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Maritime Autonomous Surface Ships (MASS) are expected to improve safety, efficiency, and sustainability in the maritime
industry. However, their complex nature poses significant challenges to traditional assurance practices designed for
conventional vessels. While current research on MASS predominantly focuses on the technological development of
individual subsystem, studies dedicated to systematic testing, verification, and validation (TVV) methods remain
underrepresented. Specifically, there is a lack of comprehensive TVV framework tailored to MASS.

This study aims to propose a structured TVV framework supporting the assurance of MASS. This study conducts a
comprehensive review of state-of-the-art and advanced TVV methods used in both the maritime domain and other
industries involving autonomous systems, such as automotive and aerospace. The reviewed approaches include
traditional verification and validation methods, techniques for machine-learning-based systems, simulations, as well as
lab- and full-scale testing. These methods are mapped to the subsystems of a reference MASS architecture to identify
coverage, overlaps, and existing gaps. Based on this mapping, a conceptual TVV framework is proposed to support an
integrated assurance process for MASS, which serves as a foundational step towards developing a standardised, system-
level approach to the assurance of autonomous maritime systems, promoting safer and more reliable deployment of
MASS technologies.
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