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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 Detailed Maritime Infrastructure Inspection &
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