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This paper proposes a system-of-systems (SoS) design
approach for heterogeneous unmanned systems based
on anti-submarine warfare (ASW) mission threads and
tactical requirements. The ASW mission is divided into
six phases: detection, identification, tracking,
interdiction, engagement, and assessment. Platform
performance requirements are derived by analyzing
representative mission activities involving sonobuoy
deployment, towed array sonar system (TASS)
operation, active sonar operation, and ASW weapon
employment. The findings demonstrate the need for a
role-based SoS comprising heterogeneous unmanned
systems rather than a design centered on a single
platform.
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System-of Systems Design for Heterogeneous
Unmanned Systems Based on Anti-Submarine
Warfare Mission Threads and Tactical
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Table 1. ASW MT definition

MT Phase

Objective

Major Activities

Detection underwater threats

Detection Detect the presence of potential

Conduct acoustic and non—-acoustic surveillance using sonars,
sonobuoys, UAVs, USVs, UUVs, and fixed sensor systems

Classification
contacts

Determine the type and validity of detected

Analyze sensor information to distinguish submarines, midget
submarines, UUVs, marine life, and other underwater objects

Maintain continuous awareness of the

Tracking target’s location and movement

Monitor contact behavior, estimate course and speed, update
track information, and predict future positions

Containment
access to protected areas

Restrict target maneuvering and prevent

Deploy sonobuoys, position unmanned assets, establish acoustic
barriers, and conduct active search operations

Engagement

Neutralize or deter confirmed threats

Execute engagement procedures using ASW weapons, decoys, or
other response measures under command authority
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Table 2. Tactical requirements - sonobuoy

Tactical Description

Requirement

Rapid Mission Ability to rapidly transit to the designated
Deployment operational area and establish an acoustic
Capability barrier within a limited time window
Precision Ability to accurately navigate to multiple
Navigation deployment locations and maintain the
Capability desired sonobuoy geometry
Cooperative Ability to coordinate sonobuoy deployment
Deployment among multiple unmanned platforms
Capability 9 P P
Adaptive Ability to modify deployment plans in
Deployment ) )
Planning response to changes in targ.e.t behavior and
Capability operational conditions
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Table 3. Tactical requirements - TASS

Tactical Description

Requirement

Stable Ability to maintain a steady course and
Course-Keeping minimize maneuver-induced acoustic
Capability disturbances

Low-Speed and Ability to minimize self-noise and maintain

Low-Noise . . . e .

. optimal acoustic sensing conditions during
Operation sonar operations
Capability P

Long-Endurance
Mission Capability

Ability to sustain surveillance and tracking
missions over extended periods of time

Automated Towed Ability to autonomously monitor and control
Body
the deployment and recovery of the towed
Management array system
Capability ysy
Autonomous
Navigation Ability to autonomously maintain tracking
Capability for operations while optimizing sonar
Persistent performance and mission effectiveness
Tracking
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Table 4. Tactical requirements — Active SONAR

Tactical

Requirement Description
Forward -
Ability to operate ahead of manned assets
Deployment .
" and conduct early area surveillance

Capability

Distributed Ability to disperse multiple platforms across a
Deployment designated search area to reduce operational
Capability risk
Cooperative Ability to coordinate active search operations

Search Capability among multiple unmanned platforms

Active-Passive Ability to combine active sonar detections

Sensor . . . ) ;
. with passive acoustic observations to improve
Integration target localization
Capability 9
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