MBARI technology for plug-and-work interoperable ocean observatories

 

 

The ocean science and engineering communities have identified some key requirements for large-scale ocean observatories at a recent ORION-sponsored workshop, and these requirements are being refined by the ORION project and others.  MBARI has developed and deployed hardware and software technologies that address many of these requirements. In particular, we describe how these technologies address several key issues: 1) scalable integration, configuration, and management of large numbers of diverse instruments and data streams, 2) reliable association of instrument data and contextual metadata, and 3) development of observatory infrastructure and components that are interoperable among a variety of observatory architectures, including at-sea systems with relatively limited power and bandwidth availability. We focus on three technologies developed at MBARI. 

Instrument PUCKs enable automatic installation of instruments by implementing the Plug-and-Work API (PUCK protocol) over a standard RS232 serial interface to store and retrieve information about an RS-232 instrument when it is plugged into an observatory host computer. The host computer can utilize the retrieved information to accommodate the new instrument and its data stream. The instrument information stored by PUCK consists of a mandatory "instrument datasheet" and an optional "PUCK payload". The datasheet includes a universally unique identifier (UUID) that is guaranteed to be unique for each instrument instance.  The observatory can implement a database of instrument characteristics, driver code, etc, using the UUID as the database key. When the instrument is plugged in, the observatory can read the UUID from the PUCK, and retrieve the corresponding information from the instrument database, load the correct driver, apply appropriate calibration coefficients, etc. The optional "PUCK payload' has a user-defined structure and content; for example, the payload may store an instrument description and driver physically with the instrument itself. The payload is especially useful when the instrument platform does not have ready access to an instrument database. Note that PUCK alone does not fully implement system-wide automatic configuration (i.e. plug-and-work), but defines standard interfaces that enable plug-and-work; the observatory infrastructure must provide software to access and utilize the information stored in the PUCK. SIAM and SSDS (below) are examples of infrastructure that utilizes PUCKs in this way.
SIAM service-oriented middleware provides a standard network protocol to configure, control, and acquire data from diverse instruments connected to a TCP/IP observatory network. There are very few widely recognized command interface standards for oceanographic instruments, and thus each kind of instrument recognizes a unique protocol. A large observatory may require infrastructure to automatically manage system resources (instrument power, data bandwidth and data storage), provide uniform data and metadata standards, and provide mechanisms for automatic event detection and response utilizing instruments distributed across the observatory network; providing these capabilities becomes very challenging when many different instrument command protocols must be recognized in the system. SIAM addresses this problem by providing a standard network interface for all instruments regardless of their serial protocol; the details of the serial interface are hidden from the network by SIAM instrument services. Thus software agents such as resource managers or event detectors can interact with the instruments in a generic way through the SIAM service interface, resulting in a very scalable system architecture. SIAM infrastructure also recognizes the PUCK protocol (above), and retrieves the PUCK’s datasheet and payload when a PUCK-enabled instrument is plugged in. In this case PUCK payload consists of executable instrument service code, as well as an XML description of the instrument; this XML is passed through the instrument data stream and telemetry system to the Shore Side Data System (below).
The Shore Side Data System provides mechanisms for data archival, processing, and distribution, enables automatic integration of incoming instrument data streams, and provides tools and interfaces for the user community to search for and utilize metadata in the visualization and analysis of the managed data.  SSDS defines a metadata XML schema to describe an instrument and its data, and each deployed instrument has an associated XML document. PUCK-enabled instruments store this document in the PUCK payload. SSDS receives data streams that are “published” by SIAM; these data streams are automatically processed and archived using the XML extracted from the data stream, with minimal manual configuration required.

These technologies work together to enable MBARI's self-configuring self-describing MOOS mooring-based observatory. Yet these technologies are largely platform-independent, enabling their use in other environments.They will be deployed for testing on the MARS cable-to-shore observatory test-bed. Moreover each of the technologies provides components that could be selectively used by other observatories. For example, PUCKs could be widely useful and are not dependent in any way on SIAM middleware or SSDS metadata structures. We also describe lessons learned during development and deployment of these technologies, and how policies and human-procedures interact with the new technologies. Finally, we discuss how these technologies are being refined through community efforts such as the emerging Marine Plug and Work Consortium and Marine Metadata Initiative.

