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Abstract - The organizational structures of Maritime
Engineering blueprints serve as vital documents in the ship's life
cycle, from its design, construction, building, maintenance, and
legal compliance. These documents are stored in legacy physical
or antiquated digital systems, which are prone to degradation,
loss, and retrieval inefficiencies. This work proposes a digital
archive dedicated to the Ilong-term preservation and
safeguarded access of maritime engineering blueprints. The
proposed framework strives to solve crucial problems like large
format files (CAD and BIM models), metadata uniformity,
effective management, long-term preservation, and retrieval.
This investigation starts with a review of existing systems based
on metadata standards for digital archiving engineering
documentation. Subsequently, the design of the modular
framework is based on a metadata schema that incorporates
Dublin Core and MARC21 with maritime domain-specific
extensions. The architecture uses open-source system
components to provide horizontal storage scalability, indexed
searchability, and role-based access control. A prototype system
was developed based on Space with customizations to support
blueprint digitization workflows, such as high-speed multi-page
document scanning, optical character recognition (OCR), and
format conversions. Evaluation of the system demonstrates
improved blueprint retrieval times, precision of maritime
metadata, and overall satisfaction among users. The framework
has promising features for incorporating other emerging
technologies, such as blockchain for versioning and Artificial
Intelligence for auto-classification of engineering documents.
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l. INTRODUCTION

The maritime engineering blueprints of a vessel serve as the
primary building blocks of a vessel's lifecycle. It is
fundamental for a ship's design, construction, retrofitting, and
maintenance. These blueprints are more than just static
blueprints: they tell the story of shipbuilding and aid not only
in system development but also in developing structural
layouts, piping, electrical diagrams, and even propulsion
plans. Such assets are registered and referred back over the
course of a vessel's lifetime (Malhotra & lyer, 2024; Banerjee
& Kapoor, 2024). These records are captured during safety
audits, reliability checks, design compliance checks, and

even real-time troubleshooting during  operations
(Bhagyalakshmi et al., 2023). The records span the DNA of
a vessel and the entire lifecycle, starting from basic laser-
level drafting to decommissioning. However, these essential
documents have been managed using traditional methods.
These documents are placed in filing systems and archival
rosters with significant risks like decay, environmental
hazards, and destruction. The physical storage of traditional
documents poses severe consequences. Their digitized
equivalents are poorly indexed, which makes retrieval slow
and cumbersome (Green & Courtney, 2015). Numerous
documents contained within poorly designed, non-
interoperable silos undermine efficient information exchange
(Burgess et al., 2016). With the increasing technology
integration on vessels alongside regulatory scrutiny, seamless
access to holistic technical documentation became necessary.

In response to these problems, the maritime industry has put
more effort into engaging with digital transformation
(Ghanbari & Abtin, 2016). A solution framework for a
maritime engineering blueprints archive within the digital
library system is specialized (Zhang, 2024). These systems
preserve digitized and centralized blueprints to be
significantly accessed and reliably over time while
maintaining their usability and fidelity regarding important
information (Singh & Katiyar, 2024). Some essential
components may include tagging system metadata,
versioning control, sophisticated retrieval, and links to
standards and design system frameworks (Neudecker et al.,
2019). This improves operational productivity and enhances
compliance, administration, and integration with other
shipyards, naval architecture firms, classification societies,
engineering consulting firms, and other stakeholders. In
short, the limited access of modern data infrastructure
policies has the potential to improve safety, innovation, and
sustainability in maritime operations.

Problem Statement

e Engineering drawings related to maritime
engineering contain traces of information stored in
archaic technology systems, hard copies, or soft
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copies without adequate metadata, and they are
challenging to navigate.

e The current CAD and BIM libraries with integrated
archives lack a foundational categorization and
arrangement structure, leading to fragmentation.

e These roadblocks impede collaboration, slow
operations, and undermine compliance regulations
and data preservation protocols.

1.1 Motivation

e To develop a secure, scalable, centralized digital
library that systematically stores maritime
engineering blueprints with complete preservation
for easy access.

e To improve accessibility, modern file formats,
metadata standards, and role-based access control
for information retrieval and usage aid efficient
resource management.

e To advance operational efficiency, compliance with
regulations, and digital transformation in the
maritime industry.

1.2 Research Objectives

The primary objectives of this research are:

e Qur goal is to create a digital library to save
blueprints for marine engineering projects. We will
consider specific issues with file formats, size, and
accessibility.

e To implement stringent storage solutions, disaster
recovery procedures, and access control measures to
guarantee the safe and secure retrieval of
engineering documents over the long term.

e Topromote metadata standards and interoperability,
maritime-specific  modifications to industry-
recognized schemas (such as MARC21 and Dublin
Core) that allow for smooth integration with other
platforms and systems will be used.

Il. LITERATURE REVIEW

Digitalizing information concerning engineering activities
and the need for its hierarchical storage, retrieval,
preservation, and dissemination has considerably furthered
the concept of digital libraries in engineering in the past
years. The digital libraries of this sector function as storage
units for numerous technical documents, scholarly works,
engineering designs, and even CAD models, which are
crucial for developing engineering expertise. Such libraries
enhance access to essential materials and enable
collaborative teamwork and knowledge dissemination among
engineers, researchers, and people from other industries.
Nevertheless, some problems still exist within digital
libraries, especially relating to the issues of persistent
preservation, access control, and data cross-platform
usability. Despite the fact that the rate of information
technologies has increased the possibility of acquiring
information, maintaining it in a usable condition without
incurring damage for subsequent generations, particularly in
the context of specialized engineering data which may
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involve specialized formats or proprietary software, remains
a focus of considerable effort and ingenuity.

Both archival standards and metadata have one of the most
significant impacts on managing and retrieving documents
stored in digital libraries (Park & Tosaka, 2010). Standards
like Dublin Core and MARC21, along with METSs, are
accepted in various fields, including Engineering, for
uniformity in how documents are catalogued, stored, and
accessed across systems. For example, Dublin Core offers an
uncomplicated but efficient metadata framework that can
depict various content types; MARC21 is designed for
bibliographic information, while METS specializes in
complex multi-file engineering documents (Gupta et al.,
2021). Dublin Core, MARC21, and METS are examples of
metadata standards alongside a schema that allows data
inside large repositories to be easily searched for and found,
enabling proper knowledge management (Alkarim & Hassan,
2024). However efficient these standards may seem, they still
have to tailor engineering data to accommodate
characteristics of engineering data, elaborate document
structures, or even non-standard formats encountered, which
forces constant changes along refinement of metadata
techniques.

In the context of maritime-specific archiving needs, these
challenges are even more pronounced due to the nature of the
documents being archived. Maritime blueprints, which often
include detailed ships, platforms, or machinery designs, can
be complex and voluminous. These documents are typically
stored in Computer-Aided Design (CAD) formats, which
involve high-resolution images, intricate schematics, and
large file sizes. Managing these CAD files could be
particularly difficult from an organizational and storage
perspective since they often exceed hundreds of megabytes
and can even reach gigabytes. Since these documents are
data-rich and contain specialized software, the volume of data
needs to be protected through access controls and guarded by
strict security measures regarding where they are stored.
Custom file cabinets for these documents must be created to
provide unparalleled storage capabilities while shielding
these documents from unauthorized sensitive information
breaches. Such access comes with an even greater degree of
risk-altering of the data, losing charter reliability principles
over time, and software hurdles. Once cross-sectioned with
the challenge of thwarting improper modifications, the
intricacy level soars, surmounting all challenging filing
parameters for protection. Other attempts to protect these
files have incorporated other challenging filing parameters,
such as dynamic shelving (Conway, 2010) with address-
based conventions conceived in shifting (Dice, 2018). The
aim of this research, which underlined digitization
techniques, was devoted to the pursuit of methods for
creating reproducible and quantifying document spaces,
enabling advanced compression strategies to be integrated
with file optimization, and enhancing the construction of
custom metadata architecture. Also, (Rojas & Garcia, 2024)
reported on the study regarding advanced storage systems to
enable quick access to large, high-resolution files. With
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respect to control measures, several methods have been
developed to protect confidential blueprints using encryption,
secure authentication, and role-based access control systems.
These methods protect sensitive information while enabling
authorized users to access and manipulate the protected
blueprints in an optimal manner. Together, these
technologies provide a comprehensive and enduring response
to the maritime industry’s needs for blueprint digitization,
critical engineering data preservation, enhanced accessibility,
and stringent access control management.

111. METHODOLOGY

Developing a comprehensive digital repository which
includes engineering documents and maritime blueprints
requires a methodical approach at several tiers. Here, design
and elaboration on system architecture needs to be done in
conjunction with a digitization plan. Each phase of the
approach has its own technological requirements concerning
the automated multi-level and multi-faceted document
archiving, preservation, and access.

1.1 Digitization Process

The digitization of engineering documents, such as
converting them into digital libraries, is fundamental with
scoped and available requisites. The initial step in digitizing
paper blueprints involves meticulously scanning blueprints
using large format scanners. All the intricate details
emphasized in the documents must be captured accurately.
During the preprocessing phase, scanned documents undergo
a series of enhancements such as de-skewing, contrast
enhancement, and noise reduction that improve the overall
quality of the papers. Optical Character Recognition,
followed by image processing with OCR, will retrieve all of
the text associated with the blueprints. Implementation of
specialized OCR software helps achieve precision markup
and enables data extraction for indexing and comprehensive
searching. After the text extraction process, the scanned
documents are enhanced and minted with relevant metadata
before being stored in TIFF or PDF/A formats for
preservation. These steps ensure the documents are cataloged
and integrated into the digital library. Concomitantly with
these further steps, the native digital files such as DWG,
DXF, and RVT files are added for CAD and BIM models. All
documents undergo a validation process to ensure their
integrity and completeness prior to archival.

When needed, files are archived in BIM IFC files and neutral
CAD STEP files to guarantee preservation and
interoperability. Digital models have metadata associated
with them, which is preserved by the underlying software
within the interfaces of the library repository, enhancing
information retrieval. In addition, CAD and BIM files can be
annotated, zoomed in/out of, rotated, and interacted with
springs, so there is no need for external software. In
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compliance with organizational policies, confidentiality, and
other relevant regulations, access control is implemented
whereby file access is restricted through encryption and
permission-based roles (Lee, 2011). This complete
digitization workflow allows preservation, organization, and
access of both legacy and contemporary engineering
documents through the digital libraries infrastructure.

1.2 Metadata Schema Development

Creating a well-defined metadata schema is crucial to
organizing, retrieving, and preserving documents in a digital
library, particularly complex documents like overdue
maritime engineering records. It is initiated with the selection
of pre-established metadata standards to maintain uniformity
and interoperability. Dublin Core, along with MARC21 and
METS, is frequently accepted. Dublin Core is sophisticated
with basic descriptive metadata like creator, date, subject, and
title, offering a flexible structure. MARC21 is a detailed
bibliographic structure that proves handy when integrating
with conventional library systems. On the contrary, METS is
suitable for describing intricate digital objects that are made
up of several interrelated files, such as blueprint images and
associated texts or CAD models. Although the previously
mentioned standards provide a good starting point, maritime
engineering documentation tends to need specialized
metadata to capture domain-specific intricacies. In this case,
the schema is enriched with additional tailored fields
appropriate for the maritime industry, enabling custom
metadata fields. In the document management system,
metadata fields such as Vessel Name or Ship ID enable users
to associate documents with specific marine vessels.
Relevant information can also include Project Code or
Contract Number to connect the engineering project's
documentation, and Component Type to specify the nature of
the blueprint in question, whether it is a propulsion system,
electrical layout, or structural component. Other fields
include Design Revision, Naval Architecture Compliance
Codes, and Software Format/Version, which add precision to
mark tracking of version control, compliance tracking, and
file type support. By integrating standard metadata structures
with these tailored features, the digital library achieves cross-
domain integration and industry-specific accuracy to
maritime engineering, ultimately facilitating swift document
retrieval, controlled access, and efficient archival of complex
maritime engineering assets (Lagoze et al., 2005). During the
digital library's development phase, there is an emphasis on
system integration with existing digital assets, turning the
design of the digital library into a functional prototype, and
evaluating its usability and performance in practical
scenarios, as shown in Fig 1. Along with the other phases of
the project outline, this phase aims to guarantee fulfillment of
the outlined system requirements, including system unit and
integration testing, while meeting the immediate practical
needs of the target users, engineers, archivists, and other
maritime stakeholders (Gertz, 2000).
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. PROTOTYPE DEVELOPMENT

DOCUMETN UPLOAD

METADATA TAGGING

@
8 Fie

2 File

Dashboard
Document Upload

Dose Fost Fost rar. 7l
1010858

nnnnnn

8 rile ~

Metadata Tagging

BLUEPRINT VIEWER

DIGITAL ASSETS

INTEGRATION OF EXISTING

U

BOO41CADBIF AEAGABBWP ]

Fig. 1 Prototype Architecture and Asset Integration Workflow for a Maritime Digital Library System

This prototype demonstrates the workings of a digital library
system by showcasing its fundamental functions and design.
It features a modular system architecture that comprises a
frontend interface, backend services, a metadata layer, and
storage systems. The advanced search function, as well as
metadata-driven navigation, is tailored within the user
interface. Apart from that, it also encompasses blueprint
viewing, user login, and many other functions. It is worth
noting that the prototype is equipped with existing digital
assets, which consist of scanned blueprints, CAD files, and
metadata from trunked archives that were previously offline.
During the integration phase, the evaluation focuses on the
system's ability to parse, derive, translate, and classify with
currently independent data formats while maintaining
centralized control over their metadata, including
management and consistency, access governance, and
custody. After the prototype goes operational, it undergoes
functional testing and evaluation with regard to controlled
field conditions several times. Numerous operations, testing
for system responsiveness and expansion capability, along
with speed and scalability measures, are performed to
determine set benchmarks around responsiveness. Experts
from the domain are consulted to revise the interface,
restructure the metadata, access controls, and optimize access
governance. The described implementation phase shapes the
system design into a functional platform tailored for users,
marking the transition to full system deployment and
institutional integration.
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IV. RESULTS AND DISCUSSION

Adopting a Digital Library system has increased efficiency,
particularly in access dimensions and performance. Users had
much faster access to resources: 9.2 compared to traditional
systems' 4.5, significantly improving workflow and saving
time. It is worth mentioning, however, that retrieval time was
lower for conventional methods, likely because of the simple,
manual, lookup processes. This implies that although digital
systems provide greater access, they do require some tuning
of search or indexing systems to improve retrieval speed.

Storage Reliability

=
o

O P, N Wk 0Ol O N 0O

Backup Efficiency

m Digital Library  m Traditional Methods

Fig. 2 Preservation Metrics

The finding displayed in Figure 2 demonstrates two
significant advantages of Digital Library systems over
Traditional Methods: storage reliability and backup
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efficiency. The Digital Library achieves a high score of 9.5
with regard to storage reliability, while Traditional Methods
score a mere 6.2. Such a difference reflects Digital Library's
greater capability to preserve data through redundancy, error
detection, secure storage mechanisms, and other protective
measures. Likewise, the Digital Library also outperforms the
Traditional Methods in backup efficiency, achieving a score
of 9.0 compared to 5.0. This difference underscores the
ability of digital systems to implement automated backups
and reliable disaster recovery measures. Overall, the chart
highlights the fact that digital libraries enable better
efficiency and reliability in data preservation than traditional
methods.

OFRP NWPKAOUIUITO NOOWOWO

Retrieval
Time

Access
Speed

Storage  Backup Ul/UX
Reliability Efficiency Satisfaction

Digital Library Traditional Methods

Fig. 3 Comparison of Digital Library with Traditional Methods

In comparison to traditional methods, Figure 3 shows an
evaluation of digital library systems, with over five
performance metrics, scored from one to ten. Overall, the
Digital Library largely outperforms Traditional Methods
across all areas of consideration. Its advantage is particularly
strong in Access Speed (9.2 vs. 4.5), Storage Reliability (9.5
vs. 6.2), Backup Systems (9.0 vs. 5.0), and Interface/User
Experience Satisfaction (8.9 vs. 5.3) where it recorded greater
user satisfaction, trusted storage, faster backup systems, and
greater access satisfaction. Inevitably, Traditional Methods
outperform in Retrieval Time (5.6 vs. 1.8), suggesting that
these methods allow for quicker information retrieval in some
cases than their digital counterpart. Despite any minor
shortcomings, the Digital Library model undisputedly
outshines its competitor, signifying the advancement in
technology's ability to manage and provide information.

V. CHALLENGES AND LIMITATIONS

Challenges and constraints need to be addressed for efficient
and widespread use of digital library systems for maritime
engineering blueprints. Due to the nature of the documents,
including sensitive proprietary ship designs, defense
schematics, or advanced safety mechanisms, strong data
security is crucial. Maritime engineering documents are
sensitive in nature and require robust data security. The
consequences of data breaches or unauthorized access are
operationally and legally severe. To mitigate both internal
and external risks, strong protection mechanisms like fine-
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grained access control, encryption, and audit trails must be
enforced. Protecting system internals by diverse stakeholders
like shipyards, regulatory bodies, and design companies
requires authentication protocols which define user role clear
boundaries of defined system architecture cum complex
frameworks.

The information technology infrastructure is often unable to
efficiently accommodate the storage intricacies of high-life
blue maritime files, which comprise marine CAD files, 3D
models, and highly detailed RI schematics. Uploading and
sharing remote access files consumes considerable resources,
capped at a specific limit, such as storage space and
bandwidth, as is the case with region-based networks
configured on a high-speed basis. When stationed offshore,
systems will be unattainable, and further additional poses
with strain-bound systems where access is very hard and very
unreliable. For streamlining performance without file
integrity compromises, effective compression, caching, and
file access strategies are required.

In the diverse world of maritime operators, the absence of
universal standardized pathways, metadata frameworks, and
naming protocols heralds the foremost challenge to
accomplish vessel operations. Disparate shipping yards,
classification societies, and engineering offices tend to
deploy different software and documentation processes, as
well as varying compliance and regulatory policies, which
use different practices for Shain documentation and
adherence. This discrepancy poses a problem for systems
interoperability and integration. Without a digital cooperative
effort for system-wide standardization, digital library
structures will wither, lacking exposure for versatility,
growth, remediation, or regulatory alignment. To be
forwarding the identified core obstacles needed to deploy and
maintain a sustainable solution on maritime digital blueprint
libraries, focus is widely shifting to interdisciplinary
branches of science technologies, user experiences, and the
ever-adapting demands by the global maritime society.

VI1.CONCLUSION

This study emphasizes the importance of maritime
engineering design documents in the entire lifecycle of a
vessel. It also highlights the shortcomings of conventional
storage and retrieval methods. Through the exploration of the
dedicated digital library system, we show how the
digitization of maritime information systems enhances data
accessibility, preservation, operational efficiencies, and
information retrieval within the industry. The analysis offers
considerable justification for adopting modern infrastructure
using advanced technologies, including enhanced user
experience, increased reliability, and improved support of
regulatory compliance and integrated collaborative
engineering document systems. Embracing digital library
systems for blueprint management marks a significant
milestone toward the complete digitization of the maritime
industry. It allows for comprehensive standardization of
engineering documentation, reduces exposure to risks posed
by physical and outdated digital filing systems, and enhances
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responsiveness to technical, safety, and regulatory changes.
In addition, it allows international stakeholders such as
shipbuilders, classification societies, port authorities, and
naval architects to engage with engineering data in more
efficient and secure ways. These improvements assist in the
performance of day-to-day tasks and form the groundwork of
radical redesign and enduring innovation in maritime design
and maintenance.

6.1 Future Work

Digital technologies specifically tailored for maritime
engineering blueprints seek to boost intelligence,
connectivity, and user interface features. The integration of
Al methodologies into the automated processes of
identifying, tagging, and classifying technical documents into
blueprints holds promise for an autonomous self-sustaining
document management system that optimizes retrieval and
efficiency. Moreover, global maritime registries could be
incorporated to interlink engineering data with certification
documents, compliance logs, ownership history, and other
relevant engineering data to enhance transparency and
alignment  with international  stakeholders. Beyond
enhancements in 2D blueprint projections, virtual and
augmented reality (VR/AR) technologies present new
horizons for transforming maritime engineering blueprints
into fully immersive 3D environments. These technologies
would increase the ease of training and design validation for
engineers and ship technicians, thus enabling sophisticated
Intuitive Interactive Planning for the maintenance of
elaborate ship systems. Advanced digital marine libraries
would help robotic document retrieval systems turn static
digital libraries into optimal high-efficiency innovation
engines for the maritime industry, leading to further strides in
operational expert.
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