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Abstract: 

More than 70% of the earth’s surface is covered with water. This vast water mass not only possesses a tremendous amount of resources, but it also influences the global climate and ecosystem enormously. The economic and social impacts reflect how natural marine, atmospheric, and coastal phenomena affect us. For example, industries affected by weather and climate account for nearly 30% of the United States GDP.

The need and desire to explore the vast oceanic environment for better understanding, extraction of resources, and preservation of global environment have provided a significant momentum in the deployment of advanced oceanic systems. Smart moorings, drifters, towed-instruments, ships, etc., and robotic systems such as gliders, remotely operated vehicles (ROV), human occupied vehicles (HOV), autonomous underwater vehicles (AUV), and UVMS are being designed and deployed to enable the exploration. The oceanic environment is unstructured, uncertain, and dynamic in nature. Therefore, every system (robotic or non-robotic) faces various limitations when deployed in this complex environment. These limitations include immobility, poor spatial and temporal resolutions, susceptibility to weather, hazards in frequent deployments and recoveries, incapability in long-term operation, poor event response, lack of flexibility and availability, and high operating costs, to mention some of them.  Some science missions such as mid-ocean ridge observations and event responses require both continuous monitoring and prompt deployment. Thus, to enhance the capability of exploration of the large oceanic environment, there is a need for prolonged operations of robotic systems (i.e., AUV) that avoids frequent deployment and recoveryand can respond to events promptly. Therefore, an AUV docking system that allows an AUV to home, take rest, transfer data and power, as required for long-term underwater operations appears to be the best available tool for various scientific missions. 

In this paper, we present a technological development of AUV docking systems motivated by science requirements. More than twenty-five case studies have been drafted after meeting with marine scientists from a wide range of oceanographic fields such as Physical Oceanography, Midwater Ecology, Biological Oceanography, Molecular Biology, Marine Microbiology, Geology, Ocean Chemistry, Evolutionary Biology, and Benthic Ecology. These science cases spread over coastal ocean, deep ocean, mid-ocean ridge, and polar ocean. All these science missions can be significantly benefited from new and/or improved sets of data and samples that will be collected by using a docked AUV.

The case studies are organized to address the following points: (i) Science Collaborator - the scientist who has defined the scientific need, (ii) Science Issue - the problem which is  addressed, (iii) Background - significance of the problem, (iv) Required Data and Measurement Resolution - required measurements to address the scientific issue, (v) Non-Docked Method for Acquiring Data - techniques by which the required information might be obtained without using docking AUV, and (vi) Use of Docked AUV - method by which a docking AUV would be deployed to satisfy the mission requirements. The science missions can broadly be classified into two categories, based on the data collection methodology, namely: (1) Data Collection - in situ (on-line) data collection such as temperature, salinity, depth, current, chlorophyll density, bioluminescence, etc., and (2) Sample Collection – collect samples quickly and then analyze the samples in lab., collect data and archive it; examples are microbial organisms, HABs (Harmful Algal Blooms), larvae, sediment, and rock sample collection. The case studies cover both the categories excluding the force contact type data or sample collection.


More than twenty science sensors (in addition to navigational sensors) are identified and evaluated for these science missions. The payloads for the AUV and the docking system are discussed in detailed. Functional requirements for a general purpose docking system are identified and various subsystem development approaches are explained in this paper. A Fuzzy Logic based approach for the docking system design and development is also presented in this paper. 
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