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Conceptual design of a common platform for operational
integration of airborne, surface, and subsurface unmanned

systems in maritime surveillance
Farhad Kiani Falavarjani
Malek Ashtar University of Technology; acrospacel362@gmail.com

Abstract

The maritime environment, due to its complexity and vastness, poses significant challenges
to surveillance and monitoring operations. Unmanned Surface Vehicles (USVs), Unmanned
Underwater Vehicles (UUVs), and Unmanned Aerial Vehicles (UAVs) each offer unique
operational capabilities; however, their independent deployment is constrained by limitations
in coverage, cross-domain communications, and comprehensive situational awareness. This
paper investigates and presents a conceptual design for a joint platform aimed at the effective
operational integration of these three heterogeneous assets to execute complex multi-domain
surveillance missions. Employing a systems engineering approach and enterprise
architecture principles based on the Department of Defense Architecture Framework
(DoDAF), the operational scenarios, key requirements, and operational risks associated with
such a platform are identified and analyzed.

The proposed concept focuses on integrating aerial, surface, and underwater unmanned
systems for maritime surveillance in nearshore waters and restricted maritime areas. Owing
to current technical and operational limitations in communication range and endurance, these
systems are primarily applicable to monitoring operations within territorial waters and
coastal Exclusive Economic Zones (EEZs). Within the proposed framework, UAVs
equipped with advanced sensors perform initial monitoring and suspicious target detection,
transmitting aggregated data to the USV. The USV subsequently conducts closer inspection
using short-range sensors and, when necessary, deploys a UUV to perform detailed
subsurface investigations. This multi-platform collaboration enhances geographical
coverage, improves monitoring accuracy, and accelerates response to maritime incidents.

Furthermore, SWOT analysis and mission risk assessment are conducted to identify
opportunities, challenges, and potential approaches for improving system performance. The
results indicate that the integrated utilization of unmanned systems can significantly enhance
the effectiveness of coastal patrol and surveillance operations. Analysis of representative
operational scenarios, including wide-area surveillance, target tracking, and infrastructure
inspection, demonstrates that the proposed platform has the potential to substantially
improve operational efficiency, flexibility, and situational awareness compared with existing
approaches. Preliminary risk assessment also highlights key technical and operational
challenges while proposing conceptual risk mitigation strategies. This research represents an
initial step toward the development of next-generation intelligent and integrated maritime
surveillance systems.

Keywords: Joint Platform; Unmanned Surface Vehicle (USV); Unmanned Underwater
Vehicle (UUV); Unmanned Aerial Vehicle (UAV); Systems Integration; Hybrid
Surveillance; System Architecture; Heterogeneous Multi-Agent Systems.
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13 Predictive Control

14 Shared Situational Awareness
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Abstract

Maritime safety is one of the fundamental pillars of international transport and has always been the
focus of attention of the International Maritime Organization (IMO). Despite advances in navigation
and shipbuilding technologies, the human factor still plays a dominant role in the occurrence of
maritime accidents, with more than two-thirds of safety incidents being related to human error. In
response to this issue, the Maritime Safety Committee (MSC) has attempted to integrate human
dimensions such as training, professional competence, fatigue management, safety culture, and
seafarers’ working conditions into safety policies and regulations through the establishment of the
Human Element Working Group (HEWG). The present study, with a review and descriptive-analytical
approach, comprehensively examines the activities, achievements, and challenges of this group during
the period 2015-2025, and has used official IMO documents, MSC reports, and the Subcommittee on
Training and Watchkeeping (HTW), as well as reliable maritime sources such as Lloyd’s Register and
DNV. The findings show that the most important HEWG actions include revising the STCW
Convention, developing fatigue management guidelines, promoting a safety culture, and developing
specialized training for new technologies. An analysis of ten major maritime accidents during this
period indicates that poor training, fatigue, unfamiliarity with new technologies, and the lack of an
organizational safety culture are among the main recurring factors in accidents. Finally, the results
indicate a gap between the formulation of safety policies and their practical implementation at the
global level, and emphasize the need to strengthen a safety culture, more effective monitoring, and
cooperation between governments, shipping companies, and educational institutions.

Keywords: Maritime safety, human element, Maritime Safety Committee, fatigue management,
safety culture.
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Repair of High-Speed Vessels' Propulsion Systems: A Case Study
on a Passenger Catamaran Vessel
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Assistant Professor, Imam Khamenei University, Imam Hossein University (AS), Iran
Abstract

High-speed vessels with complex propulsion systems are subject to severe operational stresses, leading
to higher failure rates and significant maintenance, repair, and overhaul (MRO) costs. This paper
examines how artificial intelligence (Al) is transforming MRO strategies for high-speed vessel
propulsion systems. Focusing on data-driven and predictive approaches, it demonstrates how Al
technologies can significantly improve reliability, safety, operational efficiency, and cost-
effectiveness. This research presents a case study to demonstrate the role of Al in reducing failures and
maintenance costs of a passenger catamaran propulsion system. First, the propulsion system
calculations are performed.
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Remowval of error data such as engine non-operation data and missing AMS data
G/E EMGIME RPM PICK-UP = 896
G/E HFO COMSUMPTION = O
G/E CYL EXH GAS OUT TEMP > 100
{(Remove engine non-running data and collect normal operation data)
G/E CHARGE AIR IMLET PRESS = 0.1
(When the engine is running, the minimum CHARGE AIR INLET PRESS exceeds 0.1)

Classification of engine leading and unleading(idle running) data
G/E GEM. POWER <= 0, UNLOADING
G/E GEM. POWER = 0, LOADING

Extraction of preprocessing data
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A Comprehensive Study of Quantum Radar with Emphasis on

the Scenario of Detecting Naval Mines in Shallow Waters
Seyyed Reza Sharafinejad

Faculty Member and Lecturer, Department of Maritime Telecommunications, Imam Khamenei University, Iran

Abstract

Quantum radar, as one of the most innovative achievements of modern technologies, has redefined the
boundaries of target detection and identification in defense industries. By leveraging features such as
quantum entanglement, this advanced technology has overcome the limitations of classical radars,
enabling the detection of stealth and low-profile targets even in noisy and highly interfered
environments. In recent years, numerous studies have examined the performance, advantages, and
challenges of quantum radar, demonstrating that this technology not only offers exceptional precision
and sensitivity but also exhibits significant resilience against electronic warfare threats and cyber
disruptions. This article explores the latest advancements and analyzes operational scenarios of

quantum radar in real-world environments. The findings indicate that integrating this technology with
intelligent sensor networks and defense systems can play a pivotal role in enhancing the security of
critical infrastructure and reducing vulnerabilities to emerging threats. Simulations and case studies
conducted in this research confirm the effectiveness of quantum radar in detecting complex targets and
improving the reliability of defense systems, painting a promising picture for the widespread
application of this technology in defense industries in the future.

Keywords

Quantum Radar, Quantum Physics, Entanglement, Naval Mines
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13 Idler
14 Fiber LNA
15 Photodetector array
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20 Elevation Detector
2! Velocity Detector
22 Image Detector
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17 Photodetector Array
18 Range Detector
' Azimuth Detector
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24 Joint Detection
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Detection Rate vs. Burial Percentage
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A Comprehensive Review of Artificial Intelligence—-Based
Predictive Maintenance Approaches in Marine Vessel

Mohammad bagher Kiaei!, mojtaba usefi pour?

1, 2 Department of Marine Mechanical Engineering, Faculty of Naval Architecture, Imam Khamenei University, Iran

Abstract

With the rapid growth of the shipping industry and its key role in the global supply chain, the
importance of improving maintenance methods to enhance safety, reduce costs, and increase the
operational efficiency of vessels is more evident than ever. The present study provides a
comprehensive review of data-driven predictive maintenance (PdM) strategies in the maritime
industry and surveys the latest techniques applied to various ship systems, including propulsion,
electrical, auxiliary, and hull structures. Unlike traditional approaches such as reactive and preventive
maintenance, predictive maintenance (PdM), empowered by machine learning (ML) and deep
learning (DL) algorithms, is capable of forecasting failures and optimizing maintenance scheduling.
This paper examines a range of models, from linear regression to recurrent and convolutional neural
networks (such as Long Short-Term Memory (LSTM) and Convolutional Neural Networks (CNNs)),
and analyzes their operational challenges, including the need for labeled data, computational
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complexity, and scalability issues. Furthermore, emerging approaches such as Federated Learning
(FL) and Transfer Learning (TL) are highlighted as promising solutions for ensuring privacy, data
security, and reducing reliance on centralized resources. Finally, by addressing existing gaps in
standardization, insufficient data, and model decision transparency, the paper outlines future research
directions toward developing reliable and adaptable predictive maintenance (PdM) systems for the

maritime industry.

Keywords

Predictive Maintenance, Machine Learning, Artificial Intelligence, Remaining Useful Life, Failure
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5 Supervised Learning

¢ Reinforcement Learning (RL)
7 Classification

8 Regression

° Unsupervised Learning

10 Clustering

! Dimensionality reduction
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22 Recurrent Neural Networks - RNNs
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16 Qutliers

17 Kernel methods

18 Support Vector Machine - SVM

19 Support Vector Regression - SVR
20 Artificial Neural Networks - ANNs
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26 Convolutional Neural Networks- CNNs
27 Gated Recurrent Unit
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24 Particle Swarm Optimization - PSO
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32 Density-Based Spatial Clustering of Applications with
Noise - DBSCAN
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43 Multiclass regression model
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36 Generalized Eyrin models

37 Tree-based methods

38 Decision Trees - DT

39 Automatic Identification System - AIS
40 Random Forest - RF

41 Particle Swarm Optimization - PSO
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A Comprehensive Review of Psychosocial Stressors, Physiological
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during Extended-Range Naval Deployments

Alireza Habibi
Department of Basic Sciences, Faculty of Sciences, Imam Hossein (AS) Officers and Guard Training University, Zibaknar,
Rasht, Iran

Abstract

Long-duration naval missions (4—9 months) are considered among the most stressful operational
environments in the armed forces due to prolonged separation, severe restriction of privacy, chronic
sleep deprivation, and high operational demands. This systematic review examined psychosocial
stressors, biomarker changes, mental health outcomes, and protective factors among military mariners
during extended deployments. A systematic search was conducted in PubMed, Scopus, Web of Science,
and Google Scholar databases (2002—-2025), and 51 relevant studies were included in the analysis. The
most prominent stressors were prolonged separation, lack of privacy, severe sleep deprivation (mean
5.25 hours), and high operational pressure. Key biomarkers included reduced cortisol under chronic
stress, decreased heart rate variability (HRV) — a strong predictor of post-traumatic stress disorder
(PTSD) — and elevated pro-inflammatory cytokines. Reported prevalence rates included depression
>50%, PTSD up to 29%, and sleep disturbances in 80.4% of personnel. Strong family support and
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mindfulness-based interventions were the most effective protective factors, mitigating psychiatric
symptoms and improving HRV. Extended naval deployments carry a high risk of psychiatric disorders;
however, strengthening family support and delivering brief pre-deployment mindfulness training can

substantially reduce these adverse outcomes.

Keywords:

Prolonged naval deployment, chronic psychosocial stress, HRV, PTSD, sleep disturbance, family

support, mindfulness-based interventions
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Abstract

Optimizing maintenance and repair processes plays a vital role in increasing efficiency, reducing
costs, and enhancing the operational readiness of military organizations. This research analyzes and
examines the optimization of maintenance units in the Armed Forces of the Islamic Republic of Iran,
focusing on the key role of three factors: human, technical, and economic in this area. Training, as
one of the fundamental pillars in improving personnel capabilities, has a significant impact on
increasing productivity and enhancing organizational culture. Technical factors refer to conditions
and characteristics that are not directly created by human resources but have a profound effect on
their performance; the quality and quantity of equipment, machinery, and management of production
processes are among these factors. Economic factors are also related to macroeconomic variables that
reflect the overall state of the economy. In times of economic recession, problems such as
unemployment and fear of layoffs can lead to reduced employee efficiency and motivation. This
article, aiming to explain optimization methods and using a mixed-method approach (qualitative and
quantitative) with interview and questionnaire tools, has analyzed the views of 171 personnel from
maintenance units (selected from a population of 310 individuals using stratified random sampling).
Data analysis was performed with SPSS software at two levels: descriptive and inferential statistics
(Chi-square test). The results show that conducting technical and vocational training courses,
providing standard equipment, employing modern methods in warehouse management, and optimal
allocation of financial resources (capital and current credits) can significantly contribute to the
optimization of maintenance units. Ultimately, simultaneous attention to these three factors can lead




to improved performance and increased readiness of the armed forces, paving the way for creating an

efficient and effective structure in this field.

Keywords:

Optimization, Maintenance and Repair, Human Factors, Technical Factors, Economic Factors
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Abstract

The aim of this research is to design and validate a strategic model of the competencies of instructors
and commanders of higher education centers of the Islamic Republic of Iran Armed Forces in the
face of the complexities of the era of hybrid warfare. Given the fundamental transformation in the




nature of threats, the expansion of cyberspace, cognitive operations, and the complexity of the
operational environment, the armed forces educational system requires training managers and
instructors who have multifaceted competencies, are deeply rooted in Islamic-revolutionary values,
and are simultaneously proficient in new technologies and strategic concepts. This research was
conducted with a mixed sequential exploratory approach (qualitative-quantitative) and a descriptive-
analytical method. In the qualitative stage, an initial framework of dimensions and components was
extracted by analyzing the in-depth content of upstream documents (including statements from the
Supreme Commander-in-Chief, strategic documents of the armed forces, Islamic texts, and
experiences of sacred defense) as well as semi-structured interviews with 12 experts. In the
quantitative phase, a questionnaire based on qualitative findings was distributed among 33
commanders and senior education managers of the armed forces, and the data was analyzed using

SmartPLS software and structural equation modeling (SEM).

Keywords:

Strategic competencies, military trainers, hybrid warfare, higher military education, Armed Forces of
the Islamic Republic of Iran, structural equation model, cyber intelligence
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