ISI/SIAM, SSDS and MOOS mooring controller review of aims/status/technical approach/future direction

The aim of this review will be for the SIAM, SSDS and MOOS mooring controller teams to present how the development efforts to date have progressed to meet the needs identified at the 1999 MOOS and at the 2000 MOOS Data Management workshops, and to discuss with the Management Team what the next steps might be.  

As much has changed over the last few years, especially with community efforts such as OOI and IOOS, we should also review whether the needs identified at the MOOS workshop are still the right problems to be solving.  The CIMT mooring deployment in June is a field demonstration of the capabilities of SIAM, MOOS mooring controller and SSDS systems and provides an opportunity to evaluate how well the design approaches meet the requirements.  For example, the ISI project summarized the problem it set out address as follows:

“Solving the interface problem and the metadata problem are key enablers of an efficient solution to the MOOS system principles of being configurable, adaptable, having compatible interfaces and being expandable. The goal of this project is to be able to add quickly and efficiently new instruments to MOOS, with minimum engineering involvement, and to be able to reconfigure or expand MOOS with no software modifications to the system.”

and SSDS aims were stated as:

The system is intended to automatically deliver robustly implemented data management services, so that both developers of data sources, and users of SSDS data, can easily use and benefit from the system’s features.  A fundamental system feature is providing ready access to all the ingested data and its metadata, taking advantage of any and all specifications or descriptions of the data and its origins.

More detailed high level requirements from the ISI and SSDS proposals are below.

The questions to address at the review are the following:

a) How well do the SIAM/SSDS/MOOS Mooring Controller capabilities implemented in CIMT meet expectations relative to the MOOS workshops identified needs.  Are we on track and attacking the right problems with the right solutions?  What have we learnt, is there anything that we would we do differently
? How well does the technical approach scale to new initiatives and opportunities such as the OOI?

b) Do the user requirements captured at the MOOS workshops, still represent the requirements we should be designing towards?

c) What are the next steps for 2005? 

To remind ourselves of the problems associated with ocean observing systems we were trying to solve, below are excerpts from the original ISI and  SSDS proposals.

1  Instrumentation Software Infrastructure (a.k.a.SIAM) 

1.1  Statement of the Problem in ISI Project Proposal 2000  

MBARI currently deploys a variety of instruments on several different platforms, including ROV’s, moorings, as well as ship-launched and land-based instrument packages. Each instrument is individually interfaced to a particular platform, and each interface requires dedicated wiring, connectors, power sources, and mounting hardware, as well as dedicated driver, logging and display software. Each unique interface requires unique documentation; that such documentation is typically neglected causes much inefficiency during installation and maintenance. Every year considerable resources are committed to the design, construction, and maintenance of these interfaces. We refer to this situation as the interface problem. 

Corresponding to the growing proliferation of such individually interfaced instruments is the growing problem of instrument and data quality control. Each instrument has unique configuration information, including operating modes, calibration data, and modeling parameters, which creates a context for the corresponding measurement data. Such configuration information is used to preprocess the measurement data before it is suitable for analysis or archiving. We refer to the seemingly intractable problem of managing both the configuration information and the measurement data from numerous individual instruments as the metadata problem  
Solving the interface problem and the metadata problem are key enablers of an efficient solution to the MOOS system principles of being configurable, adaptable, having compatible interfaces and being expandable. The goal of this project is to be able to add quickly and efficiently new instruments to MOOS, with minimum engineering involvement, and to be able to reconfigure or expand MOOS with no software modifications to the system.
These problems are not unique to the MOOS effort; similar problems of dealing with reconfiguration and evolution of instruments on moorings, research vehicles, ROVs and AUVs are encountered at MBARI. Our intent is to develop a solution that can be used on these other platforms as well, and to coordinate with new development projects on those platforms.

1.2 Technical Approach ISI/SIAM

In recognition of the growing complexity and seriousness of the both the interface problem and the metadata problem, there is overwhelming support for the development of an instrumentation infrastructure, which defines a standardized plug-compatible interface to all instruments.  In addition to standardized hardware, the communication interface to the instrument takes the form of an implementation-independent interface within a distributed-object network architecture. In such architecture, the instrument appears as a standardized instrument object containing complete state and behavior information, which includes measurement data and configuration information. Network clients with interest in the measurement data have a standardized access to this information. The availability of such state and behavior information for each instrument contributes greatly to a practical solution to the metadata problem.

This instrumentation infrastructure offers a modern and potentially revolutionary way of solving two historical nemeses: the interface problem and the metadata problem. We consider it to be part of the ‘grand vision’ in the sense that it strives to solve two difficult infrastructure problems in an intelligent manner with the potential of considerable resource savings. Because of its funding situation and cohesive staff, MBARI is in the unique position of being able to build an infrastructure that could set the standard for the entire instrumentation community. 

Over the last decade powerful proven software technologies have been developed and deployed in industry to let software applications communicate across networks. In this project we will apply these technologies to the specific problem of networking plug-and-play instruments.

1.3 Development Stages

The first effort will be assessment and planning. We will refine the objectives and requirements of the system. We will define the range of instrument types to be supported, the range of data rates, and define priorities. We will perform a review and evaluation of similar software infrastructures. 

The second effort will be architectural design. We will define the interface class each instrument will present to the infrastructure, and work out use cases for different instrument types. We will define the communication protocol of the infrastructure, and develop use cases for different qualities, bandwidth and capacities of networking. We will define the services required for data logging, display, and storage, and define the interfaces and to be used for these functions. In the architectural design we will specify the implementation languages and tools, how the distributed objects will be built, and the overall services. The architectural design will dovetail with related MOOS and engineering projects, specifically COMB (network protocol and instrument interface), New Mooring Controller, Genosensor 2000 , Low Power, High Performance PC-104 Instrument Controller (a.k.a. SideARM)  (instrument interface and data services) as well as new proposed year 2000 projects (MOOS Mooring System, SideARM Application Specific Hardware, and MOOS Data Management). 

The third effort will be development of a demonstration system running in the lab, encompassing one or more instrument types, data logging, data display, and data storage. 
Then, we will do iterations of development to incrementally add functionality and support for additional instrument types and services. The details of these efforts will be established in the assessment, planning and architectural design phases of the project. These plans will be the subject of regular engineering reviews.

An additional output of the development is software to support instruments deployed on moorings, research vehicles, ROVs and AUVs at MBARI. Our intent is to develop a solution that can be used on these other platforms as well, and to coordinate with new development projects on those platforms. Software to support the New Mooring Controller is one specific deliverable, as is software to support instruments added to new AUVs developed at MBARI.

The infrastructure would be designed incrementally, to serve multiple instrumentation projects, and designed to be extendable, using modern proven software development methodology and tools, including object-oriented analysis, design and implementation, and distributed-object network architecture.

2. Shore Side Data System

2.1 Statement of the SSDS problem from the MOOS Data Management Workshop Report, June 2000

The SSDS is a product within the MOOS system. Its dedicated application is as a data management system for data coming from MOOS moorings and other MOOS-compatible components.  

The vision for MOOS data management is as follows:  Having automatically been notified of an instrument's (a) installation, (b) configuration, (c) data stream descriptions (syntactic and semantic), and (d) data updates, the SSDS will automatically archive and catalog the arriving data. Upon request from users, the catalog can be searched and referenced for any or all of the source data, and references to the archived data will be returned as part of the search results. Those references will ideally be presented with electronic links, which would automatically connect to the archived data itself. (External data visualization tools, such as Matlab, may use data access standards, such as DODS, to simplify data access, download, and processing).  The user can then view, or possibly subscribe to, the source data records.
Another potential application of SSDS is to handle existing and future MBARI data that is not of MOOS origin. Because some of the data related to MOOS experiments may not be produced by MOOS itself, it is required that SSDS be able to ingest and catalog data from other sources. If this capability is provided, it should be straightforward to apply it to other MBARI data as well. The decision to do this may be left for the future, but it is important to recognize the possibility. In addition, it is useful to note in this context that because MOOS must store files and other information provided directly by users, an interface would already exist by which users can insert data sets from other sources, should they choose to do so.

Note that some of the ocean-side data will probably go directly to user interfaces on the shore side, without ever passing through SSDS. In other words, SSDS is not necessarily the only route for access to MOOS data.
MOOS Data Management workshop participants were first introduced to the science experiments that were being planned as part of the MOOS program. An effort was made to distill the common data needs from each of the use scenarios. Common themes emerged from our discussions and include:

· MOOS data will be heterogeneous

· Event detection will be done on the instrument or as a process operating on the archive. For the latter event detection process, real-time is defined as 6 hours.

· Processing will be done outside of the data archive

· All raw data will be archived in its native format.

· Quick and easy access to raw instrument data in its native format is required. This need not be elaborate.

· A need to know what data exist and their methods of access – a catalog service is needed. At minimum these catalogues must contain:

· What format the file is in

· Which sensor captured the data

· What software produced this data set

· Who to contact regarding this data set

· Original capture date/time "box"

· Latitude/Longitude(/Pressure) "box"

· General comments about the data/file

· Need to be able to query this catalog (both with human interface and programmatically)

· Instrument calibrations and information regarding deployment and recovery, should be digitized and made available electronically; people need to be removed from this process wherever possible. (The success of the catalog and the data system depends on this being done well.)

· All data items should be time stamped and have a mechanism to be geo-referenced.

· Need to archive higher-order products (including processed data files) and register their existence in a catalog

· Data archives and processing will be distributed amongst people and machines

· Use World Wide Web to provide access

The above recommendations relate to a "core" MOOS data system architecture. Additional features are required in order to make the data usable, and they typically relate to creating higher-order data products:

· Convert data from native formats to formats recognized by visualization packages

· Identify individual sensors, units, etc. for visualization labeling and axes range limit settings

· Read and identify individual sensors, units, etc. inside a variety of file formats

· Combine/merge disparate data to common formats and time intervals

2.2 SSDS Functionality and Development Approach 
· Be cost-effective to develop.

· Allow expansion in amount and types of data handled.

· Allow expansion in number and types of sensors handled.

· Be flexible, handling different data source types and sensors without reprogramming.

· Be maintainable, accommodating (with minimal architectural changes) evolutionary changes in computer systems and software.

· Operate continuously, with minimal attendance and maintenance.

· Data ingest and archiving must be sufficiently reliable to serve as the primary MOOS data storage system.

· Data access and management functions must be sufficiently reliable to serve as the sole user-friendly MOOS data access system.

· SSDS components must interoperate gracefully with non-SSDS data systems that follow standard protocols. 
· Technical users who are familiar with computer systems and applications, and conversant with science data, will use the SSDS.  The SSDS emphasis is on rapid access to original or computed data sets, rather than on creating custom or unique presentations of data (since that can be performed using other applications, more familiar to this set of users).

· Most SSDS users will be scientists and instrument technicians who want the simplest possible interaction to get their data. The most critical data set is the one generated by the instrument or other data source (such as a data processing algorithm). At a minimum, these original data sets must always be readily accessible and demonstrably correct. 

· The SSDS system should be widely usable, both geographically and by a wide variety of customers (and hence, operating systems).

· The SSDS should be exportable to other oceanographic institutions or applications at minimal labor and financial cost. This suggests maximizing the use of open source and freely distributable products, open standards, common tools, and well-defined, flexible, and standardized interfaces. 
· The SSDS must be developed in a way that supports its use in intermediate and prototype applications. It will not be acceptable to produce a ‘big bang’ development that can only be verified and used operationally upon ultimate completion.

2.3 Assumptions and Dependencies

The SSDS detailed design will be highly dependent on the MOOS ISI functionality.

MOOS operational policies and procedures will strongly affect the viability of the functions in the Shore Side Data System. (That is, if agreed procedures are not followed, corresponding functions in the SSDS will not meet the users’ requirements or expectations.)

The success of SSDS will depend on the ease with which instrument developers and users can interface with it. Accordingly, process and user interface design will play a critical role in SSDS development.
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