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Ontology-Guided Robot Onboarding and Capability
Access through GraphQL for Robotic Construction

Problem Statement

Robotic construction systems require reliable access to information about available
robots, their components, sensors, capabilities, physical limits, and runtime status.
However, this information is often distributed across heterogeneous sources. Robot
geometry and kinematics are commonly described in URDF files, technical
specifications are stored in datasheets, and semantic knowledge may be represented in
robotics ontologies. As a result, each new robot often requires custom integration work
before it can be used in task allocation, simulation, or monitoring workflows.

This thesis investigates how a GraphQL-based developer interface can provide unified
access to heterogeneous robot information within a robotic construction infrastructure.
The core idea is to design a GraphQL schema that exposes frontend- and service-
friendly queries for robots, components, capabilities, deployments, and runtime status,
while being grounded in existing robotics ontologies. The schema should hide
unnecessary ontology complexity from application developers while preserving enough
semantic structure to support downstream use cases, such as capability-based task
allocation.

In addition, the thesis develops an ingestion pipeline that maps information from URDF
files and robot datasheets into the GraphQL-accessible data model. The goal is to make
robot onboarding more structured, repeatable, and less dependent on manual glue
code. The thesis evaluates whether such an ontology-guided GraphQL interface can
reduce integration effort and improve consistency when adding new robots to a robotic
construction backbone.

Preliminary Research Questions

1. How can an ontology-guided GraphQL interface support structured and reusable
onboarding of heterogeneous robots for robotic construction applications?

2. Which core concepts are required in a GraphQL schema to represent robots,
components, joints, sensors, frames, measurements, units, capabilities,
deployments, and runtime status?

3. How can existing robotics ontologies inform the GraphQL schema without
exposing unnecessary ontology complexity to frontend and service developers?

4. How can information from URDF files and robot datasheets be transformed into
structured robot profiles that conform to the GraphQL schema?



5. How can the GraphQL APl remain independent of the underlying data
representation, such as RDF/SPARQL stores, relational databases, document

stores, or existing microservices?

6. To what extent does the resulting interface provide the information required for
capability-based task allocation in robotic construction scenarios?

Related Works
GraphQL specification: https://spec.graphgl.org/September2025/

URDF specification: https://wiki.ros.org/urdf/XML

Requirements

Applicants should have solid programming skills in TypeScript/Node.js or Python and
should be comfortable with APl engineering and data modeling. Experience with
GraphQL, ROS/URDF, RDF, SPARQL, or ontology modeling is beneficial but not
mandatory.
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