I. MOOS platform, resources and constraints (Ref Chaffey paper) (1 pg)

A number of papers have been written detailing the architecture and design of the Monterey Ocean Observing System (MOOS) [M Chaffey, E Mellinger, “Communications and Power to the Seafloor: MBARI’s Ocean Observing System Concept,” Proceedings of the Oceans 2001 MTS/IEEE Conference, in press, 2001].  

Several aspects of the MOOS architecture serve to constrain and define the Software Infrastructure and Applications for MOOS (SIAM) architecture. 

A. MOOS network

MOOS comprises a network of surface, midwater and seafloor computing platforms (nodes).  The networked architecture enables MOOS’s integrated approach to ocean observing:

· data collection throughout the water column

· event detection and response 

· greater visibility from a system administration perspective

In order to provide mechanisms to facilitate data collection across this network, on varying temporal and spatial scales, SIAM must be scalable. SIAM components must be robust and fault tolerant to contain the impact of localized failures and eliminate single points of failure. Because much of the hardware is potentially remote, SIAM infrastructure must provide visibility and fine control of the system hardware.

B. Power (solar, wind, battery) - 20 watts

Although MOOS may potentially participate in cabled observatories with virtually unlimited power provided by a benthic cable to shore, a typical MOOS installation may derive all of its power from a single surface mooring. The solar array on the MOOS buoy is designed to nominally provide 20 W continuous average power year-round in the Monterey Bay. This establishes a minimum baseline of available energy for SIAM, which must provide mechanisms for power management both locally (on a per node basis) and for the network.

The distributed nature of MOOS also presents challenges in power management. The power system may manage faults and over use to the extent that no permanent physical damage to the system occurs. SIAM must attempt to prevent over use of power resources and contain the impact of system failures resulting from loss of power. To fully use the available power, SIAM must provide new power management schemes that allow the system to be self-configuring while accommodating payloads that cumulatively exceed the total instantaneous available power.

C. Fiber optic communications

The high bandwidth data telemetry and potentially great distances (10 km) between nodes required for MOOS motivates the use of fiber optic connections between nodes in some applications. SIAM must facilitate the use of these connections, as well as traditional copper connections (twisted pair and 10BaseT).

D. Wireless communications

  1. Freewave 900 MHz - ~50 km (for maintenance)

  2. Globalstar satellite (long-range)

  3. Pager reset

The MOOS system also requires support for a number of different wireless communications paths. Each node supports two wireless communications interfaces. For remote applications, satellite communications via Globalstar modem is supported by SIAM. Due to the cost and restricted bandwidth of Globalstar, line-of-site RF communications are desirable for near-shore applications. For this scenario, 900 MHz Freewave radios are currently supported. 

The secondary communications interface is used primarily for maintenance. It may be used in nearby moorings in support of ship-based maintenance activities that are completely independent of normal data telemetry (though the two may be done simultaneously over a single interface). The secondary interface is also useful for performing maintenance in high sea states, allowing operations to be performed anywhere within RF range.

For some near-shore field tests, a pager is used to remotely reset the surface node remotely.

E. MMC/Sidearm (Ref Meese paper, Chaffey paper) 

(2001 Meese: processor architecture, Ajile support)

MMC incl DPAs: GF detection and iso)

1. Linux

2. TCP/IP stack

3. Serial I/O, DPAs

4. Timekeeping

The mooring controller used for MOOS has had one major architectural revision since the inception of the MOOS project. The original design, referred to as the New Mooring Controller (NMC) [T Meese, D Edgington, W Radochonski, S Jensen, K Headley, “A New Mooring Controller: an evolution of the OASIS Mooring Controller toward a distributed Ocean Observing System,” in Proceedings of the Oceans 2001 MTS/IEEE Conference, in press, 2001] was a novel two-processor architecture that did not fully support the networking requirements of MOOS. Following the first MOOS field test in 2002, it was replaced by the MOOS Mooring Controller (MMC). 

Each MMC node supports 12 instruments with serial communications (RS-2323 or RS-422) and 12 VDC power. Several communications interfaces are provided, including Ethernet, RS-485, and two additional serial ports used for wireless communications via satellite or RF modem.

SIAM supports a rich set of MMC hardware features, including software controlled galvanic isolation of communications and power circuits, as well as access to hardware diagnostic information, such as voltage, current, temperature and over-current conditions for each of the instrument ports.

In comparison to many embedded controllers, the SideARM is resource rich, hosting an embedded Linux distribution by Intrinsyc, which provides the TCP/IP stack and support for the (IBM J9) Java virtual machine that form the substantial software underpinnings for SIAM.

/*

Each MMC node consists of a processor card (“SideARM”) and up to 6 dual-port adapters (DPAs), connected via a backplane with a control and data bus. 

The SideARM processor card is currently implemented with an Intel SA1110 processor running at 192 MHz. It is configured with a 16 MB boot flash, 64 MB SDRAM, and type II compact flash. There is also a Texas Instruments MSP-430 sub-processor that controls several integrated sensors for monitoring environmental inside the MMC housing, including temperature, pressure humidity and MMC ground faults.

The SideARM processor card also contains an Ethernet controller for configuration, test and debug. The Ethernet controller will also be used in conjunction with a fiber optic communications card that will enable nodes to communicate via fiber optic cable. The SideARM is also connected to the wireless interfaces via a separate wireless communications interface card.

Each DPA provides two separately controlled power and serial communications channels, which may be configured for either RS-232 or RS-422. Each DPA channel is capable of providing 12 V power at up to 12 A; the maximum input power at any node is limited to 12A at 12 VDC, so this could not be supported on multiple nodes or channels simultaneously. 

SIAM supports a rich set of DPA hardware features, including software controlled galvanic isolation of communications and power circuits, as well as access to diagnostic information supplied by the DPAs, such as voltage, current, temperature and over-current conditions.

In comparison to many embedded controllers, the SideARM is resource rich, hosting an embedded Linux distribution by Intrinsyc, which provides the TCP/IP stack and support for the (IBM J9) Java virtual machine that form the substantial software underpinnings for SIAM.

*/

III. SIAM design and implementation

C. SIAM design

2. Instrument pucks (Ref SC03 puck paper, McBride paper) (1-2 Paragraphs)

MBARI’s instrument puck embodies the convergence of two key MOOS system concepts: automatic configuration and close metadata binding. The instrument puck is in essence a data storage device with a simple, platform-independent protocol for extracting the data it contains. An instrument puck is associated with each instrument deployed on a MOOS platform; once mated, the instrument puck and the instrument remain together for the life of the instrument. 

On MOOS platforms, the puck contains instrument metadata and service code to operate the instrument, built for the target platform. The metadata can be any type of data; for MOOS it includes a unique MOOS ID, XML describing the data stream produced by the instrument, calibration constants, instrument manufacturer, manufacturers serial number.  Since the puck is simply a container, there are virtually no restrictions (other than size) on what it may contain. 

When the instrument and its puck are connected to it’s host platform and power is applied, the puck enters “puck mode”, allowing the host platform to extract the contents of the puck serially by issuing a simple text command. Once the host platform has received the contents of the puck, it issues another command to switch the puck into a transparent mode, allowing the host platform to communicate directly with the instrument, without further interaction with the puck. For MOOS platforms, the host platform (MMC) executes service code that was extracted from the puck; the service code presents an interface that is compatible with MOOS and SIAM. The service code and metadata configure the instrument and describe its data streams to the data management system.

The notion of binding service code and metadata to the instrument is a central tenant of the MOOS architecture, enabling self-configuring platforms and self-describing data streams. There are a number of possible puck implementations. Stand-alone puck hardware, inserted between the instrument and the host platform, allow virtually any serial instrument to participate in a MOOS observatory with all of the associated benefits. The puck protocol and data storage may be integrated into an instrument, eliminating the need for external hardware and connectors. In some contexts, it also makes sense to use a “virtual” puck, in which the puck contents (in the form of a file) are pre-installed on the host platform.

3. Self-describing data streams

Self-describing data streams are at the core of automated data management and self-configuring platforms. When an instrument is connected to a node on a MOOS observatory, its metadata, i.e., data describing the data streams that the instrument generates, is passed to the Shore Side Data System (SSDS), the MOOS data management system. The SSDS uses the metadata to automatically process the data and, with virtually no human intervention, provide comprehensive query and visualization functions to users.

SIAM infrastructure enables self-describing data streams using close metadata binding (instrument metadata is contained in an instrument puck, physically bound to the instrument) and by providing metadata transport mechanisms. When an instrument is plugged into a node on a MOOS platform, SIAM extracts instrument service code and metadata from the instrument’s puck. The node then begins running the instrument service, which generates a data stream. 

SIAM data streams consist of a series of packets; there are several types of packets defined by SIAM: Sensor Data Packets, Metadata Packets, and Message Packets. Sensor Data packets contain data acquired from the instrument during normal sampling. Message Packets are annotations that may be inserted into a data stream. Metadata packets describe the instrument, the data it produces and provides contextual information (which may change over time) about the data stream. 

As the instrument service operates, it inserts packets into the data stream. Using behavior inherited from the SIAM instrument service framework, the instrument service ensures that the first packet in its data stream is a Metadata Packet describing the data that will follow. The Metadata Packet contents consist of a combination of:

· XML describing the instrument and data records produced by the instrument; in general, this metadata is static (doesn’t change during the deployment), and would include things like instrument manufacturer, model number, serial number, record formats, calibration constants, SSDS device ID, etc.

· Default and current instrument service configuration properties (e.g., sample interval, power policy, etc.)

· Data provided by instrument itself about its current state, if available.

Whenever some part of the metadata changes, for example when a sampling rate is changed or the instrument configuration is changed, the instrument service inserts a metadata packet into the data stream reflecting this change in context. The following figure depicts the life cycle of a self-describing data stream

[Figure]

All packets are sequentially numbered, and all packet types include a reference to the last metadata packet sent. Using these packet sequence numbers, the complete metadata state (measurement context) for any data packet can be determined, reflecting all changes that affect the data stream that have occurred since the data stream started. 

The packets originating on each node are stored locally at the node (for fault tolerance), and periodically transferred to the shore side (usually via satellite or RF link) to a SIAM component called the Portal. The Portal stores the data streams and forwards them to the SSDS in a platform independent serialized form. The SSDS uses the metadata in the stream to automatically process and present it to human and programmatic interfaces in the form of query, search and visualization tools and data access APIs.

D. Results, lessons learned so far
1. Java and rapid development (1-2 Paragraphs)
The use of Java on embedded systems is not widespread among the oceanographic community, and is one of the novel features of SIAM. Among its benefits are that its extremely rich libraries save development time by reducing the amount of software fairly low level software infrastructure development, allowing developers to focus on application level implementation. In general, Java libraries are robust and well documented. There is also a wide developer base; it is almost always possible to find code to fit your needs when it doesn’t exist in Java.

Among the drawbacks experienced working with embedded Java is the limited choice and support of JVMs for smaller embedded platforms. To date, there are only a few JVMs (IBM’s J9) that run on our platform and that support all of the features required by SIAM. IBM’s J9 JVM J2ME Connected Device Configuration (CDC) is currently used for SIAM, along with the optional RMI package. IBM does not appear to be doing a lot of new development with J2ME, and support for this version is somewhat limited. Major bugs or deficiencies in the JVM delay development as a work-around is constructed. This was the case when RMI did not perform well over intermittent communications links; it became necessary to make a new version of Java socket classes. Though the implementation was not too complicated, discovering the nature of the problem and its work-around took considerable effort.

The isolation from system-dependent details that Java provides, while beneficial in many respects, can be frustrating in embedded systems. Although Java provides some mechanisms for doing so, it can be awkward to gain access to some hardware and software outside of the JVM. 

4. Power management (1-2 Paragraphs)

In a number of applications (including all of our MOOS mooring field test deployments to date), there is sufficient power available to defer the need for power management. For those applications requiring power management, the networked nature of MOOS makes power management challenging. The MOOS network topology is a tree configuration. Each node has at most one “parent” node and potentially several “children”. At each node, child nodes and any instruments at that node share the power available. Transmission of data across the network requires nodes along the data path to be “awake”. Power must be managed both locally, on a per node basis, as well as in a distributed sense, as nodes interact with each other or as information flows through the system. 

The power management schemes for MOOS have not been fully implemented at this time. The current implementation focuses on platform configurations in which distributed power management is not required. SIAM uses a software component referred to as Sleep Manager at each node to minimize the amount CPU run time.  All software components requiring power management that run within the Java virtual machine (JVM) implement methods (callbacks) that allow the Sleep Manager to query their status. The Sleep Manager, also running within the JVM, determines periods when none of the power-managed components require CPU time and then puts the processor into a low power sleep state for a specified time period. 

Power managed devices (i.e., instrument services) specify a power policy: they may be powered always, powered never, or powered only when sampling (active). Devices may remain powered even when the CPU is in a low power sleep state.

The mechanism for placing the CPU into a sleep state lies outside the JVM, in the Linux domain (a set of hardware registers is exposed via the proc file system). This operation is not supported directly by Java, requiring that a Sleep Manager proxy run in the Linux domain, which actually performs the CPU state changes. 

The existing power management scheme seeks only to minimize the power consumed by each node’s processor by shutting down when it is not in use. The nodes under this scheme have no notion of available power or the power requirements of their instruments or child nodes. 

It is clear that in this networked environment, it is important for the power distribution system to be robust enough to curb excessive power use without catastrophic failures. Beyond that, some degree of centralized power monitoring and/or management will be required, if the system is to fulfill its promise of self-configuration. This implies that the system be able to dynamically determine for itself  (measure) the true load presented by its payload, rather than relying on nominal stated values, which may be too conservative (allowing resources to go unused), or too liberal (exceeding the power budget).

