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1.0
Introduction

1.1
PURPOSE / Scope

This document describes the software features of the RESON 6046 Payload Controller and related top-side control and visualization program for the Thales AUV project and serves as a statement of work for the development. Moreover, this document is preliminary and serves as a point for further discussion between Thales and RESON and will be revised appropriately in due course.
Development is to be divided into two phases. Phase I reflects those features intended for initial delivery and shall address core system operation such as data collection, sensor command and control and visualization in playback modes. Phase 2 covers features to be included in the final system.

1.2
Acronyms / Definitions

	PLC
	Payload Controller: software component(s) used to coordinate and log an integrated sensor suite and to provide remote control capabilities.

	SeaBat™ 7k
	Generic term used to describe the SeaBat™ 7000 series of sonars, related software components and protocols.

	7k Format
	Record based format defined for data logging and network transmission by SeaBat™ 7k systems, the PLC and other components.

	XTF
	Extended Triton Format: An open binary data logging format published by Triton Elics International, Inc.

	ICD
	Interface Control Document.

	SSS HF/LF
	Side Scan Sonar (High Frequency and Low Frequency).

	SBP
	Sub-bottom Profiler.

	SVP
	Sound Velocity Profiler.

	DVL
	Doppler Velocity Log.

	Trigger Controller
	A PLC subordinate software component that interfaces that is used to control or initiate the system triggers.


1.3
References

	[1]
	“Interface Control Document for THALES AUV, Appendix A: SeaBat™ 7k Data Format and Types”, Version 0.25, RESON, Inc., 2001.

	[2]
	Engineering Change Proposal, “Quality Control Monitoring for the RESON 6046 Payload Controller”, version 0.01 RESON Inc., August, 2001. 


2.0 Description
The 6046 software is designed to control and collect data from a variety of sensors in a manned or unmanned environment. It consists of a Payload Controller (PLC) and one or more remote control programs to control the PLC and to provided system status monitoring and data visualization.
Figure 1 depicts the overall system layout and is described below.

Embedded diagram here – leave room below
Figure 1 — 6046 System Overview
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2.1
PAYLOAD CONTROLLER
2.1.1
Overview

The PLC runs as a NT service under Microsoft’s Windows NT 4.0 or 2000 operating systems and is able to be automatically started and shutdown by the operating system.
Each sensor, or set of related sensors, is coordinated by a module that interfaces to the PLC via a standard interface. These modules are responsible for the control and acquisition of data from its associated sensor(s), using a variety of communications types and protocols, as necessary to support the requirements of the different sensor types.

The PLC coordinates the acquisition of data from each sensor module and is responsible for sequencing, logging and time tagging the acquired data. Additionally, system status, alarm reporting and general quality control along with command routing to and from the sensors for control purposes is performed.

Control of the PLC is achieved through a dedicated socket interface that one or more local or remote clients may communicate.
2.1.2
Functional Description

2.1.1.1 Phase I

Interface and Protocol

The PLC shall use TCP/IP connection oriented sockets to listen for incoming connection requests from remote hosts for command and control and data monitoring purposes. Socket port number 6046 shall be used for this purpose.
The 7k data format and network protocol shall be used for data logging and transfer purposes. The relevant records are summarized in the following sections but are defined in [1].
Start-up Configuration

The PLC system shall utilize one or more configuration files to restore its previous state upon start-up. Additionally, a remote command is provided to restore the PLC system and its subordinate sensors to a known default state.
Command and Control
The PLC shall be capable of receiving and enacting various remote commands from one or more connected clients over an ethernet. Specific commands are defined in table 1 below and allow an optional variable length embedded ASCII command options.

Commands may be addressed to the PLC or its subordinate sensor modules or a combination thereof using the generic Payload Controller Command (record #11000) as defined by [1]. Additionally, the PLC shall support both verbose and quite modes. In verbose mode, an acknowledgement will be sent back to the host upon receiving a command, using record #11001. Conversely, no acknowledgement message will be transmitted back to the host in quite mode.

Note that PLC specific commands are detailed in table 1; individual sensor commands are specified in the corresponding sections pertaining to each sensor.
Table 1 — PLC Remote commands

	Name
	Command ID
	ASCII Command (Optional)


	Description

	Generic
	0
	Any
	Typically sensor specific command; can be any valid embedded ASCII command per record # 11000 command syntax.

	Load
	1
	
	Loads a specified sensor module.

	Unload
	2
	
	Unloads a specified sensor module.

	Start
	3
	
	Commences data logging using currently loaded and on-line modules.

	Stop
	4
	
	Terminates data logging and leaves the various modules loaded but off-line.

	Sensor Inventory
	5
	
	Solicits a list of currently available sensors that PLC may load.

	Active sensor list
	6
	
	Solicits a list of currently loaded modules that are on-line

	Add
	7
	
	

	Remove
	8
	
	

	Mode
	9
	
	Solicits a mode message detailing the current mode of the PLC.

	File
	10
	
	Sets the currently 

	Path
	11
	
	Sets or solicits a PLC status message indicating the current logging path being used and available disk space.

	Alarm
	12
	“<id>, [1|0]”


	Used to solicit a status message from the PLC listing the presently active alarms on the system or enables/disables a specific alarm by its given ID.

	Status
	13
	-
	Solicits (only) a status message from the targeted component (PLC or subordinate sensor).

	Configure
	14
	
	

	Status
	15
	
	

	Time
	16
	
	

	Verbose
	17
	“1|0”
	Sets or solicits a query for verbose (1) or quiet (0) modes thus indicating whether a command acknowledgement (record # 11001) will be send in response to a received command.

	Simulate
	18
	“1|0”
	Enables or disables simulate mode.

	Default state
	19
	-
	Sets the PLC and all subordinate sensors back to a known default state.

	Quality Records
	20
	“<id>,<1|0>
	Sets or solicits a status message indicating the state of the identified QC record  by its identifier for the given sensor:
1 – Enable 

2 – Disable


Notification Messages

The PLC may emit three (3) unsolicited message types to connected hosts, depending upon pre-determined criteria, namely: alarms, system status changes and QC messages.
Alarms
Record # 11002 shall be used to transmit pre-defined alarm messages to connected remote hosts whenever an alarm condition has been detected or a previous alarm condition cleared. The PLC may emit an alarm message at any time with a corresponding entry being made in the Survey Event Log.
Specific alarms may be suppressed by connected host(s), however, they shall still appear in the Survey Event Log. 
The specific alarm messages are TBD. 
Table 2 — PLC Alarms

	Alarm
	Alarm ID
	Description

	Disk Full
	
	PLC system’s disk is at or below critical remaining available space.

	Sensor not responding
	
	A given sensor is not responding for pre-defined period.

	
	
	


Status Change

The PLC shall transmit general sensor state change notification messages to connected hosts whenever a significant event has occurred — typically from the PLC itself or one of its subordinate sensor modules. State change notification shall be logged in the Survey Event Log.

Record # 11002 shall be used for this purpose with the following pre-defined Status Identifiers and formats.
Table 3 — Status Change Events

	Status
	Status ID
	ASCII Message Format and Description

	
	
	

	
	
	

	
	
	


Quality Control Messages

No specific quality control messages shall be transmitted by the PLC for phase I however, various record types have been reserved in [1] for this purpose — specifically record numbers 11200 to 11299. It is anticipated that phase II shall involve the specification and implementation of the QC monitoring scheme as proposed in [2].
Survey Event Log

The PLC shall maintain 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 for post-survey review. This file shall be written to the mission’s data logging directory that shall be pre-mission configurable. Each record in the Survey Event Log will be prefixed with a timestamp and a subsystem identifier.
The resulting log file shall be in ASCII format and use the following file nomenclature: SurveyName_YYYYMMDD_HHMMSS.log where YYYYMMDD and HHMMSS represent the UTC date and time respectively and the prefix “SurveyName” is replaced by a mission survey name defined during system configuration.

Trigger Controller

A Trigger Controller software component shall be used to drive the system triggerable devices and interface directly with the PLC.
For phase I, the Trigger Controller shall comprise of a simple software trigger scheme in order to cause the EdgeTech FS-AU subsystems to be triggered simultaneously in coupled mode. An ethernet command from the EdgeTech module to the EdgeTech FS-AU subsystem shall be used for this purpose.
The Trigger Controller interface shall conform to the 7k format based trigger control scheme protocol (record numbers 7300 to 7302) and shall be integrated with the hardware based solution for phase II, as described in 2.1.1.2.
Time Synchronization

The PLC shall be capable of accepting external time messages over the ethernet in order to keep its internal clock synchronized to UTC. A record in the reserved range 7400 – 7450 shall be defined for this purpose; this is TBD.
Whenever a decoded UTC message has been received by the PLC, and the local system clock determined to be out of tolerance (TBD), the system clock will be synchronized to the new time. Message aging of the received message shall be taken into account.
Additionally, whenever a time synchronization message has been received by the PLC all of its subordinate sensor modules shall be notified so that the subordinate subsystem(s) may be synchronized if applicable for that subsystem.
Logging

Data format

Sensor data shall also be logged in the 7k data format as described by [1]. Individual records used for each sensor are summarized on a sensor-by-sensor basis in the following sections.
Format Conversion
As part of the phase I effort, an off-line utility will be provided to convert logged 7k data into eXtended Triton Format (XTF). This utility shall allow multiple 7k files to be chosen and corresponding XTF files generated into a nominated directory.

Time stamping

The PLC shall timestamp all data records with the system time (typically synchronized to UTC) using the 7KTIME format for each record and writes this to the record header. Where sensors provide their own timestamp, the original timestamp shall be preserved and logged along with the embedded sensor data but not in the record header.
For example, the EdgeTech system provides a timestamp on a per ping and channel basis; this timestamp is embedded in the channel data.
File Nomenclature

The PLC shall create logging file names using the nomenclature recommended in [1], namely: YYYYMMDD_HHMMSS.s7k where YYYYMMDD and HHMMSS represent the UTC date and time respectively.

The local logging directory and maximum file size limit will be pre-survey configurable parameters; file size shall be capable of being changed remotely during the survey.
Sensor Suite

The following describes the various sensor modules that the PLC shall support and provides a functional description of the sensor modules that will be developed during phase I.

EdgeTech FS-AU

The EdgeTech module shall be an integrated subordinate sensor suite of the PLC for command and control and data logging purposes. It shall provide general startup and state restoration for the subsystems along with initial time synchronization and software triggering. Its subsystems are: SSS LF, SSS HF and SBP.

Startup Configuration

The following lists, but is not limited to, the EdgeTech system settings that will be restored or initialized when the EdgeTech module starts.

· Trigger mode
· Initial FS-AU system clock time
· Pulse file selection
· Range
· Transmit Gain
· Receiver Gain

Survey Controllable Parameters

Table 4 summarizes the embedded sensor commands that will be remotely controllable during the survey by the EdgeTech system.

Table 4 — Mission Controllable Parameters

	Parameter
	Embedded Command
	Description

	Range
	“Range, xxx.x”
	Sets the sensor range in m.

	Transmit Gain (%)
	“Power, xxx.x”
	Sets the transmit power as a percentage of maximum. 

	Receiver Gain (%)
	“RxGain, xxx.x”
	Sets the receiver gain as a percentage of maximum.

	Ping Enable
	“Ping=x”
	Enables or disables pinging for the given device, where x is:
0 – Disable

1 – Enable

	Pulse File
	“Pulse, xxxxxx…x”
	Selects the EdgeTech pulse file name for the given sensor.


Logging Record

Record number 3000 details the format in which each of the EdgeTech subsystem’s data will be logged. Each subsystem (SSS LF, SSS HF and SBP) shall be logged as separate records with the appropriate number of channels per record (i.e., 1 and 2 channels per record for the SBP and SSS subsystems respectively).
EdgeTech records shall contain two timestamps: the 7KTIME timestamp (in the record header) being the time at which the subsystem was triggered by the PLC and the EdgeTech timestamp embedded in each of the channels — see [1], appendix B.
Note that the EdgeTech data shall be embedded within the 7k record and logged verbatim. As such, the EdgeTech supplied weight factor shall not be applied to the channel data. Scaling of the data shall be a requirement of subsequent data handling, visualization and processing applications.
Time Synchronization

Due to non-deterministic transmission latencies and the potential to introduce synchronization discontinuities, it is anticipated that for phase I, time synchronization of the FS-AU shall only be done at start-up and not when notified by the PLC (upon receipt of a time synchronization message).

As a QC measure, long term inter-clock stability shall be monitored by comparing first differences (jitter) between ping timestamps.

Triggering

For phase I, the EdgeTech system shall be placed in coupled mode and triggered using an ethernet based command as noted earlier. A private message shall be routed from the Trigger Controller via the PLC for this purpose. Moreover, trigger delays between subsystems shall set to zero.
Alarms
In part, the following parameters shall be monitored as part of the system alarm status monitoring scheme and reported as noted earlier.
· Dropped pings

· System time drift

· Subsystem channel inactivity 

· FS-AU failure or alarms
The following alarms are defined for this purpose. (TBD)
Table 5 — EdgeTech Status Changes

	Message
	Message ID
	Description

	TBD
	-
	-


Sound Velocity Profiler
A dedicated PLC subordinate module shall be created to handle messaging to and from the vehicle’s main computer system for the purpose of acquiring Sound Velocity Profile (SVP) data. The module shall be a socket client to the main vehicles computer using a TCP/IP steam socket and fixed port number ?? (TBD).
Unsolicited SVP will be sent in the following format (TBD) when available. Once received, the data will logged using record number 3100. (TBD)
Navigation System

A dedicated PLC subordinate module shall be created to handle receipt of navigation data from the CAN system. The module shall be a socket client to the CAN system using a TCP/IP steam socket and fixed port number ?? (TBD).
Unsolicited navigation data will be sent from the CAN system in one of two formats as specified below. The formats are as follows:
Note that it is uncertain whether the 100Hz INS feed will be able to be handled in a timely manner and benchmark testing will need to be performed. This is a phase I task.

Table 6 —Navigation Computer Output (@10 Hz).

	Parameter
	Units
	Size

	Latitude
	
	F64

	Longitude
	
	F64

	Speed
	
	F32

	Depth
	
	F64

	Altitude
	
	F64

	Roll
	
	F32

	Pitch
	
	F32

	Yaw
	
	F32

	Northing rate
	
	F32

	Easting rate
	
	F32

	Depth rate
	
	F32

	Altitude rate
	
	F32

	Roll rate
	
	F32

	Pitch rate
	
	F32

	Yaw rate
	
	F32

	Position time
	
	F64

	Attitude time
	
	F64

	Quality metrics (TBD)
	-
	-


Table 7 —Raw INS Feed (@100 Hz).

	Parameter
	Units
	Size

	System timer
	Seconds
	F64

	GPS time
	Seconds
	F64

	Output data validity word (TBD)
	-
	U16

	INS-only latitude
	Radians
	F64

	INS-only Longitude
	Radians
	F64

	INS-only Altitude
	Meters
	F64

	INS-only North velocity
	Meters / second
	F32

	INS-only East velocity
	Meters / second
	F32

	INS-only Vertical velocity (up => (+) ve)
	Meters / second
	F32

	INS-only Heading angle
	Radians
	F32

	INS-only Pitch angle
	Radians
	F32

	INS-only Roll angle
	Radians
	F32

	INS-only Yaw angle
	Radians
	F32

	INS-only Pitch rate
	Radians / second
	F32

	INS-only Roll rate
	Radians / second
	F32

	INS-only Yaw rate
	Radians / second
	F32


2.1.1.2 Phase II

The following features will be enhanced or otherwise defined for the final system but not provided in the initial release.

Trigger Controller and Time Synchronization
The software based Trigger Controller defined for phase I shall be enhanced to drive the hardware based trigger scheme. It shall continue to utilize the existing trigger message protocol, however, it shall control the 7k trigger IO module as appropriate (TBD).

The Trigger Controller will also be enhanced to accept a 1PPS input for the purpose of maintaining time synchronization. (TBD)
Notification Messages

Quality Control Messages

Subject to discussion and subsequent agreement of the QC items to be monitored (viz. [2] or its derivatives), various sensor data streams shall be monitored for QC purposes. At this time, the reserved QC records of [1] shall be defined. ( TBD)
Logging

For phase II, optional logging in the XTF format by the PLC shall be provided. Format selection shall be a pre-mission configuration; that is, changing this mode will be prohibited once the mission is commenced.
Test Mode

Each sensor module will support internal simulate mode whereby a given module will be capable of generating a known test pattern for system diagnostics and pre-mission validation testing.
Simulate mode will be supported on a sensor by sensor basis thus this is a subordinates sensor module command.
Sensor Suite

The following describes the various sensor modules that the PLC shall support.

SeaBat™ MBES
As part of phase II, the SeaBat™ 7k system will be integrated with the PLC. In this context, the 7k system will represent a subordinate sensor module of the PLC. Note, that the 7k suite will also be capable of running independently to the PLC.

Note that existing SeaBat™ 8k side scan and bathymetry data records will also be able to be logged.
2.2
TOP-SIDE CLIENT

2.2.1
Overview

Top-side clients shall be capable of controlling individual sensors or groups of related sensors at runtime. This will include bring sensors on-line or off-line, controlling individual parameters of a given subsystem and general control of the PLC data logger.
Additionally, the top-side provides an interface to visualize collected data for rudimentary QC or review purposes and provides an interface to monitor system status and alarm conditions.

2.2.2
Functional Description
2.2.2.1
Phase I

Remote Command and Control

Using the TCP/IP based socket messaging interface, it is possible to control the 6046 from any computer on the LAN. The 6046 is a socket server to which one or more clients may communicate using the 7k data format as described by [1].

Top-side PLC clients shall be capable of sending commands to and receiving data from the PLC — both solicited and unsolicited. Messages from the PLC may originate from the PLC itself or be routed from individual sensor modules.
Playback

The top-side client shall provide a dialog-based user interface to allow one or more files from a given directory to be chosen and replayed for visualization and rudimentary QC purposes. For phase I, only 7k format file types will be supported.
The replay rate will be selectable from the main user interface with multiple files being played-back sequentially. Default replay order will be the most recently acquired file last with the order being determined from the encoded date and time embedded within the file name.
User Interface

Configuration Display

The top-side will provide a configuration dialog to allow general top-side parameters to be setup and to set and display the state of the PLC controller once connected.
This display shall include, but not be limited to, the following items:

· Time synchronization (enable/disable)
· Sensors connected
· Sensor status

· Received message statistics

An interface to allow the PLC’s acquisition file parameters to be configured will be provided, namely:

· Maximum file size 

· Logging directory

· Survey name for file prefix

Note that file transfer between the top-side and PLC units will be a normal operating system function using shared file directories over the network. No UI will be provided for this purpose.
Sensor Status and Control

Where applicable
, each sensor module loaded by the PLC shall have a corresponding dialog display on a tabbed panel of the top-side client for sensor control purposes.
For phase 1, this shall be a panel or panels to control the EdgeTech SSS HF, SSS LF and SBP subsystems. Controllable items for each sensor module are listed in section 2.1.2 of this document.
Alarms and Status

A dedicated alarm display and control panel shall be provided to allow historical view of alarms received from the PLC and its subordinate sensor suite.
Alarm conditions are listed in the PLC section 2.1.1.1 of this document.

Most recent alarms will be displayed first, with currently active alarms generating a flashing UI component to notify users of this condition.
Once acknowledged, the active alarm display will stopped flashing but the alarm will remain active until the condition is reset by a corresponding alarm clear message from the PLC or it has been canceled by the operator through the UI. Additionally, the UI will provide a method of allowing a given alarm to be suppressed, that is, not transmitted from the PLC.
Visualization
The following data displays will be available during replay for visualization purposes and will be provided for phase I. These displays will be extended to real-time operation and otherwise enhanced for phase II.

Side Scan Sonar and Sub-bottom Waterfall Displays
The EdgeTech SSS HF, SSS LF and SBP data will be displayable as separate waterfall displays; each re-sizable and dockable. SSS displays will scroll vertically and the SBP display horizontally.
By default, data from all three subsystems shall be scaled using EdgeTech’s weighting factor prior to display — this may be optionally disabled on a per subsystem basis; the PLC will have logged the raw data.

Time Series Plots
A generic time series plot display will be created to allow various parameters to be displayed on configurable plots. One or more plots with one or more trace per plot will be supported.
It will be possible to display, but not be limited to, the following parameters:

· Altitude
· Speed

· Depth

· Roll

· Pitch

· Yaw

· Acceleration East

· Acceleration North

Navigation data

For phase I, navigation data will be viewable as a table of updating values. The position will be displayed with the timestamp for which the position pertains. Most recent position shall be at the top-most of the table.
Time Synchronization

If enabled, the PLC may send time synchronization records (TBD: from the reserved range 7400 to 7450) to its remote hosts at a configurable period. The remote top-side client shall be capable of using this time to synchronize its local system clock; this shall be user configurable option.
2.2.2.2 Phase II
The following items will be modified, added or otherwise enhanced for phase II.

User Interface
Visualization shall be extended to real-time display; the following displays will be modified.
Track-Plot
Navigation data will displayable as a track-plot with optional sonar coverage overlaid. The track-plot will allow various user-selectable data layers to be displayed.
It is anticipated that, the four RESON quality flags (that are presently available) will be displayed as alternate layers on the track-plot. See reference [2] for details.
QC Monitoring and Displays
General QC displays will be defined at a later date as noted earlier.
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� — The sensor(s) must be remotely controllable.
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