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Background

Designers generate vast amounts of data across disciplines, stored in Common Data
Environments (CDEs) and project repositories. These include 2D/3D CAD drawings, BIM
models, and associated metadata. Despite this wealth of information, design teams often
recreate components from scratch due to a lack of a structured component library or due to
difficulties finding the right component, e.g., reusable design elements such as blocks, families,
parametric objects, or grouped assemblies commonly used in CAD and BIM environments
(Jang and Lee 2024; Cao et al. 2022).

Leveraging Artificial Intelligence (Al) to automatically identify, extract, and recommend reusable
design components from past projects presents a significant opportunity. As the architecture,
engineering, and construction (AEC) industry moves towards more data-driven and sustainable
workflows, there is increasing demand for intelligent tools that promote design reuse and
standardization. By analyzing patterns and relationships within design components together
with contextual metadata (Langenhan et al. 2013), Al systems can surface relevant components
at the right time, promoting standardization, reducing redundancy, and accelerating design
cycles (Li et al. 2020). Over time, such systems should be able to learn from user behavior and
improve their recommendations, enabling more informed and sustainable design decisions (Du
et al. 2025).

This master thesis will be conducted in cooperation with Bentley Systems and co-supervised by
an employee.

Objectives

The student shall investigate and develop methods for automatically identifying and
recommending reusable design components from past projects. The system should:

e Analyze geometry and semantics from BIM models to detect reusable components.

e Leverage Al/ML techniques to cluster and classify reusable components

o Provide contextual recommendations to designers during the design process.

e (optional) Continuously refine recommendations based on feedback and evolving design
practices.
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Expected Outcomes

o Scientific master thesis with comprehensive analysis of both unsupervised and
supervised artificial intelligence and machine learning techniques to extract design
components from native design files.

e Working prototype capable of

o identifying and extracting design components from a sample of native design files
and
o recommending relevant components during the design process.

o Evaluation of output quality and accuracy against manually created components.
Prerequisites

e Programming skills in Python or similar languages.
e Basic understanding of Al/ML concepts (e.g., supervised vs unsupervised learning).
e Familiarity with BIM/CAD data formats and modelling is a plus.

Supervisors

o Stefan Fuchs, Chair of Computing in Civil and Building Engineering,
stefan.m.fuchs@tum.de

e Georgios Pavlidis, Product Management Group, Bentley Systems,
georgios.pavlidis@bentley.com
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