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Abstract: To meet the development needs of the new generation of waterborne transportation
systems and intelligent ships, the current status of software-defined technology and its
application in intelligent ship navigation control were reviewed. A centralized software-defined
intelligent ship navigation control architecture was constructed, featuring a four-end, three-layer
structure, composed of user, cloud-control, ship, and shore-based terminals, as well as
application, control, and device layers. This architecture migrates decision-making and control
functions to software modules deployed on a cloud-control terminal or a local server, thus
enabling software-based, modular, and service-oriented implementation of these functions. The
results indicate that this architecture offers significant advantages. At the system level, the
architecture achieves high structural flexibility, reconfigurability, and scalability, which
substantially reduce system maintenance costs. At the functional level, the architecture supports
rapid iteration of control algorithms, online upgrades, and on-demand deployment. At the
operational level, the architecture supports flexible switching among multiple control modes,
including assisted driving, remote control, and autonomous navigation. A case study of an
intelligent navigation control system for an unmanned surface vehicle validated the architecture’s
ability to effectively support navigation tasks ranging from basic to complex, demonstrating
comprehensive capabilities in high-precision control, scalable formation collaboration, and
network-resilience defense. The proposed software-defined intelligent ship navigation control
framework provides an open, intelligent, and sustainably evolving paradigm, offering critical
support for a new-generation shipping system to realize an operating model where shore-based
control serves as the primary mode, supplemented by onboard watchkeeping.
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Fig. 1 Software definition application field
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Table 1 Application fields, scenarios and features of software definition
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Table 2 Classification of intelligent navigation levels for ships
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