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Problem Statement

Construction robotics requires integrating heterogeneous information from building
models, construction tasks, robotic agents, sensors, execution feedback, and
process planning systems. In our project for Robotic Construction, these concepts are
currently represented in an object-oriented data model described in UML that structures
core entities, including Project, Model, Building Element, Task, Workflow, Robot,
Capability, Feedback, and service components.

While this model is useful for software-oriented system design, it does not provide
sufficient semantic interoperability. UML describes structural relations between system
components, but it does not formally define how these concepts relate to established
knowledge models in building information modeling, construction processes, robotics,
sensing, task execution, and provenance tracking. As a result, it remains difficult to
compare the current data model with existing ontologies, identify missing or ambiguous
concepts, and support ontology-based validation, reasoning, or querying.

Existing ontologies already cover relevant parts of this domain. For example, BOT
provides a minimal vocabulary for building topology, including sites, buildings, stories,
spaces, zones, and elements. OBRNIT addresses BIM-based robotic navigation and
inspection tasks and explicitly covers concepts for robots, buildings, navigation, and
inspection. BIRS focuses on semantic data exchange between BIM/GIS and robotic
navigation systems on construction sites. SOSA/SSN provides standard concepts for
sensors, observations, actuators, actuations, procedures, and features of interest.
PROV-O supports provenance modeling across entities, activities, and agents.

Research Objective

The objective of this thesis is to develop, document, and evaluate an ontology for the
Information Backbone for Robotic Construction. The ontology shall be derived from the
existing UML data model and aligned with selected existing ontologies from the domains
of BIM, construction processes, robotics, sensing, and provenance. The resulting
ontology shall be implemented in a standard ontology modeling environment, such as
Protégé, and evaluated using a small prototype scenario involving semantic querying,
consistency checking, and workflow validation. Furthermore, a holistic transformation
framework should be developed that supports loading different existing representations,
such as BIM models and schedules, to be represented in UML according to the ontology.



Preliminary Research Questions

1. How can the existing UML data model be transformed into an ontology-based
semantic model alighed with existing building models, robotics, task, process,
sensing, and provenance ontologies, while remaining suitable for
implementation within the information backbone?

2. Which existing ontologies are most relevant for representing the core concepts of
the data model?

3. How can the existing UML-based data model be systematically transformed into
an ontology-based semantic model?

Related Works

- BOT: https://w3c-lbd-cg.github.io/bot/
- BIRS:
o Link: https://www.itcon.org/papers/2021_29-SI-ITcon-Karimi.pdf
o Related arXiv: https://arxiv.org/abs/2104.10239
- SOSA:
o Link: https://www.w3.org/TR/vocab-ssn/
o 2023/2025 edition: https://www.w3.0rg/TR/vocab-ssn-2023/
- PROV-O: Link: https://www.w3.org/TR/prov-o/
- Orbnit:
o Link: https://github.com/OBRNIT/OBRNIT
o Paper: https://www.mdpi.com/2075-5309/14/8/2274

Requirements

Applicants should have solid programming skills and should be comfortable with data
modeling. Experience with RDF, SPARQL, or ontology modeling is mandatory.

This Thesis is especially suitable for ITBE students, as passing the course “Semantic
Modeling” with a grade of 2.3 or higher is required.
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