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Abstract

We summarize results of a Workshop on Instrument Software Infrastructure held at MBARI, Moss Landing, California USA from September 13-15, 2004, jointly sponsored the National Science Foundation (NSF) and Ocean Research Interactive Observatory Networks (ORION) program. The Workshop included over fifty participants, including international participants from Germany, Canada, and Japan.  This was one of the first technical workshops in the development of a series of ocean observatories under the US Ocean Observatory Initiative (OOI) being managed under the ORION program.  The specific focus of this workshop was to define the standard requirements to be met by software infrastructure for sensors, instruments and platforms for observing systems in the ORION program. These requirements include the issues of configuring, interfacing, and managing devices, including sensors and actuators, to a networked based observing system as well as managing the resources necessary to support such devices. The topics include the capability of supporting plug-and-work instrumentation using a service oriented network architecture. A major issue addressed is the observatory infrastructure requirements necessary for managing data and metadata coming from sensors and instruments of the observatory in support of an integrated data management system.  
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1. Introduction 

Developments in network technology over the past several decades have led to the dominance of web-based interfaces to information and databases for the earth sciences. More recently the development of 'smart sensor networks' (O’Reilly, 2001) have led to web based access to real-time sensor array networks in the astronomical and seismological communities. These web based services communicate with sensor networks through 'infrastructure middleware', a layer of software between the user and the sensors. 

The instrument network infrastructure challenge for ocean sciences is to develop and apply these sensor network technologies for application to ocean observatories where the problems of deploying, configuring, managing, and accessing sensors, instruments and their platforms are compounded by the hostile conditions and remoteness of the ocean environment.  

In September, 2004, over fifty participants attended an ORION and NSF-sponsored, three day international Workshop on instrument network infrastructure for ocean observatories at the Monterey Bay Aquarium Research Institute (MBARI) on Monterey Bay in California.  The purpose of the Workshop was to identify, analyze, and discuss the issues and requirements for developing a standard approach to instrument network infrastructure for ocean observatories. The purpose of this presentation is to summarize the issues and results discussed at this Workshop.
2. The ORION Project

The Ocean Research Interactive Observatory Networks (ORION) program is an US - NSF program to define, plan, implement and develop ocean observing systems for the U.S. Ocean Observing Systems Initiative (OOI) (Isern, 2004). A major ORION Workshop was held in San Juan, Puerto Rico in January, 2004 to establish the science initiatives and requirements for defining and planning the observatories under this program (Schofield, 2005).  Three observatory efforts have been identified for the ORION program: relocatable deep sea moored buoys, a regional scale cable-based network observatory, and a network of coastal observatories. The first major observatory to be implemented will be a cable-based regional scale observatory in the North East Pacific coast of the US. A prototype for this system is being deployed by the Monterey Bay Aquarium Research Institute (MBARI) in the fall of this year and is called the Monterey Accelerated Research System (MARS). 

3. Instrument Network Infrastructure Requirements
Scientific requirements for US ocean observatories are fully discussed in both the SCOTS and ORION Workshop Reports (Dickey, 2003, Schofield, 2005). A complete discussion of the instrument infrastructure requirements summarized here may be found in the NSF SENSORS Workshop Report at the SENSORS Project website (below). Requirements for instrument software infrastructure are divided into five basic areas.

Design requirements – This section includes requirements for scalability, extensibility, and interoperability of instruments and data. The architecture for the infrastructure must take into account the need for observatories to expand, and insure that system behaviour scales appropriately as the number of instruments increase. Moreover, instruments should be interoperable with a minimum of configuration in any observing system in the ORION program, and the data from any particular system in the ORION program should be usable with data from any other ORION system.

Observatory resource management - This includes the requirements for managing system level resources: power, bandwidth, data storage and buffering, and environmental effects. Environmental effects are how the use of system elements, including instruments, platforms or sensors may affect measurements and the usefulness of other elements in the system.  This means that physical space, acoustic noise, chemical effects, and electromagnetic effects should be properly characterized and managed. 

 Observatory monitoring and operation - This category includes the requirements for operational monitoring, safety, security, fault tolerance and detection, diagnostics and recovery. The scientific effectiveness of an observatory requires that it be reliably and efficiently operated and maintained on a 24/7 basis. 

Instrument management - Efficient use of large numbers of diverse instruments (Daley, 2004) requires a life cycle approach to instrument management, including instrument configuration to the system, portability, scalability, remote service and calibration. It also includes time distribution or synchronization, plug and work (automated service discovery) and event response requirements. To achieve interoperability of instruments the configuration and interfacing of instruments must not only be standardized, but must be as simple as possible to facilitate the widest possible use.

Data and Metadata management - Data is the primary product of observatories. Metadata is the data required to make the primary data meaningful. User requirements for data management have been addressed elsewhere (DMAC Report, 2005). The infrastructure requirements include provisions for data packet types as well as all data delivery and control services: acquiring data, sampling control, data time stamping, latency, and quality control requirements as well as metadata requirements for data, instruments and platforms. To achieve data interoperability, as well as to facilitate data storage and access by users, there needs to be a uniform conceptual approach to data and metadata, including the ‘system metadata’ required to describe the observing system and to manage it reliably.

4. Observatory Levels  

In addition to an identification of the primary areas into which requirements for ocean observatories can be grouped, the workshop participants recognized a need to place requirements into hierarchical levels based on the capabilities that the requirements address.  Although the intent is not to suggest that observatories necessarily be developed according to the levels below, the Workshop participants recognized the need for an iterative, incremental approach to the development of infrastructure middleware.  The levels below provide one such road map.
Level 0 - Prototype Observatory - These operational observatories are not truly member systems within the ORION program, but could be used as test beds for the development of instruments and/or capabilities for operational ORION level observatories. The requirements in this category area provide a level of capability sufficient to support their use as test beds.

Level I - Fundamental Observatory - 

This is a base level observatory that can support basic science experiments and implements a set of common capabilities shared by all systems at this level, including basic data and metadata interoperability. At this level science users will be able to deploy their instruments and reliably obtain their data but there will be little if any support for collaboration and coordination of instruments to support complex experiments by many scientists. Instruments may be interoperable between observatories at this level, but some configuration may be required by the user.

Level II- Collaborative Observatory - In addition to the capabilities of the prior levels, this level has instrument infrastructure to support the collaboration and coordination of instruments and their measurements which are distributed through the observing system.  In addition the infrastructure supports ease of configuration of instruments as well as plug and work, or automated service discovery, capabilities.
Level III - Auto Adaptive Observatory - The qualification for an observatory at this level is that in addition to the capabilities of Level II, its infrastructure provides capabilities that support scientific experiments or ocean observations that require autonomous event detection and response, as well as a basic level of autonomous resource management for data storage, bandwidth, and power. 
5. Conclusions 

The NSF SENSORS Workshop on Instrument Software Infrastructure is an initial, but critical technical step towards applying the benefits of web based network technology to the development of ocean observatories. Participants also recognized that technical requirements may also be driven by general policies, some of which may need to be developed and articulated incrementally. 
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