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Abstract
The advent of large language models constitutes a new information technology
revolution, with their applications infusing new vitality across various indus-
tries. This paper focuses on the application of large language models in the
maritime domain, proposing their prospective applications as well as associated
risks and challenges, aiming to provide guidance for the intelligentization and
informatization of maritime operations. First, this paper introduces the con-
cept and development trends of large language models. Second, it explores the
broad application prospects of large language models in maritime contexts, en-
compassing maritime education and training, shipboard documentation manage-
ment, navigational assistance, and the analysis and synthesis of lessons learned
from maritime accidents. Concurrently, it identifies critical issues requiring res-
olution in maritime large language model research, including the provision of
medical advice aboard vessels, integration of multimodal data, fulfillment of
high data security requirements, delineation of liability boundaries, and chal-
lenges in aligning with practical maritime needs and application scenarios. The
rapid development of large language models will undoubtedly inject new vitality
into the maritime domain.
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Abstract

The advent of large language models represents a new information technology
revolution, bringing renewed vitality to all industries. This paper focuses on the
application of large models in maritime navigation, proposing both prospects
and risk challenges to provide references for the intelligentization and informa-
tization of the maritime field. First, we introduce the concept and develop-
ment trends of large language models. Second, we explore broad application
prospects in maritime navigation, including navigation education and training,
ship library and data management, ship-assisted navigation, and reflection on
maritime accident lessons. Simultaneously, we identify key issues requiring res-
olution in maritime large language model research, including providing medical
advice for ships, integrating multimodal data, meeting high data security re-
quirements, clarifying responsibility boundaries, and addressing the difficulty
of aligning with actual navigation needs and application scenarios. The rapid
development of large language models will undoubtedly inject new vitality into
the maritime domain.

Keywords: Large Language Model (LLM); Intelligent navigation; application
prospect; risk challenge

1. Introduction
Since the beginning of the 21st century, artificial intelligence technology has
achieved remarkable progress, with deep learning methods significantly improv-
ing algorithmic performance across various traditional domains, particularly in
natural language processing [1]. In November 2022, OpenAI released ChatGPT
(Chat Generative Pre-trained Transformer), a natural language processing tool
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based on large language models (LLM), triggering a new wave of artificial intel-
ligence. Compared with traditional chatbots, ChatGPT demonstrates superior
language understanding and text generation capabilities, substantially broaden-
ing its application scope [2,3]. In scenarios such as text generation, knowledge
retrieval, and polishing translation, ChatGPT has reached a professionally us-
able level. Following ChatGPT’s success, domestic and international teams
have successively explored large language models with different implementations
and application domains, developing corresponding chatbots such as Huawei’s
Pangu series, Google’s Bard [4], Tsinghua University’s ChatGLM [5], Baidu’s
Wenxin Yiyan [6], Alibaba’s Tongyi Qianwen [7], and iFlytek’s Spark Model.
These teams have deeply explored vertical domains including office work, educa-
tion, automotive, and healthcare, uncovering further potential of large language
models [8].

Today, large language models have been widely applied across thousands of
industries. In the shipping industry, China’s Ministry of Transport and six
other ministries jointly issued the “Guiding Opinions on Intelligent Shipping
Development.”Intelligent shipping represents a new modern shipping business
form that deeply integrates traditional shipping elements with modern infor-
mation, communication, sensing, and artificial intelligence technologies. Large
language models constitute an indispensable key technology for realizing intel-
ligent shipping. This paper focuses on the application of large models in the
shipping industry, proposing nine application scenarios including maritime edu-
cation and training, navigation book and data management, and collision avoid-
ance decision-making assistance. Simultaneously, we emphasize the risks and
challenges brought by large models as an emerging technology, hoping to pro-
vide references for maritime researchers investigating large model applications
in the navigation field.

2. Development History of Large Language Models
Large language models are considered one of the key technologies for future artifi-
cial general intelligence [9]. A language model (LM) is a technique for modeling
the generation probability of word sequences, with its primary goal being to
estimate the probability distribution of the next word or character given a con-
text [10]. Language models can measure the linguistic plausibility of a sentence
and are applied in various natural language processing (NLP) tasks. Language
models play an important role in NLP, with two illustrative applications being:
(1) Natural language generation evaluation: In tasks such as machine trans-
lation and text summarization, language models can assess whether generated
sentences conform to human language patterns by calculating sentence probabil-
ities. Sentences with higher probabilities in the language model are considered
more consistent with human language habits, thereby improving the quality of
natural language generation systems. (2) Corpus statistical analysis: Language
models can analyze large corpora, learning relationships between words and
contextual information through statistical modeling. These statistical methods
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help us understand language patterns and characteristics, providing linguistic
knowledge for other natural language understanding models. For instance, lan-
guage models can calculate word co-occurrence frequencies and predict the next
possible word, assisting in information retrieval and text classification tasks.

Language models can be categorized into statistical language models and neu-
ral network language models. Statistical language models use n-gram statistical
methods to improve performance in retrieval and other tasks [11], while neu-
ral network language models can effectively utilize distributed word vectors to
model contextual relationships in language.

2.1 Large-Scale Pretrained Language Models

In 2017, Google introduced the Transformer, a feature extractor employing
self-attention mechanisms [12]. This innovation replaced previously common
structures such as convolutional neural networks (CNN) and recurrent neural
networks (RNN) in language model research. The Transformer architecture en-
hanced natural language understanding capabilities and enabled deeper seman-
tic representation. By adopting self-attention mechanisms and stacked encoder-
decoder structures, this architecture significantly surpassed CNNs and other
deep learning models in semantic feature extraction and task-specific feature
extraction. Its advantage lies in simultaneously considering both global infor-
mation and local dependencies in text, thereby better capturing contextual and
semantic connections.

The Transformer model consists of an encoder and a decoder, where the en-
coder processes input information and the decoder transforms encoded informa-
tion into output results. Compared with traditional methods, the Transformer
model can attend to contextual information simultaneously and trains more ef-
ficiently. Based on the innovative Transformer concept, a series of derivative
methods have emerged, including Bidirectional and Auto-Regressive Transform-
ers (BART) and Text-to-Text Transfer Transformer (T5) [13]. BART expands
the model’s reasoning space by introducing noise to decompose original training
texts, while T5 uses a complete Transformer structure as a pretrained language
model, converting various problems into a text-to-text format.

Currently, Transformer-based language models follow two main technical
paradigms: pretraining + fine-tuning (represented by BERT) and pretraining
+ prompting (represented by ChatGPT). Additionally, a series of new models
using only partial Transformer structures have emerged, including encoder-
based and decoder-based models. These developments have created vigorous
growth opportunities for the large-scale pretrained language model field. Their
relationships are illustrated in [Figure 1: see original paper].

2.2 Trends in Large Language Model Development

Multimodality: Large language models are beginning to integrate multiple
data types including text, speech, video, and images, gradually evolving into

chinarxiv.org/items/chinaxiv-202511.00173 Machine Translation

https://chinarxiv.org/items/chinaxiv-202511.00173


more complex models that exhibit higher-level intelligence.

Rationalization of Model Scale: Initially, large language models improved
performance by increasing model scale, but the trend is shifting toward balanc-
ing model scale with economic costs.

Shift from Model Research to Model Application: Large language mod-
els are no longer confined to basic model research but are actively developing
model ecosystems and expanding applications in domains such as government
affairs.

3. Applications of Large Language Models in Maritime
Navigation
3.1 Maritime Education and Training

ChatGPT can generate teaching content such as lecture notes, textbooks, and
case analyses to meet maritime education needs [14,15]. It can also provide
personalized learning resources based on students’needs and knowledge levels,
helping them better understand and master maritime knowledge [16]. Further-
more, it can automatically generate maritime examination questions, reducing
teachers’workload while ensuring question quality and accuracy. Additionally,
it can recommend relevant learning resources based on students’learning situ-
ations and preferences, enabling personalized learning path recommendations.

AI technology combining ChatGPT with metaverse, virtual reality, and aug-
mented reality can drive innovation in maritime education [17,18]. Students
can simulate actual maritime operations and situation handling through vir-
tual scenarios, interact with virtual crew members [19], and conduct real-time
maritime practice training and decision-making exercises. In this process, Chat-
GPT serves as a virtual mentor for students, providing guidance, feedback, and
answers to questions, thereby enhancing learning effectiveness and practical
abilities.

Maritime education involves extensive knowledge domains, and large language
models can help students quickly acquire and understand complex maritime
knowledge. Through natural language processing technology, large language
models generate teaching materials, provide intelligent Q&A, and offer person-
alized learning suggestions, achieving personalized and efficient maritime edu-
cation. Simultaneously, they assist maritime instructors in teaching evaluation
and knowledge point mastery. By analyzing students’learning situations and
knowledge levels, teachers can better guide students and improve the quality of
maritime teaching.

3.2 Ship Library and Data Management

Navigational books and materials are voluminous and complex, making effective
management and knowledge retrieval challenging. For instance, when seeking
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operational steps for activating a specific function in navigation equipment man-
uals, ChatGPT enables users to input the manual into a large language model
and obtain knowledge through questioning, providing a simple and rapid solu-
tion.

Moreover, ChatGPT can automate reading and knowledge extraction from mar-
itime literature [20]. It can read maritime documents and generate concise sum-
maries that capture main content, helping researchers quickly grasp key points
and saving reading time. Additionally, based on user questions, ChatGPT can
extract relevant knowledge from maritime literature and provide answers [21],
assisting researchers in rapidly locating and utilizing knowledge within docu-
ments [22].

Large language models demonstrate significant advantages in processing mas-
sive amounts of maritime literature, voyage records, and navigation reports
[23]. They can efficiently perform text summarization, entity recognition, and
relationship extraction, helping maritime researchers quickly extract valuable
information from large text corpora. Such automated text processing acceler-
ates maritime knowledge accumulation and exchange. Furthermore, large lan-
guage models hold potential advantages in knowledge graph construction and
maritime knowledge base updating. By processing multi-source maritime data,
large language models can help build more comprehensive and accurate knowl-
edge graphs and knowledge bases, promoting in-depth maritime research.

3.3 Ship-Assisted Navigation

ChatGPT large language models can provide decision-making suggestions for
ship navigation. Maritime navigation is highly complex, requiring captains to
develop personalized maneuvering and decision-making plans based on different
situations. Large language models possess powerful predictive and classification
capabilities, and when combined with specific ship information and rich naviga-
tion data, they can provide customized navigation decision support to improve
operational effectiveness. presents a case where the authors used ChatGPT to
obtain collision avoidance decisions.

3.4 Maritime Accident Lesson Reflection and Summarization

Combined with speech recognition technology, ChatGPT can converse with crew
members in dialogue form to obtain detailed information about ship accidents.
Simultaneously, large models can assist in tasks such as determining respon-
sibility attribution based on specific on-site conditions, as shown in . After
maritime accidents occur, ChatGPT can dialogue with crew members, asking
questions about crew conditions, weather conditions, and crossing traffic situa-
tions. It can collect, classify, and integrate accident information from multiple
sources faster than humans, enabling maritime regulatory authorities to more
comprehensively understand accident circumstances and providing a foundation
for subsequent accident lesson summarization and responsibility allocation.
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3.5 Providing Medical Advice for Crew

Research on large language models in the medical field is developing rapidly.
Medical domain large models such as Bencao and Mingyi can provide more
professional medical advice, and specialized large language models for medical
vertical domains, such as MedChat for vertigo treatment, are also rapidly evolv-
ing.

Large language models can play the role of professional doctors, providing phys-
ical and mental health support for crew members [24]. For crew members’
potential questions regarding medical conditions, treatment methods, and drug
side effects, ChatGPT can provide answers and explain medical terminology [25],
enabling them to accurately administer medication and promptly assist injured
personnel without professional medical support. Additionally, ChatGPT can
provide health education [27] and rehabilitation guidance [28] to crew members,
helping them better manage their recovery process and accelerate healing [29].

3.6 Maritime Law Domain

Large language models can combine maritime cases with admiralty law to ana-
lyze cases, sort out case clues, and provide decision support for judges.

3.7 Communication Message Understanding

Large language models are not limited to text tasks. Through multimodal de-
velopment, they can combine with speech recognition tasks. By inputting VHF
maritime communication audio, large models can organize maritime situations,
help officers enhance situational awareness, and automatically generate VHF
logs, providing more support for navigation records.

3.8 Maritime Environment Perception

Combined with image recognition technology, large language models can analyze
information about sea conditions, obstacles, and vessels to organize maritime
traffic situations, predict collision risks, and provide reasonable navigation de-
cisions based on the International Regulations for Preventing Collisions at Sea
(COLREGs). By integrating ship historical data and existing weather forecast
information into text input for large models, they can perform reasoning based
on databases and historical routes to provide optimized navigation routes.

4. Problems to be Addressed in Maritime Large Language
Models
4.1 Enriching Multimodal Data

Humans use multiple senses to receive multimodal information, enabling effec-
tive cognition and task processing. The same applies to large language mod-
els. Currently, large language models primarily rely on textual information,
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and multimodal information input can supplement knowledge and enable more
tasks. Presently, large language model applications in the maritime domain
concentrate on text processing scenarios, yet maritime data encompasses not
only text but also video, images, and voice data. Domestic and international
products such as GPT-4, KOSMOS-1 [30], and Chinese products like “Wenxin
Yiyan”and“Tongyi Qianwen”already support multimodal data processing. Fu-
ture research in the maritime domain must investigate large language model
applications for processing video, image, and voice data types.

4.2 Meeting High Data Security Requirements

Since maritime data involves personal privacy and commercial confidentiality,
data privacy and security issues must be considered when applying maritime
large language models. These concerns include data leakage, unauthorized data
access, and data misuse. Maritime data contains sensitive ship information such
as MMSI, ship call signs, and trajectory data, necessitating effective protective
measures. Solutions include using data encryption technologies to protect data
transmission and storage, establishing strict data access and permission control
mechanisms to authorize only specific personnel to access sensitive data, and
formulating appropriate data sharing policies and contracts that clearly define
data usage purposes and limitations while maintaining consistency with rele-
vant laws and regulations. Additionally, large language models may generate
large amounts of convincing but unsourced content within short timeframes,
making responses appear highly credible while actually lacking reliable founda-
tions, which can seriously mislead users with lower critical judgment capabilities.
Therefore, enhanced monitoring and auditing of data security are required to
promptly detect and respond to security vulnerabilities and threats.

4.3 Clarifying Responsibility Boundaries

In ship management, the captain, as the primary decision-maker, bears respon-
sibility for decisions made. However, when captains use large language models,
they may face situations where responsibility is difficult to define. First, large
language model outputs are unpredictable, making it challenging for captains
to make reasonable decisions based on these outputs. Second, large language
models are trained on existing data, essentially learning existing knowledge
and performing reasoning, which makes it difficult for them to make rational
judgments about emergency handling and future trend prediction in maritime
scenarios. Finally, ship decision-making is based on the principle of “maximiz-
ing ship interests,”while large language models represent machine will; whether
they can reflect the captain’s will remains to be verified. The “Interim Mea-
sures for the Management of Generative Artificial Intelligence Services”stipu-
lates that providers should “improve the accuracy and reliability of generated
content and take effective measures to enhance the transparency of generative
artificial intelligence services.”In practical large language model usage, respon-
sibility boundaries must be clarified, the alignment between model decisions
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and human decisions must be reasonably defined, machine will and captain will
must be correctly distinguished, and maximum effort must be made to enable
large language models to make decisions consistent with the public will of the
ship. Researching human-in-the-loop decision-making processes is a promising
approach to ensure final decisions are made by humans, avoiding errors and
information mismatches caused by AI hallucinations.

4.4 Disconnect from Actual Maritime Needs and Application Scenar-
ios, Difficult Implementation

The maritime domain is highly complex and specialized, requiring in-depth mar-
itime knowledge and professional judgment. While large language models may
demonstrate excellent general language understanding capabilities, their under-
standing of maritime domain-specific knowledge and professionalism remains
limited. This makes applying large language models to decision support and
on-site guidance in maritime scenarios challenging, as illustrated by the experi-
ments referenced in .

5. Conclusion
Large language models represented by ChatGPT and DeepSeek possess applica-
tion potential in numerous maritime-related domains including maritime educa-
tion, navigation book and data management, assisted navigation, and maritime
accident lesson summarization, with the capability to reshape maritime industry
service models. Although facing many challenges in technology, law, security,
and social issues, the advent of large language models has already initiated
major transformations in the maritime domain. Only by keeping pace with
technological development trends can we ride the wave and achieve success.
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