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18. abstract 
According to the current state of the art, conventional automation is insufficient to ensure the safe and reliable perception of the 
environment and obstacle detection required for driverless trains. Artificial intelligence offers great potential in this context but also 
presents significant challenges—particularly because, to date, there are no concrete norms, standards, or established 
development processes for AI-based perception systems. 
The safe.trAIn project therefore aimed to develop the foundations, methods, and standards for the safe deployment of AI-based 
perception systems in regional train operations, thereby creating the prerequisites for fully automated train operation (GoA3/4). 
The project sought to support the transformation of transport, advance the german government’s climate protection goals, and 
strengthen the technological sovereignty of germany and europe in the field of safety-critical AI applications. Furthermore, the 
standards developed within the project were intended to foster innovation, increase competitiveness, and ensure european and 
international interoperability. 
To achieve this, the project focused on analyzing existing norms, standards, and regulations, as well as developing a safety 
architecture with defined safety requirements and a system under test (SuT), complemented by a safety assurance concept as a 
basis for certification or conformity assessment. Additionally, metrics and test criteria for system verification were defined, and a 
Virtual Testfield (VTF) with an aligned test strategy and concept was established to simulate realistic scenarios and evaluate the 
robustness of the AI. Complementary concept assessments were conducted, and two project-specific standards for AI systems in 
rail transport were developed to harmonize requirements, test procedures, and safety criteria, ensuring the transferability of results 
to other applications. In this way, a robust foundation was created for standardization work, supporting the safe implementation of 
AI technologies in rail transport. 
Moreover, the various dissemination measures within the project contributed to effective public communication, knowledge 
transfer, exchange with relevant stakeholders from science, industry, and standardization, and strengthened broad acceptance 
and support for the developed standards. 
Overall, the project made a significant contribution to the advancement of automation in rail transport by creating the prerequisites 
for the deployment of driverless regional trains. The approaches and project-specific standards developed strengthen the safe 
application of AI-based perception systems and simultaneously promote harmonization, interoperability, and transferability across 
Europe and internationally. In this way, a solid foundation was established on which future standardization activities can build. 
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