CYPE Software. Both tools have been integrated within CYPE
Architecture, CYPE’s free BIM modeler, to enable compliance of urbanism and accessibility checks during design
phase, creating a more efficient and collaborative workflow: CYPE Architecture — CYPE Software

Verifi3D is a BIM model checker in the cloud. It shows and checks models directly in the browser on the local machine,
with the automated setup, up-to-date live connections, and computational power of scalable cloud resources. Verifi3D’s
cloud workflow integrates with a wide choice of Common Data Environments and issue trackers used in the industry.
With the CHEK project, BIMserver.center has been made available as well. Several new Rule Types have been created
for the CHEK project, and used to creation of Rule Sets according to the Prague Building Regulations. These rule sets
can be customized and shared between users in the cloud. Since Verif3D supports both open standards and proprietary
platforms, the rules can even be parametrized to directly check the formats of authoring tools, allowing designers to
check their work in process without having to convert to IFC and to commit to submitting to the municipalities’ platform.
In this way, Verifi3D’s integrated setup simplifies adoption by the industry and brings freedom of choice to both
municipalities and designers.

Overall, this deliverable demonstrates the effectiveness of these tools in digitalising the building permit process and
the impact of their integration into the DBP platform. The combination of CYPE Architecture, and Verify 3D provides a
complete solution for managing complex regulatory requirements related to urbanism and accessibility. As the CHEK
project continues to evolve, these tools will play an essential role in improving the efficiency and transparency of
building permit processes, helping municipalities and designers optimise their workflows and ensure regulatory
compliance in a more collaborative and connected environment.
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This deliverable presents the development and integration of a set of desktop-based and web-based tools for urbanism
and accessibility validation as part of the CHEK project. It details the functionalities of two key software solutions—
CYPEURBAN/CYPE Accessibility (desktop-based) and Verify 3D (web-based)—specifically developed to support the
digitalisation of building permit processes with a focus on urban planning and accessibility compliance. These tools,
designed to integrate with the Digital Building Permit (DBP) platform, utilise Building Information Modelling (BIM) and
Geographic Information System (GIS) data to automate validation processes. The aim is to provide a clear
understanding of these software tools, their integration into the platform, and their role in promoting the efficiency and
transparency of the building permit process.

The purpose of this deliverable is to document and communicate the development, improvement, and integration of
the desktop and web-based tools into the DBP platform within the CHEK project. This includes outlining existing and
new functionalities developed to meet the needs of regulatory bodies, urban planners, and municipalities, showing how
these improvements facilitate a more effective compliance-checking process. Additionally, this deliverable serves as a
resource for understanding how these tools interact with the DBP platform’s workflow, providing insights into their role
in streamlining the urbanism and accessibility validation processes, and laying the groundwork for further
improvements and future developments in the CHEK project.

The rest of this deliverable is structured into the following sections:

Section 3, “Context”, provides framework for the development of these tools, situating them within the
broader scope of the CHEK project and summarising relevant aspects from D4.3 (the process and data
management platform) and D4.4 (the Open API and its role in software integration).

Section 4, “Desktop-based software: CYPEURBAN/Open BIM Accessibity”, details the desktop-based
solution, including its existing features, the connection with the DBP platform, the new functionalities
developed for this project and the integration under CYPE Architecture

Section 5, “Web-based software: Verify 3D”, focuses on the web-based solution, Verify 3D, with a similar
structure to explain its existing capabilities, integration process, and the enhancements introduced to support
urbanism and accessibility checks.

Section 6, “Conclusions”, concludes the deliverable, summarising key findings and the impact of these tools
on the digitalisation of building permit processes.

The development of the desktop-based and web-based tools for urbanism and accessibility in this deliverable is closely
linked with several tasks within the CHEK project, as illustrated in Figure 1. The tools' development is informed by the
to-be process map (D1.1) and user requirements (D4.1), ensuring that they align with the needs of stakeholders

involved in the building permit process. The data requirements and specifications created in WP2, particularly T2.1
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through T2.4, provide the foundation for managing Open BIM standards, regulations, and GIS/BIM data. These tasks
help shape the validation processes used in the software tools by ensuring that data standards are consistently applied.
Additionally, the data validity-support tools from D2.5 are critical for informing the compliance checks carried out by the
software.

The integration of CYPE URBAN and Verify 3D into the DBP platform, developed in Task 4.3 and informed in
deliverable D4.3, relies on the Open APl in Task 4.4. This connection allows both tools to exchange data with the DBP
platform efficiently, ensuring that validation results are communicated. As these tools focus specifically on urbanism
and accessibility compliance, they complement the 3D city model visualisation functionalities being developed in Task
4.6, which provide detailed spatial analysis for regulatory validation.

The role of Task 4.7 in documentation and workshops supports the implementation of the software tools, ensuring that
users can adopt them effectively. Meanwhile, Task 4.8 focuses on developing the business case, which is crucial for
the market uptake and further deployment of the tools developed in D4.6. This ensures that the new functionalities
reach their intended audience and deliver value within the broader context of the CHEK project.

Moreover, the efforts in WP5 focus on upskilling and reskilling relevant stakeholders, ensuring they can effectively use
the developed tools within their workflows. WP6 facilitates the pilot testing of these tools, allowing them to be validated
in real-world urbanism and accessibility scenarios. Finally, WP7 handles the dissemination and exploitation of the
project's outcomes, ensuring that the tools and innovations reach a broader audience and support the digital
transformation of building permit processes across the industry.

Figure 1: Relation with other tasks
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Describing the context of the CHEK project is crucial for understanding the development of the desktop-based and
web-based tools presented in this deliverable. These tools are part of a broader initiative to modernise and digitalise
the building permit process through the integration of Building Information Modelling (BIM) and Geographic Information
System (GIS) data. This section outlines the main objectives of the CHEK project, summarises the role of the Digital
Building Permit (DBP) platform as described in D4.3, and highlights how the Open API from D4.4 facilitates the
integration of these new tools into the platform.

The CHEK project aims to develop a digital framework for modernising the building permit process, focusing on
integrating Building Information modelling (BIM) and Geographic Information System (GIS) data into a unified workflow.
This framework seeks to automate and optimise the approval of building permits, ensuring that municipalities and other
stakeholders can access the tools needed for effective regulation and validation. Task 4.5 contributes directly to this
vision by providing advanced tools for urbanism and accessibility, supporting municipalities in evaluating project
compliance against a wide range of regulatory requirements.

22) i e

9 #

Figure 2: DBP CHEK framework

The DBP platform, as outlined in D4.3, serves as the core digital environment where building permit processes are
managed, from project submission to approval. It facilitates collaboration between designers, municipalities, and
software developers, offering features like “Corporate” accounts for design teams, “Validation” accounts for
municipalities, “Developers” accounts for software developers, and integration capabilities through the Open API. The
platform’s design focuses on user-friendliness, allowing stakeholders to easily manage project data, review compliance
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checks, and track project status in real time. The enhancements developed in D4.6 further extend the platform’s
functionality, specifically targeting the needs of urban planning and accessibility validation.

BIMserver.center 2

Terraced houses with BIM ...

:

Figure 3: DBP platform project review

3.3 Open APl integration

The Open AP, detailed in D4.4, plays a crucial role in enabling the integration of external software tools with the DBP
platform. By providing a standardised interface for communication between the platform and third-party applications,
the API ensures that tools like CYPEURBAN, VCMap CHEK plugin and Verify3D can interact efficiently with the
platform’s data management systems (Figure 4). The API supports authentication, data transfer, and the management
of contributions, allowing developers to create customised solutions that align with the platform’s workflows, the API
includes specific calls. This capability is essential for implementing the compliance checks and validation processes
required by urbanism and accessibility regulations, ensuring the smooth operation of integrated tools within the DBP

platform.
& )

Figure 4: Main components of BIMserver.center platform and API

D4.6 Tools for BIM based urbanism and accessibility

07/05/2025



CHEK - 101058559

In the context of the CHEK project, desktop-based software plays a key role in supporting the digitalisation of building
permit processes. These tools offer powerful, local processing capabilities that enable detailed analysis and validation
of building projects against regulatory frameworks. Unlike web-based solutions, desktop applications are capable of
handling large Building Information Modelling (BIM) datasets directly on local machines, providing greater flexibility and
control over complex validation tasks. By using desktop-based software, designers can efficiently manage compliance
checks related to urban planning and accessibility, ensuring that the digital building permit process aligns with existing
regulations and standards. Within this framework, two critical desktop-based tools have been updated: CYPEURBAN,
focusing on urban planning validation, and CYPE Accessibility, dedicated to assessing accessibility compliance. During
the project development capabilities of both tools have been integrated in CYPE Architecture, the BIM modelling
software tool from CYPE, a free tool for BIM modelling. This transition represents a significant evolution in the
CYPEURBAN/ CYPE Accessibility development path, requiring technical reorientation and temporarily diverting
resources from implementing checks. However, it lays the foundation for long-term exploitation and sustainability of
the results beyond the CHEK project, allowing for a more flexible, maintainable, and scalable system.

CYPEURBAN and CYPE Accessibility are desktop-based applications included as part of the CHEK project to assist
designer and municipalities in validating building projects according to urbanism and accessibility regulations. This
software provides tools for analysing BIM data and integrating it with urban planning and accessibility rules, offering a
robust solution for ensuring that projects comply with zoning laws, land use policies, and other local regulations before
they can be approved.

411 CYPEURBAN.
CYPEURBAN offers a range of features designed to support urban planning processes. These include the ability to
import IFC models, which contain detailed information about building projects, and apply to them various zoning and
land-use rules to assess compliance. The software allows users to apply various urban and zoning regulations to
assess compliance. With the ability to navigate 3D models, visualise spatial relationships, and generate detailed
compliance reports, CYPEURBAN helps urban planners and designers evaluate how proposed projects align with local
regulations. Its intuitive interface simplifies the management of complex data and enables precise analysis.

D4.6 Tools for BIM based urbanism and accessibility
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Figure 5: CYPEURBAN new regulation creation/loading

CYPEURBAN allows users to load or create their own sets of urban planning regulations, with several municipalities'
rules already preloaded for quick access (Figure 5). Once the regulations are in place, users can classify building
surfaces according to computability (e.g., fully, partially, or non-computable) and automate the process of associating
spaces from IFC models with the appropriate regulatory categories using the "Import Space Assistant." This
streamlines the compliance check process and ensures that all building elements are evaluated according to the correct
zoning and land-use rules

After setting the relevant regulations, users can manage how different types of surfaces are classified and calculated
within the project. The software supports defining computability percentages based on specific zoning rules, ensuring
precise and accurate evaluations. With these tools, users can handle both preloaded and custom regulations efficiently,
ensuring that every aspect of the project adheres to the required standards.
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Figure 6: CYPEURBAN Visualisation tab with “Lisbon DEMO”
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The Visualisation tab, as shown in Figure 6, provides users with full control over the display of 3D models and project
elements. Users can create and manage views such as floor plans, sections, and elevations, and isolate specific
components or adjust transparency to focus on key details. Additionally, visibility options allow users to show or hide
selected elements and assign colours to different parts of the model, making it easier to highlightimportant areas during
compliance reviews. These features ensure that all critical elements of the project are clearly visible and properly
evaluated during the validation process.

Through the Checks tab, users are provided with a centralised list of all mandatory checks that must be performed on
the project (Figure 7). It allows users to navigate through various regulations applicable to their model and check
whether each aspect complies with local planning regulations. The platform clearly displays the compliance status,
showing whether each check is compliant, non-compliant, or requires additional data. This enables users to identify
areas that need attention quickly, with each check linked directly to the relevant part of the model. By double-clicking
on a specific check, users can view more details, including the regulatory text and specific requirements, helping them
understand the compliance status and make necessary adjustments.

Qe eo CYPEURBAN v2025.c - Gaia_CYPE.urb @ Ane @ DEMO_CYPEGAIA — X
] RRQACGAICR NEA|DHEMELORD X |0
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Figure 7: CYPEURBAN Checks tab “Gaiurb DEMO”

CYPEURBAN also enables users to create custom checks. This function allows users to input specific project data,
such as plot size, building heights, setbacks, and other urban constraints. The platform guides users through the
process, enabling them to create checks by measuring relevant data directly from the BIM model and applying the
appropriate regulations. This feature is essential when working with custom or non-standard regulations that may not
already be included in the system. Users can easily define occupancy limits, plot coverage, and height restrictions, and
the platform will automatically validate the BIM model against these parameters, ensuring flexibility and accuracy in
the compliance process.
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Figure 8: CYPEURBAN custom checks

The Edit section allows users to modify the data and elements related to compliance checks (Figure 9). It provide tools
to adjust parameters, such as plot boundaries or building dimensions, and make necessary changes without the need
to rework the entire project. Users can move, delete, or copy elements, and the platform updates the results in real-
time to reflect these modifications. This feature is particularly useful for making adjustments to the project without
disrupting the workflow, ensuring that compliance is maintained as the design evolves.
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Figure 9: CYPEURBAN custom checks

Documentation is another strong aspect of CYPEURBAN. The platform enables users to generate detailed reports that
document the compliance status of the entire project. These reports include the relevant regulations, the checks
performed, and whether the project complies with the applicable planning rules. The reports are customisable and can
be exported for submission to authorities or internal use (Figure 10). Additionally, users can generate BIM models that
contain the compliance data, ensuring all necessary documentation is included in the project submission. This feature
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streamlines the documentation process, making it easier to prepare comprehensive and accurate reports for regulatory
approval.
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Figure 10: CYPEURBAN compliance check report

The Digital Building Permit (DBP) platform, integrated with BlMserver.center, operates within an Open BIM
environment that allows seamless interoperability between various BIM tools and systems. This integration ensures
that data, from design to validation, is centralised and accessible to all stakeholders. BIMserver.center acts as a
collaborative hub where BIM models, compliance checks, and other project-related data are stored, shared, and
updated in real-time. Through this workflow, CYPEURBAN plays a crucial role by allowing project designers to manage
compliance checks for urban planning regulations within a structured and collaborative framework.
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Figure 11: DBP Platform integration workflow
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The general workflow of connecting to the DBP platform is illustrated in Figure 11. Developer Accounts must first certify
CYPEURBAN as Checking Software. Once certified, it then is associated with the Validation Account, allowing
municipalities to review and validate the project's compliance with local regulations through the DBP platform.
Designers, using an authoring tool, create the BIM model, which is uploaded to BIMserver.center via a Corporate
Account. Once the model is on the platform, the same project is linked to a Validation Account, typically associated

with municipalities or regulatory authorities.
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Figure 12: BIMserver.center project selection
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To link an existing project from BlMserver.center into a CYPEURBAN project, it must have first been created by a
Corporate Account in the platform. Then, in CYPEURBAN, users must log in into their BIMserver.center accounts, and
then click the “Select Project” button, where all the account’s listed projects will appear. From this list, the desired
project should be selected; making sure it is the same as the one in the Corporate Account (Figure 12). This will
associate the local CYPEURBAN project with the platform’s online project.

Then, the project’s existing IFC models may be loaded into CYPEURBAN if needed (Figure 13). Should updates occur;
the user will be notified and given the option to reload the latest version of the models, keeping all collaborators aligned
with the most current project information. This menu can be accessed at any time by selecting the “Update” button
under the “BIMserver.center” panel, on the top right of the ribbon.

Figure 13: BIMserver.center model update

After loading the models, the software initiates an importation phase in which the elements of the BIM model are
mapped to the corresponding elements defined in the applicable regulations. This process was specifically designed
to ease the adaptation of models to municipal requirements. Typically BIM models are developed to support the internal
project management needs of the promoter, rather than being tailored to the regulatory criteria set by municipalities.
Within the CHEK project, the same issue was addressed by the CHEK IFC exporters developed within T2.5 (D2.4),
intended to facilitate the export of the CHEK IDS-compliant files from authoring software. Whether such an automatic
procedure might not be sufficient, or to choose a different method, the tool provided by CYPE can still bridge the gap
by facilitating the alignment of project data with local regulatory frameworks, through a manually controlled procedure,
ensuring smoother and more efficient compliance validation.
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Figure 14: Importing IFC models in CYPEURBAN. Mapping of “space” entities.

After the desired BIM models are updated from BIMserver.center, users can begin applying urban planning regulations
and performing compliance checks. Once the compliance checks have been performed, the results can be shared and

exported back to the DBP platform (BIMserver.center) through the “Share” button under BIMserver.center panel in the
top right (Figure 14).
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Figure 15: BIMserver.center contribution upload from CYPEURBAN

This will create a contribution in the DBP platform, where designers can access the information through their
“Corporate” accounts for further development, and municipalities review the regulation data though their “Validation”
accounts, as seen above in Figure 11. This process ensures that all stakeholders have access to the necessary
documentation and compliance results, optimising the building permit approval process. The share function can be
initiated directly within CYPEURBAN, and the results are uploaded to the same project on BIMserver.center.
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412  CYPE Accessibility.

CYPE Accessibility is a specialised desktop application designed to assist with the evaluation and validation of
accessibility requirements in architectural projects. As part of the CHEK project, this tool has been integrated into the
broader digital building permit framework to ensure that accessibility compliance becomes an integral part of the early
design and review stages.

The software enables users to check whether a building model complies with accessibility regulations, particularly
those related to spatial circulation, accessible routes, and the usability of common spaces for individuals with reduced
mobility. CYPE Accessibility processes architectural IFC models and identifies elements such as entrances, doors,
ramps, lifts, sanitary spaces, and circulation paths, comparing them against national or regional accessibility standards.
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Figure 16: Interface CYPE Accessibility

The interface allows users to navigate the 3D model, specific warnings or non-conformities are visually indicated,
enabling designers to understand and resolve issues during the design phase. The tool also includes editable regulation
templates, enabling adaptation to specific legal frameworks or user-defined rules, which is particularly relevant for
implementation in diverse municipal contexts within the CHEK pilot environments. In addition to compliance checking,
CYPE Accessibility supports the documentation of verification results. Users can generate comprehensive reports.
These reports can be exported and submitted as part of the digital permit process.

Within the CHEK project, CYPE Accessibility has been connected to the DBP platform through BlMserver.center,
enabling seamless sharing of results with other stakeholders. Once the accessibility checks are complete, designers
can upload the results directly to the platform, allowing validation authorities to review and approve them as part of the
broader compliance workflow.
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As part of the CHEK project, functional improvement have been developed for the desktop-based tools CYPEURBAN
and CYPE Accessibility. These developments focus primarily on adapting the tools to perform specific regulatory
checks as defined by the partner municipalities, including the incorporation of GIS-based data, creation of new rule
templates, and integration in the CYPE Architecture modelling environment. These improvements aim to facilitate the
compliance verification for urban planning and accessibility by the use of enriched BIM data and contextual information
from the surroundings.

421 CYPEURBAN.

The evolution of CYPEURBAN under the CHEK project has centered on expanding its analytical capabilities to account
for contextual information extracted from Geographic Information Systems (GIS), thereby supporting more comprehen-
sive urban regulation checks. Since most GIS information is not natively supported in IFC format, a necessary trans-
formation process is needed before importing the information in CYPEURBAN. Once imported, CYPEURBAN is capa-
ble of reading the properties from the surrounding environment encoded in the IFC, which allows for new contextual
checks to be performed.

To support these capabilities, several new features have been developed within CYPEURBAN, including:
- Surroundings information table: Displays detailed data from adjacent buildings imported via IFC.
- Import tool for surrounding buildings: Allows designers to bring in contextual data relevant to the building plot.

- Manual data enrichment: Users can manually assign or modify information associated with surrounding build-
ings to ensure accurate analysis.

These functionalities enable the execution of a new class of checks that depend on contextual information, such as:
Maximum number of floors based on adjacent buildings, total maximum height depending on surrounding buildings,
maximum fagade height in relation to the street profile or neighboring buildings. Moreover, CYPEURBAN has been
extended to support predefined regulatory templates developed in collaboration with the municipalities of Vila Nova de
Gaia and Lisbon.

- Gaia regulation package (12 checks): Includes rules such as minimum plot area, maximum number of floors,
fencing height limits, buildable depth, minimum distances between buildings, various setbacks, occupancy
coefficients, buildable area limitations, room area standards, and parking requirements based on computable
floor area.

- Lisbon regulation package (14 checks): Introduces complex checks including relative height restrictions based
on surrounding buildings, minimum free height per floor type, overhang limits, setbacks, and minimum net
floor areas.

These predefined libraries allow for out-of-the-box application of local regulations, facilitating fast validation and aligning
CYPEURBAN with the specific needs of the CHEK pilot municipalities.
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422 CYPE Accessibility.

Developments in Open BIM Accessibility within the scope of CHEK have focused on its seamless integration into CYPE
Architecture. This integration not only brings accessibility checks into the early design stage but also allows for direct

modelling of accessible components, thereby embedding compliance into the design workflow.

New features developed for the project include the ability to place and parameterize common accessible elements
directly within the model, such as: Stair lifts and platform lifts, accessible bathroom fixtures, including shower seats and
support bars. These elements can now be incorporated into the BIM model and subsequently evaluated during com-
pliance checks, ensuring that accessibility is embedded into both the design and the regulatory validation stages.
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Figure 18: Accessibility elements in CYPE Architecture.
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4.2.3 Integration of the checking desktop tools in CYPE Architecture.

One of the most significant evolutions carried out within the CHEK project has been the integration of the compliance
checking functionalities of CYPEURBAN and CYPE Accessibility directly into CYPE Architecture, CYPE's free BIM
modeler. This integration was not only a technical improvement but a strategic response to a fundamental limitation of
the previous standalone tools: lack of scalability and limited adaptability to local regulatory changes.

Originally, updating or modifying compliance checks required direct intervention from CYPE’s development team, pos-
ing a bottleneck for widespread adoption and limiting the flexibility of the tools across different regions. In contrast, the
new architecture is designed around a decentralized, modular, and scalable approach, enabling municipalities to cre-
ate, modify, and deploy their own regulatory checks independently of CYPE’s internal development cycles.

This shiftis made possible through the Open BIM Systems Database, an existing CYPE's technology initially designed
for managing product manufacturer data, now repurposed and extended to support urban and accessibility regulations.
While the adaptation of this system was not originally planned as part of the CHEK project (and has been developed
outside the CHEK developments), CYPE identified the absence of a structured and scalable regulation management
system as a critical gap (which was only partially achieved in the Task 2.1 “Interpretation and formalization of regula-
tions and encoding into a prototyped machine-readable format) by UMinho but without a sufficient TRL to be deployed
as a database, and not ready to be deployed in ready-to-market tools such as CYPE Architecture), and proactively
adapted its existing infrastructure to support this functionality within CHEK’s scope.
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Figure 19: Interface CYPE Architecture access to OBDB Database to download the regulation of municipalities.
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Figure 20: Definition of a check for maximum buildable depth of “Gaia DEMO” visualization of the OBDB database in CYPE
Architecture.

While the integration required a temporary reallocation of development resources—resulting in a slower rollout of new
regulation checks—it ultimately represents a paradigm shift in how digital compliance validation is delivered. By em-
powering end users and institutions to take control of their own regulatory logic, the system fosters collaborative gov-
ernance, localization of rules, and greater sustainability of the results.

The advantages of this new integration approach are substantial:

e Scalability: Municipalities can manage their own regulation libraries and deploy updates at any time, allowing
the system to grow organically across cities and regions without additional workload on CYPE's side.

o Autonomy: Local authorities or certified consultants can create and maintain their own validation rules through
a user-friendly interface, removing dependency on CYPE for each new rule or change.

e Real-time validation during design: With checking logic embedded into the BIM modelling tool itself, users can
verify compliance dynamically as they develop the model, simplifying workflows and minimizing design re-
work. (The tool is also capable of loading models in IFC for third party tools such as Revit, ArchiCAD...)

o Future-proofing: This approach lays a robust foundation for long-term exploitation beyond the lifetime of the
CHEK project, enabling municipalities to adapt to changing regulations and new urban planning challenges
without being constrained by software version cycles.
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Figure 21: Check of “minimum fagade distance” in CYPE Architecture and “Gaia DEMO”.
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Figure 22: Check of “minimum area of the living room depending on the number of bedrooms” in CYPE Architecture and “Gaia
DEMO”.
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Figure 23: Check of “maximum buildable depth” in CYPE Architecture and “Gaia DEMO”.
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Figure 24: Check of “gross buildability index by building type” in CYPE Architecture and “Gaia DEMO”.
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Figure 25: Check of “Height tolerance in buildings constructed on sloping land” in CYPE Architecture and “Gaia DEMO”.
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5. Web-based software: Verifi3D
5.1 Overview of Verifi3D
5.1.1  Verifi3D, Solibri CheckPoint and Solibri Office
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Figure 26: Verifi3D offers many options to connect to both open and proprietary systems

Verifi3D is a web application for BIM model checking. As any web application, it consists of two parts: the backend,
which is running on a server in the cloud, and the front-end, which is running on the local machine of the computer. In
this way, it can combine the best of two worlds. Because the display and checking of models takes place in code that
runs in the web browser on the user’s local machine, it is just a powerful as locally installed software. It has access to
the same memory, the same processor, the same model data as desktop software. Yet, unlike desktop software, it is
not limited by the resources on the users’ desktop, but plugs into the cloud, which offers highly connected and scalable
computational resources and options for collaboration. Verifi3D does not need to be locally installed, or updated, or
otherwise maintained by the users their organisation’s IT support. With their login credentials, users have secure,
immediate and up-to-date access to all application features, as well as access to projects, federated models, checking
rule sets and result issues that other users could share with them. The newest versions of models are obtained directly
from integrated Common Data Environments (platform) that serve as single source of truth for the entire project.

In October 2024, Xinaps, the company behind Verifi3D, was acquired by Solibri, the company behind the industry-
standard model checking application for the desktop, Solibri Office. As a result, Verifi3D’s legacy continues in the form
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of a new product, Solibri CheckPoint, which is built cloud-only workflows as well as interoperation with Solibri Office

itself.

5.2 Connection to the DBP platform.

For the CHEK project, BIMserver.center, was added as integration to the choice of platforms available in Verifi3D. In
this way, users have the choice of checking work-in-progress models from their local machine, from the platform that
is used according to the project’s BIM Execution Plan, or models submitted to the DBP platform itself.
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Figure 27: BIMserver.center as one of Verifi3D's platform integrations

D4.6 Tools for BIM based urbanism and accessibility

07/05/2025



(V4 CHEK - 101058559

DIGITAL BUILDING PERMIT

DDGSLTYWMTYtMDhkZDA4OGFhZmY 1fDUXNDg=

Company Project Model Set
Xinaps - christian.chek DEMO _Mar25_IPR Model Set [unsaved]

Model Browser c« Model Set Builde

©3 DEMO_Mar... Xinaps - christ... Model Set [unsaved]
3 Models, 0 Model Sets

Search

b peter surounds ® s
s

P PRAHA_GOA V5.2

¥ DRHAHA_GOA_V53
@ 413_AR_AP_S 0
@ 413_AR_AP_S 0
@ 113_AR_AP_S 0

P PRAHA_GOA_V5.3_Buil (7
P PRAHA_GOA_V53_B
P PRAHA_GOA_V5.3_B:

PAPRAHA.CORNS31L Welcome to your Mode! =

g B i L e o R wm
PIPRAHA.GOANSZ., Builder! Here, you can: 5;—‘:’5!-"’ ===
P PRHAHA_GOA_V53 Fo. €
» PRHAHA_GOA_V5.3_Bt fT; Add models from the Model Bi

T

P Ruleset Toggle Load Models on to view

P ves_PRAHA_GOA_V53, (D

P ves PRAHA GOA V53 @ || o,
Saved Model Sets

;
Save this Model Set to reuse it

Search

Fcizan | 0 BAuwes O N @ L B H &

Figure 28: Models contributed to the DBP platform are directly available in Verifi3D

5.3 New Rule Types developed for CHEK project.

5.3.1 Filters and Rules in Verifi3D

Next to a high-performance 3D viewer, Verifi3D offers a Data Viewer that can display both BIM data and check results
in customizable tables. Verifi3D’s Data Viewer supports customization of columns, filtering, grouping and aggregation,
all of which can be saved and shared as Data Views. 3D Viewer and Data Viewer are connected and can be used
together with visualization and measuring tools for manual checking workflows, e.g. for identifying the necessary
features  for  determining  building  height ~and  measuring the  respective  distances.
Fully automated checking is also possible, with Verifi3D’s choice of Rule algorithms for checking well-structured BIM
models, for example for information requirements, geometric clashes, or spatial relations between building elements.
Users can set up rules by selecting an algorithm and set parameters, including filters that select elements. For example,
Verifi3D has an algorithm that can detect whether objects are present or absent within a volumetric space relative to a
building element. In this way, it is possible to detect all external doors that do not have an emergency exit sign above
them. For this check, the algorithm needs to be able to identify all doors that are external, and then calculate a volume
of space in front and on top of the door, and to see whether it contains any element identifiable as emergency exit sign.
Filters in Verifi3D rely on the information available in the BIM models themselves, which contains the elements, their
attributes and relations. For automatic checking of building code it is thus necessary for the BIM models’ ontology to
reflect legal concepts.

For the CHEK project, a series of checking algorithms called “Rule Types” were added to Verifi3D.

D4.6 Tools for BIM based urbanism and accessibility

07/05/2025



(V4 CHEK - 101058559

DIGITAL BUILDING PERMIT

5.3.2  AreaRatio Check - Land Index KPP MAX & Building Index KPPp MAX
The “Area Ratio Check” calculates the ratio between the project area and the gross floor area, and determines whether
it is below the allowable maximum. Rule Sets have been created for allowable ratio KPP MAX (land index) and
maximum permissible ratio KPPp MAX (building index) according to the Prague Building Regulations (PBR).
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Figure 29: Parameter and Filter settings for KPP MAX checking according to PBR

5.3.3 Inner Clearance Check - Ceiling Height
The Inner Clearance Check algorithms is an advanced geometric check that determines for each element of a filter-
selected set of building elements the bottom and top surfaces, which in a room are the floor and ceiling. The surfaces
are determined as triangulations, and overlapping parts of triangles from bottom and top surface are matched. For
each matching overlap the slope and parts above and below the minimum clearance height are calculated. In this way,

it is possible to determine precisely whether the top surface is above the required clearance height and if not, which
proportion of it still meets the requirements.
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Figure 30: Inner Clearance Check, parametrized for Ceiling Height checking according to PBR

5.3.4  Window clearance
The Prague Building Regulation’s requirements for the allowable distance of a window to an existing neighbouring
building include a complex calculation. It starts with a point in the middle of the window, either at its bottom or at 1m
above the room’s floor. A cone is formed around the vertical axis at this point, offset at a degree of 45 degrees from
the vertical, and with dead angles of 25 degrees from the fagade surface. The requirement is met when no neighbouring
building is within this cone in an uninterrupted angle of 45 degrees.

The “Windows Clearance” rule type allows for fully automated checking following this exact calculation.

1

Figure 31: Diagrams for PBR window clearance calculation
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Figure 34: Three-dimensional diagram of dead angles
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Figure 35: Window clearance check parameters according to PBR requirements

5.3.5 Required Amounts Check - Classroom Occupancy
The “Required Amounts Check” establishes that the ratio between two properties of an object is above a minimum
requirement. For the Prague municipality’s Rule Set, it was parametrized to check that the occupancy of classrooms
does not exceed 1.65m? per pupil.

D4.6 Tools for BIM based urbanism and accessibility

07/05/2025




v/

DIGITAL BUILDING PERMIT

CHEK - 101058559

Rule Editor Filter Editor X
IPR-21 S
. Rule Type
Czech Republic Decree No.410 Art. 4-2 ) fcSpace
Required Amounts Check
) ) Properties
In the premises of education Rule Name
and training IPR-19, -20 Room Area per pupil ]
establishments, Property Set Property
excluding outdoor schools and education and training Atributes v [fcEntity v
establishments, o Space Filters Datined On Oparatos
there must be at least 1.65 m per pupil Default v  Equals -
in classrooms, IfcSpace U @ alue ValueType
at least 2 m per pupil in vocational rooms, laboratories IfcSpace (i Text v
and computer rooms, language rooms and written and
electronic communication rooms. In classrooms Pupil Amount Property O
. P Case sensitive
Primary school work activities must have at least 4 m Property Set Property
per pupil. In school implementing an educational Identity Data ¥  Occupancy -
programme for pupils with special educational needs, :
the area per pupil in theoretical classrooms shall be at m jm}
least 2.3 m2.
Floor Area Property Property Set Property
Property Set Property Identitv Data hd Name v
Dimensiens ¥ Area v Defined On Operator
Default hd Equals v
Min Requirement Per Unit Malue ValueType
165 Classroom () Text v

Figure 36: Required Amount Check, parametrized for Classroom occupancy according to PBR

5.3.6  Lift Entry Clearance
Verifi3D'’s existing “Free Space Check” could be used for checking the accessibility of elevator doors.
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Figure 37: Free Space Check, parameterized according to PBR's accessibility requirements for elevator doors
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This deliverable, focused on the development of checking software based on IFC, presents significant advancements
in the digitalisation of the building permit process, aligning with the broader goals of the CHEK project. The desktop-
based and web-based tools introduced in this deliverable, CYPEURBAN, CYPE Accessibility, and Verify 3D, were
specifically developed to support urbanism and accessibility validation, ensuring that municipalities, designers, and
other stakeholders can work within a well-organized and efficient framework for digital project validation and approval.

One of the key achievements is the successful integration of CYPEURBAN, a desktop-based tool that enhances urban
planning compliance. This software allows users to import and validate IFC models against local zoning and land-use
regulations, offering municipalities and designers the ability to automate and streamline their compliance processes.
The functionalities developed for the CHEK project contribute to improving workflow efficiency, ensuring projects align
with local regulations, and accelerating project approvals.

The integration of CYPE Accessibility into the DBP platform has been a crucial advancement in ensuring that
accessibility regulations are embedded into the building permit process from the outset. This tool enables both
municipalities and designers to evaluate project designs against established accessibility standards, ensuring that the
built environment is inclusive and accessible to all individuals, including those with disabilities. The CYPE Accessibility
tool simplifies the process of performing compliance checks by allowing users to assess key accessibility elements,
such as entrances, pathways, and accessible facilities, directly within the 3D BIM model. It also provides real-time
feedback and validation, helping to identify and resolve potential issues early in the design phase.

For Verifi3D, the integration of BIMserver.center amongst its list of platform integrations allows for seamless choice
between (Pre-)checking workflows that involve the DBP platform or other platforms that already mandatory due to the
construction projects’ BIM execution plan.

This deliverable presents significant advancements in the digitalisation of the building permit process through the
development and integration of desktop-based and web-based tools aligned with the goals of the CHEK project.
Specifically, the tools CYPEURBAN, CYPE Accessibility, (merge in CYPE Architecture) and Verify3D have been
designed to support regulatory validation in the fields of urbanism and accessibility, providing municipalities, designers,
and stakeholders with a unified, efficient, and transparent framework for project evaluation and approval.

One of the key outcomes is the improvement of CYPEURBAN, a desktop-based tool that allows users to import and
validate IFC models against local zoning and land-use regulations. Enhanced with new functionalities developed within
the CHEK project—including contextual checks using GIS data, predefined regulation libraries for municipalities like
Vila Nova de Gaia and Lisbon, and interaction with BIMserver.center—CYPEURBAN significantly improves workflow
efficiency and facilitates automated compliance verification: CYPEURBAN — CYPE Software. CYPE Accessibility
contributes to embedding accessibility considerations directly into the design and permitting process. The tool enables
the evaluation of accessibility elements—such as circulation routes, ramps, lifts, and bathrooms—by validating IFC
models against national and regional standards. CYPE Accessibility — CYPE Software

Both tools have been successfully embedded into CYPE Architecture, CYPE’s free BIM modelling environment, which
now supports real-time regulatory checks within the design workflow. This integration not only streamlines compliance
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management but also decentralizes the creation and maintenance of regulations, giving municipalities the autonomy
to manage their own rule sets: CYPE Architecture — CYPE Software

Verifi3D’s has been successfully integrated with new generic Rule Types that can be used for a variety of checks,
including building regulations. For the municipality of Prague, a Rule Set is available that allows for fully automated
checking, partially replacing complex 2D calculations with three-dimensional, BIM-based and fully automated checks.

By connecting these tools to the Digital Building Permit (DBP) platform via BlMserver.center, the CHEK project
demonstrates how automation, open standards, and integrated workflows can radically improve the building permit
process. The use of IFC-based models ensures interoperability and data consistency, while the DBP platform provides
a collaborative digital environment for exchanging compliance results between designers and municipal authorities.
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