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Abstract

Waterborne mines pose an asymmetric threat to naval forces. Their presence, whether actual or
perceived, creates a low-cost yet very powerful deterrent that is notoriously dangerous and time-
consuming to counter. In recent years, autonomous underwater vehicles (AUV) have emerged
as a viable technology for conducting underwater search, survey, and clearance operations
in support of the mine countermeasures (MCM) mission. With continued advances in core
technologies such as sensing, navigation, and communication, future AUV MCM operations are
likely to involve many vehicles working together to enhance overall capability. Given the almost
endless number of design and configuration possibilities for multiple-AUV MCM systems, it is
important to understand the cost-benefit trade-offs associated with these systems.

This thesis develops an analytical framework for evaluating advanced AUV MCM system
concepts. The methodology is based on an existing approach for naval ship design. For the
MCM application, distinct performance and effectiveness metrics are used to describe a series
of AUV systems in terms of physical/performance characteristics and then to translate those
characteristics into numeric values reflecting the mission-effectiveness of each system. The mis-
sion effectiveness parameters are organized into a hierarchy and weighted, using Analytical
Hierarchy Process (AHP) techniques, according to the warfighter's preferences for a given op-
erational scenario. Utility functions and modeling provide means of relating the effectiveness
metrics to the system-level performance parameters. Implementation of this approach involves
two computer-based models: a system model and an effectiveness model, which collectively per-
form the tasks just described. The evaluation framework is demonstrated using two simple case
studies involving notional AUV MCM systems. The thesis conclusion discusses applications
and future development potential for the evaluation model.
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