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1.0
Product Overview

The SeaBat™ 6046 product suite is a PC-based software package specifically designed for AUV applications. It comprises of a Payload Controller (PLC) and  Data Visualization Utility (DVU).
Developed in conjunction with the RESON SeaBat™ 7000 series sonar systems, the Payload Controller is an integrated software application that runs on RESON’s 7-I Integrated Control and Processing Unit, housed within the AUV. It is designed to be a general data acquisition and command and control system for a suite of integrated acoustical and ancillary sensor data including, but not limited to, bathymetric, imagery, navigation and sundry sensor data. 
The Payload Controller is a data collection engine that runs as either a service or console program under the Microsoft™ Windows 2000, XP, or XP embedded operating systems. Running as a service, it is therefore capable of being started or shut down by the operating system.

The Data Visualization Utility is provided as either a test tool for pre-deployment checks in the AUV context or as a direct remote controller of the Payload Controller in a tethered or manned environment.  The DVU is typically resident on a separate topside computer.
In an AUV, the Payload Controller is generally supervised by the vehicle’s main computer. Upon request, an interface description is available for third party integration.
2.0
Payload Controller (PLC)

2.1
Overview

The 6046 Payload Controller (PLC) is a component of the 6046 suite; controlling and collecting data from a variety of sensors in either a manned or unmanned environment. The PLC is typically resident in the AUV and provides the following core features:
· Data collection and integrated logging

· Command and control of the integrated sensor suite
· Periodic system checking and alarm reporting
· Multiple remote client connectivity
· Survey Event Log
Each set of related sensors is coordinated by a module that interfaces to the Payload Controller via a standard interface. Modules are responsible for the control and acquisition of data from associated sensors using a variety of communications types and protocols — each specific to the given sensor type. The Payload Controller coordinates the acquisition of data from each sensor and is responsible for time tagging and logging the acquired data. System status, alarm reporting and command routing to and from the sensor suite is performed.

2.2
Startup Activation

The Payload Controller may be pre-configured to start its subordinate sensors in a given order and with a specified delay after the Payload Controller has itself started. Moreover, it is possible to specify whether active sensors and logging are to be activated when started.
The auto-start mode would typically be disabled when running in an AUV environment to conserve vehicle power; the vehicle controller would engage logging and activate sensors according to the mission plan.
The Payload Controller reinstates previous sensor and system state during startup, with the exception of the abovementioned configurable modes.
2.3
Remote Communications

Control of the Payload Controller itself is achieved through a dedicated TCP/IP based stream socket connection, through which one or more clients may communicate. The RESON SeaBat™ 7k data format and command set, defined respectively by references [1] and [3],  are used for this purpose
.
2.4
Architecture
Figure 1 provides an overview of the Payload Controller’s core layout around which various sensor modules are depicted. These modules provide sensor specific functionality in order to control and communicate with each sensor and to format collected data into relevant 7k data format records (see also references [1] & [2]).
Figure 1 also depicts various internal components — most notably, the Survey Event Log and Data collection components.
System QC functionality will be added in future versions of the Payload Controller to enhance real-time data quality monitoring and processing capacity as the need arises however, these features are not currently available (see also section 2.9 below).

Depending on predetermined criteria, the Payload Controller may transmit three (3) unsolicited message types to connected hosts, namely: alarm, system status change and QC messages. 
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Figure 1 — SeaBat™ 6046 System Overview
2.5
Survey Event Log

For post-survey review, the Payload Controller maintains a Survey Event Log detailing significant changes to the sensor or internal system state, external command requests or alarm conditions that have occurred during the mission. 
Each record in the Survey Event Log is time stamped and suitably identified for traceability purposes.
2.6
Time Synchronization

The Payload Controller provides two methods for time synchronization: stand-alone mode or slaved mode.

In stand-alone mode, the Payload Controller is capable of accepting external time messages from connected clients in order to grossly discipline its internal clock (typically to UTC). Synchronization of subordinate subsystems is also performed at this time where the subsystem is capable of doing so.

In slaved mode, and where an I/O module capable RESON SeaBat™ 7000 series sonar is present in the suite, the system time may be synchronized to an external 1PPS input. Here, the sonar becomes the master time source to which the Payload Controller is slaved.
2.6
Hardware Synchronization

Where an I/O module equipped SeaBat™ 7000 series sonar is present in the system, the sonar’s I/O module may be configured and used to externally trigger sensors in the suite. The PLC supports this by permitting 7k-based trigger setup and execution commands to be routed directly to the sonar.
2.7
Data Collection and Logging

Sensor data is acquired time stamped and logged using the RESON 7k data format as given in reference [1].

Logged data file names may be specified by a remote client. Typically, however, file names are generated automatically during the survey based on size using the following nomenclature: YYYYMMDD_HHMMSS.s7k. Here, YYYYMMDD and HHMMSS respectively represent the current system date and time. The default data file size is 200 Mbytes but is configurable.
A configurable record overlap between successive files is also maintained to aid post-processing. The overlap is specified in terms of the number of records.
The Payload Controller time stamps all sensor data records and the 7k header is logged using this time stamp. Sensor provided time stamps are typically preserved and logged with the embedded sensor data.

The Payload Controller may be configured to subscribe to different SeaBat™ 7000 series data record types
 thus allowing flexibility in data collection including access to raw data.  The following modes, or any combination thereof, are provided:
· Auxiliary sensors
· Beam data

· Bathymetric data

· Backscatter imagery

· All data
2.8
Supported Sensors

The following sensors are currently supported
:

· RESON 7000 series sonars
· EdgeTech FS-DW System (Sidescan Sonar and Sub-bottom Profiler)
· BlueFin Vehicle Data format (c.f. reference [2], appendix B)
2.9
QC Monitoring

The Payload Controller supports core system monitoring and the reporting of subsequent alarms to both the Survey Event Log and connected remote clients.

Data quality monitoring during the mission is considered a key area of future development for the Payload Controller. As depicted in figure 1, the Payload Controller permits data specific QC modules to be readily added to the core data collection engine to handle QC processing.

Various processing modules, algorithms and parameters are currently being explored which include, but are not limited to, the following:

· Acquisition metrics and statistics
· Instrument quality flag monitoring, where applicable
· Statistical analysis of sensor data. For example, analysis of side-scan sonar and sub-bottom profiler echo returns (statistical descriptors and metrics for echo envelope and water column noise)
· Imagery sub-sampling (adaptive wavelet compression techniques for transmission over bandwidth limited links)
· Sonar derived bathymetry QC parameter monitoring
· Texture analysis of imagery and correlation with bathymetry derived DTM data
2.10
ROV versus AUV Operation

There is fundamentally little difference in the Payload Controller’s operation in either an AUV or ROV environment. The primary consideration is the available bandwidth through which the Payload Controller and its remote client(s) would communicate.

When the Payload Controller is operating in an AUV, the vehicle’s controller would typically be the master controller. The vehicle controller would typically provide command and control and status monitoring capabilities; data subscription would not typically occur.
If a suitable low bandwidth link
 (for example, an acoustic link) exists between the Payload Controller and the DVU, the DVU could be used to provide remote command and control capabilities.
In an ROV application, the 6046 Data Visualization Utility (DVU)
 would typically be the remote client. 

Figures 3 and 4 (appendix A) provide a top-level overview of the software configurations relevant to the AUV, ROV and manned vessel scenarios.

3.0
Data Visualization Utility (DVU)

3.1
Overview

The Data Visualization Utility (DVU) is a top-side client program that provides rudimentary command and control capabilities and the capacity to visualize and play-back recorded data. It provides control of individual sensors parameters, general control of the Payload Controller data collection engine, the facility to monitor system status and alarm conditions and visualize data in real-time.

Although the DVU is primarily intended for pre and post mission checks, it may be used in either a manned or tethered configuration for real-time control and visualization.

In an AUV configuration, the vehicle’s main control computer would typically replace this component to provide command and control during the mission.

3.2
Remote Command and Control

The DVU is a client of the Payload Controller using a TCP/IP-based stream socket and messaging interface. It is capable of sending commands to and receiving data from the Payload Controller — both solicited and unsolicited. Messages from the Payload Controller may originate from the Payload Controller itself or be routed to or from individual sensors. 
3.3
File Playback

The DVU provides a dialog-based user interface to allow multiple files from a selectable directory to be chosen and replayed for visualization and QC purposes. Currently both the RESON SeaBat™ 7k Data Format and XTF file formats are supported.
Note that file transfer between the DVU and the 7-I system is considered a normal operating system function (using FTP or shared network folders or similar) and therefore a user interface is not provided for this purpose.

3.4
User Interface and Visualization

The DVU provides configuration dialog items to allow general parameters to be configured and to set and display the state of the Payload Controller and sensors connected thereto.
Panels are provided to control individual subsystems. Figure 2 shows the panels pertaining to the EdgeTech FSDW system (high and low frequency side-scan sonar and sub-bottom profiler (SBP) subsystems).
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Figure 2 — Main panel of the SeaBat™ 6046 Data Visualization Utility

3.4.1
Waterfall Displays

Waterfall displays are provided for visualization of side-scan sonar and sub-bottom profiler data — each as separate resizable scrolling windows that update asynchronously whenever a relevant data record is received from the Payload Controller.

3.4.2
Time series plots

A generic time series plot display allows various parameters to be displayed on configurable plots. One or more plots with one or more trace per plot are supported. Displayable parameters are configurable and include, but not be limited to, the following:

· Altitude

· Speed

· Depth

· Attitude

· Vehicle velocity and acceleration components

3.4.3
Navigation

Navigation data is viewable as a table of updating textual values. Position is displayed with its corresponding time stamp. 

3.4.4
Bathymetry

A scrolling bathymetric data display is provided to visualize scrolling 2D profile data. Manual or automatic scaling and clearing of the display through the use of a window-based menu is provided. 
3.4.5
Alarms, Warnings and Status Display
A display panel is provided to permit alarms, warnings and status messages to be displayed as and when received from the PLC. The DVU additionally provides an audio alarm and flashing display component to alert the operator. This panel also provides controls permitting alarms and warnings to be suitably acknowledged and/or canceled and the audio to be muted.
4.0
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6.0
Appendix A — Configuration Scenarios
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Figure 3 — SeaBat™ 6046 / 7000 software relationship in an AUV scenario
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Figure 4 — SeaBat™ 6046 / 7000 software relationship in an ROV or manned vessel scenario
� —	As well as to collect logged data.


� —	This also depends on the sonar’s capabilities


� —	The supported sensor list is expected to grow rapidly. Please check periodically with your local RESON office for updates.


� —	TCP/IP capable link


� —	See section 3.0 below.
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