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Ventana Control System Upgrade
1 Introduction:
1.1	General Description
Ventana is a work class remotely operated vehicle (ROV) that has been enhanced to conduct scientific and engineering research studies in the ocean. Ventana has been operating in Monterey Bay and coastal California since 1988. During that time it has completed in excess of 3700 dives and completed over 15000 hours in the ocean. The current control system is a Linux based system running on a rack mount computer that interfaces with the control room peripherals and subsea instrumentation. It was last upgraded in 2002. Maintaining the existing system becomes more and more difficult as components age and become obsolete or unsupported. The features and fundamental operation of Ventana are very mature. That said this proposal would seek to follow past upgrade scenarios to the greatest extent possible and only replace items that are incompatible with new hardware/software. 
The vehicles current capabilities include:
	40hp propulsion system
	1850m depth rating
	900lb fixed payload system which incorporates a 300lb variable ballast system
	Power
	Lighting: 3.4 kW 
Hotel: 1.1 kW 
Science: 3.5 kW
	Ventana also has multiple tool-sleds that are dedicated to various tasks and that can be reconfigured offline to facilitate quick turnaround between different users and research programs. These will remain as standalone items. However, as part of this upgrade, hooks should be established to allow control of these tool-sleds. The control interface and the subsea controllers would become “nodes” on the new control system rather than individual software packages/controllers. 
Over the 25 year history of Ventana the control system has been replaced twice. Each time this was achieved by completely replacing the subsea control electronics and housing with a new “package” and upgrading the control room computer hardware. The reasons for this are to minimize down time and re-use/re-task as many of the existing infrastructure as possible cable plant, instrumentation, power scheme, lighting, communication etc. As stated above, these systems are very mature and well defined, however, there is always room for improvement and simplification and it is hoped that some of these issues will be addressed. 

1.2	Purpose of Document:
This document describes the desired hardware and software features of the new ROV Ventana Control System. MBARI expects to design and supply all of the equipment, electronics and sensors.  Greensea Systems Inc. is to supply all of the control software and User Interfaces to control/operate the ROV. 
Furthermore, as MBARI is to undertake upgrading various electronic components and possibly incorporate micro controllers in various places in the design, this document serves as a point for further discussion between MBARI and Greensea Systems Inc. and will be revised as necessary. 

1.3	Acronyms / Definitions

	
	ADC		Analog to Digital Conversion
	BP		Belly Pack
	CS		Control System
	CSI		Control System Interface
	DAC		Digtal to Analog Conversion
DI		Digtal Input
	DO		Digital Output
	DTEC 		Current control system software/ hardware vendor/designer
	DVC		Discrete Valve Controller
	DVL		Doppler Velocity Log
	FOG		Fiber Optic Gyro
Gespac		subsea G96 control system
MODBUS	Industrial grade serial communications protocol for use with programmable logic controllers (PLC)
PSI	Pilot’s Station Interface
WAGO	Specific family of fieldbus PLC plus digital and analog I/O modules that can utilize the MODBUS protocol.
GFM	Ground Fault Monitor
UI	User Interface

Note: Throughout this document there are references to an appendix (Appendix 1) which contains screen captures from the existing Ventana control system UI to be used as illustration of the desired functionality. These will appear in the form of (A1-Pg1) to indicate Appendix1, Page1 of the accompanying Adobe PDF file.

2 Software:
2.1 Computing Environment
The Control System software, libraries utilities and development tools shall run on the Debian Linux 32 64 bit?bit architecture using the either KDE window manager.
2.2 Licensing
2.2.1 Perpetual License
MBARI rights to use all Greensea Systems Inc. software licensed and described in this document shall continue perpetually regardless of the presence or lack of any on-going relationship or periodic agreements with Greensea Systems, Inc.
2.2.2 Single Deployed ROV License 
MBARI requires a perpetual license to use all of the Control System Software on a single remotely operated vehicle, currently ROV Ventana. The license agreement shall allow multiple separately configurable, integrated Control System computers and displays. 
2.2.3 Transferability
MBARI shall be able to transfer this Control System and license to another single vehicle should ROV Ventana be replaced, renamed or substantially modified or refit in the future.
2.2.4 On-Shore Facility License
MBARI requires additional perpetual license(s) needed to allow both troubleshooting and further testing and development of the Control System software at an on-shore MBARI support engineering facility utilizing equipment physically separate and disconnected from the ROV and ship.
2.3 Support
2.3.1 Initial Support Period
Greensea Systems, Inc. shall provide update and maintenance, ‘bug fix’ and update support at no additional cost for a period of one year after the initial deployment and acceptance by MBARI of the Ventana Control System
2.3.2 Annual Support
MBARI may be interested in negotiating with Greensea Systems, Inc. for additional annual update support on an on-going basis.  Annual update support shall not be required for MBARI to continue to use the Control System as described in this document.
2.3.3 Build and Installation
MBARI requires that it be able to recreate the entire functioning Ventana Control System software application from scratch on new computer hardware at any time in the future without the assistance of Greensea Systems, Inc. This goal is interpreted widely to include reinstallation from distribution media, of all of the operating system files, components, development tools, compilers, drivers etc. and all Greensea Systems, Inc. provided libraries, graphical components and programs etc as source code. 
Additionally MBARI may wish to modify, extend Greensea Systems graphical components incorporated into the Control System main user interface program. Greensea Systems, Inc. shall provide source files, code, tools and instructions needed to accomplish this task.

Three copies of all of the Greensea Systems, Inc. documentation, libraries, graphical components and programs, source code etc. shall be provided on electronic media (CD or DVD).

Documentation and supplied files should be complete and enable MBARI operators to rebuild and reinstall the complete Control System Software from scratch on a new machine(s).  Documentation shall describe in detail how to install and configure:
· The Linux OS and all required packages from the distribution media.
· The required development environments, compilers, tools, utilities and 3d party libraries from the distribution media 
· All necessary Greensea Systems, Inc. source code, build files and instructions to enable MBARI to recreate the components, libraries, packages utilities and executables of the Control System software. 
· All Greensea Systems, Inc. control software customizations and configuration files.
· All other items needed to accomplish this goal.

3 Scope of Work and Technical Specifications:
3.1 Functional requirements
3.1.1 The Control System (CS) will have secure access on start-up and require password for critical configuration changes. Example: saving a temporary configuration change permanently would require a password approval.
3.1.2 The CS must have the ability to save the configuration of the User Interface (UI) to different file names for recall (A1-Pg5). This file will contain configurations for all items on each of the UI displays including buttons, sliders, bar graphs compass rose and other graphical items as described below (sec 3.2 )
3.1.3 The CS will prevent multiple instances of a CS application/configuration from running any single workstation or node at a time. The CS will prevent multiple instances of any ‘master’ CS applications from running across all computing nodes where they would create conflicts or collisions of control signals or inconsistent states in hardware or information displayed to the users. 
3.1.4 The CS will save calibration information in a separate file with historical reference. This must be a master file that applies across the control system.
3.1.5 The CS will communicate with control room peripherals:
3.1.5.0 Pilot Station Interface via MODbus (serial) 
3.1.5.1 Belly Pack via MODbus (ModTCP)
3.1.5.2 Control System Interface Via MODbus (serial) 
3.1.6 The CS will communicate with subsea peripherals:
3.1.6.0 Control can (modbus)
3.1.6.1 Fiber optic can (modbus)
3.1.6.2 Core can (modbus)
3.1.6.3 NTSC Video mux/switch direct serial or mbari/modbus/serial TBD.
3.1.7 On communication loss:
The CS shall monitor the telemetery for loss of communications with the vehicle. After suitable timout, the CS shall set a DO signal in the Control System Interface that will be wired to cut all hydraulic power. The CS shall allow a telemetry-loss timeout to be set in the configuration. (see also 5.2.2) 
3.1.8 System logging; the ability to locally log any system parameter to disk and a method to display real-time and historical traces (include auto scaling of X/Y axis or user selectable).
3.1.9 The CS will generate a menu item that allows the user to configure a series of data items for output to a serial port for MBARI external data logging at 1Hz rate. (e.g. Currently we consume ROV pressure, depth, heading, pitch, roll, altitude, CTD power on/off status, HD camera pan/tilt values). It may be possible to modify this requirement depending on access to vehicle data items via LCM or other mechanism by agreement.
3.1.10 A thruster curve will be developed/incorporated into the CS to linearize the response of the ROV thrusters to command inputs. The thrusters are controlled by Atchley servo valves Rexroth thruster and Volvo thrusters (2 x Fore/Aft –  Rexroth Fixed Displacement A2FM16, Max flow 33.9 gpm , , displacement 16 cm3/rev, 4 x Lat’s&Vert’s -  Parker / Volvo F11-010, Max flow 25.6 gpm, displacement 9.8 cm3/rev, Atchley 240 series servos 25 gpm).
3.1.11 An Application Programming Interface (API) will be specified to allow access to control system functions from 3rd party applications ie: Stanford Vision control.
3.1.12 The CS will generate a HD Video overlay output (A1-Pg62). The current system uses a VGA output which is up converted to DVI then mixed with HD video stream prior to display. Alternatives to this method will be entertained.
3.1.13 ROV Depth and Ascent(+)/Descent(-) rate in meters will be computed from pressure and latitude by the Greensea control software according to the standard oceanographic algorithm  (Saunders and Fofonoff  Deep Sea Research 1976,23,109-111)  (MBARI to provide documentation)
3.1.13.0 Computed ROV Depth shall be used in all displays of depth on the UI and also anywhere depth is required to control the vehicle (eg. AutoDepth function).
3.1.13.1 The user interface shall allow user to select the pressure sensor to be used from a list of available pressure transducers.
3.1.13.2 The user interface shall allow the operator to configure the selected pressure sensor values to be scaled and offset prior to input into the depth calculation (y=mx+b)
3.1.13.3 The user interface shall allow the operator to select either a manually entered nominal latitude (decimal degrees) or an NMEA-0183 v3.01 serial data stream  from GPS as the input of latitude to the depth calculation ($GPRMC, $GPGLL, and $GPGGA shall be supported)
3.1.13.4 All ROV depth sensor selections and inputs above shall be stored and recovered through the control system configuration facility.
3.1.13.5 ROV raw pressure and computed depth (meters), ascent/decent rate and the pressure sensor scale factors shall be available as data items for logging.
3.1.14 Tether/Cable data will be provided to the CS via a serial data stream from the ROV winch.
3.1.14.0 Message string will contain cable out, payout speed and cable tension. Cable data conforms to Measurement Technology Northwest LEGACY Protocol from the LCI90i display in the control room. Format is “RD,-TTTTT.TT-SSSS.SSS,-PPP.PPP,CCCC<cr><lf>”  (T=tension,S=speed,P=payout,C=checksum) Manufacturer documentation to be provided by MBARI. Checksum can be ignored. 
3.1.14.1 Currently the LCI90i (winch local display) updates at ~20Hz at 19.2k Baud. Therefore it may be desirable to configure a subsample or average of this stream to provide a more reasonable UI update rate of 1 to 2 Hz. 
3.1.14.2 Tension, speed and payout shall be available for display on the UI and as data items for logging.

3.2 User Interface (UI)
3.2.1 Multiple instances of user interface, at least three must utilize touch screen access.
3.2.2 Each instance must be user configurable with all items available in the control system software, page selection, individual items (buttons, sliders, bar graphs, compass rose, hardware IO points, etc) menu items.
3.2.3 The UI will have a menu system that allows access to system variables and graphic items. A typical hierarchy can be seen below in Fig 1).[image: ]
Figure 1. Typical menu layout with assignment details to configure a “Button”

3.2.4 The UI will generate an “Overlay” page/tab that will allow the user to add or remove individual items from the pilots overlay (A1-Pg61-62). It will also allow for the positioning of these items in the display. The overlay will include as a baseline a scrolling compass bar with digital heading at TDC (line 1), Auto Heading set-point (below Digital Heading, line 2), Pitch (Rightmost line 2), depth (Leftmost line 2), auto depth set-point (below depth, Leftmost  line 3), Roll (Rightmost Line 3), altitude (Leftmost line 4), auto altitude set point (below altitude, Leftmost Line 5), date/time (lower left corner), Dive number (lower dead center), hydraulic pressure (lower right). In addition to the base line, a configurable series of lines should be available and configurable through the UI menu item .
3.2.4.0 Need a way for the pilot/copilot to enter the DiveNumber that is to appear on the overlay.
3.2.4.1 The UI will generate an “Annotate” page/tab that allows the user to type text into a window, save up to four (4) individual instances and display this on the Overlay system (sec 4.2.3). The annotation will display in the center section of the Overlay. The user will be able to select an instance, display, clear and edit the annotation (A1-Pg59).
3.2.5 Each item/IO point in the system must be configurable with name, input, output, default state, default state on loss of communications?, X/Y position on display, scaling for bar graph and slider (A1-Pg65). It must be possible to assign multiple inputs to a given output and the inverse also be possible. Example of this type of interaction would be: Pilot foot pedals and pilot upper P&T controls driving the same IO points subsea, the “Upper Pan and Tilt 
3.2.6 The UI will generate a “Bar Graph” item that can be configured to accept any ADC value generated by the system. The max and min values (for scale) will be selectable along with operational bands of performance rating ie: An oil compensation display ->  min  0psi, max 30 psi, Good  min 7 max 13 green bar, 3 min 17 max yellow bar under write green bar, remaining range red bar under writing preceding (A1-Pg2).
3.2.7 The UI will generate a “Slider” item that can be connected to any of the DAC outputs. User interaction will cause the connected DAC to respond based on the position of the slider (A1-Pg41). A digital value being sent should be included in the graphic (A1-Pg2). The slider value can be adjusted by physically dragging the slider bar with the mouse or touch screen or by jogging the value with up/down jog buttons. The jog buttons should increment the value by a single point with each click.
3.2.7.0 Slider shall implement an ‘Enable’ function/button that permits the slider to be preset to a value and then activated (ex. A1-Pg2, left-center). 
3.2.8 The UI will generate a “Button” item that can be connected to any DO in the system. Fig. 1 details some of the interaction in creating a button type, output, position, color, default, etc. (A1-Pg39)
3.2.9 Each analog ADC/DAC must be configurable/ able to calibrate into human read units/relative units. Example: Sin/Cos feedback from a camera position sensor should: translate from 1.4vdc-3.2vdc to +1—1vdc real sin or cos value then calculate an angle using reverse trig function. The controlling potentiometer on the pilot’s joystick would also be scaled & biased to reflect the equivalent angle range.
3.2.10 Auto Calibrate function for 3.2.9 would be a beneficial feature. Auto calibrate takes input from the extents of the device under calibration and scales it to a user defined scale. For example: Hall effects sensors generate a sinusoidal signal as the sensor rotates through a magnetic field. By defining the MIN and MAX values as -1 and +1 respectively then selecting the raw output MIN and MAX as the sensor rotates through the field the system will generate and use a scale factor (m) and offset (b) to generate a true sinusoidal signal which can be interpreted into angles (A1-Pg44).
3.2.11 Proportional Integral Differential (PID) controllers which control the performance of auto functions and position controls must be individually tunable via the UI. KP,KI, and KD are required to be operator settable. Each PID loop will have an input variable (set point), feedback (Process variable) and output (manipulated variable) each of which will be selectable from the system analog IO. (A1-Pg14)
3.2.12 ROV Heading will be displayed in graphic “compass rose” along with an analog value. A “snail trail” history of ROV heading will be displayed on this same graphic and will show the history for a period of 120 secs. This graphic will also display an ROV turns count indicating ROV rotations with respect to a “turns reset” (A1-Pg10 lower left). An analog value of ships heading will also be displayed along with a ship’s turns count (reset with Turns Count Reset Button). The control system needs to calculate the turns count based on each time the heading of the ship or ROV passes through the heading at “turns reset”. In addition to turns resets, the CS should allow the pilot to manually enter a known turns count value to either counter (eg. in case a reboot of the system occurs mid-dive.).
3.2.12.0 ROV heading will be provided by a serial string based on the chosen input device (A1-Pg48):
3.2.12.0.1 Octans 1000
3.2.12.0.2 PNI TCMXB compass
3.2.12.0.3 RDI DVL
3.2.12.1 System should allow configuration (in advance) and use of deviation and variation corrections for each ROV heading input device 
3.2.12.2 True ship heading will be provided to the control system by a serial string, (NMEA 0183 $HEHDT format). 
It will be possible to configure more than one instance of this graphic with different primary sensor inputs. 
3.2.12.3 Independent “Turns Count Reset” is available on each instance of the graphic item.
3.2.13 ROV depth will be displayed in a graphic that shows ROV Depth, Seafloor (Altitude), Clump depth (Cable out – clump delta, clump delta should be calculated by a button input during deployment). The graphic should also display a “snail trail” of depth history, 120 sec. ROV ascent (+) /descent (-) speed will be displayed on this graphic.
3.2.13.0 ROV depth input will be from a serial source (See 3.1.13).
3.2.13.0.1 Paroscientific
3.2.13.0.2 CTD (Seabird)
3.2.13.0.3 Sonardyne HPR309 Telegram depth info.
3.2.13.1 Cable out data will be provided via a serial data stream from the ROV winch (see 3.1.14). 
3.2.14 Auto Function input must be selectable from available sources of heading input with appropriate configuration variables settable by user (A1-Pg14). Examples: Auto heading must be able to accept input from the ROV primary heading sensor (Octans), aux heading sensor (PNI TCMXB) or a tertiary sensors such as RDI DVL compass value.  Auto depth must take input from the Paroscientific pressure sensor (converted to depth per 3.1.13 above)  or other source (eg. CTD, Sonardyne HPR309). Auto altitude will take input from the Mesotech 1007 or the RDI DVL or a third altimeter.   Pilot should be able to manually enter a value for the set-point for auto-functions.
3.2.14.0 Auto Heading will have the following functionality:
Selectable from PSI or BP (only if Bellypack is enabled at PSI)
On selection will take current heading input as a set point. The set point will drive a PID loop with feedback from the heading sensor and output going to the “Turns” cmd. The Turns cmd drives the port and stbd thrusters in conjunction with the for/aft cmd. To adjust or change the set point two methods are available; one, by deselect and then re-select or two by “jogging” the turns command of the joystick. In BP mode only the deselect /reselect option is available (no turns command).
3.2.14.1 Auto Depth will have the following functionality:
Selectable from the PSI only
On selection will take current depth input as a set point. The set point will drive a PID loop with feedback from the depth sensor and output going to the “Vertical” cmd. To adjust or change the set point two methods are available. One, by deselect and then re-select Auto Depth or two; by working the jog up/jog down switch commands on the PSI.
3.2.14.2 Auto Altitude will have the following functionality:
Selectable from the PSI only
On selection will take current altitude input as a set point. The set point will drive a PID loop with feedback from the selected altitude sensor and output going to the “Vertical” cmd. To adjust or change the set point two methods are available. One, by deselect and then re-select or two by working the jog up/jog down switch commands on the PSI.
3.2.14.3 Station Keeping
Selectable from the PSI or by menu item on the UI
On selection will initiate station keeping algorithms that will hold the ROV at its current position. The UI should also initiate a graphic/menu item that allows the user to enter travel directions….(A1-Pg19)

3.2.15 The UI will have a graphic showing vehicle attitude (Pitch/Roll) along with vehicle thrust indicators. The pitch and roll values will be from the Octans serial data stream. The thrust values will be generated by ADCs modules connected to DAC modules that drive the thruster servo valves. The graphic will also display a digital value of the Main and Upper Camera pan and tilt values (and shoulder for main). A graphic indicating camera positions would be desireable.
3.2.16 A menu/graphic item called “Detritus” will be available to the user, it will display a mutually exclusive selection of “Detritus 1-8” and “None” (9 options) (A1-Pg58). The display names of these items should be easily changeable as in sec 3.2.5, allowing the operator to customize the use. On selection, the CS will direct input from the Pilot Station JS_Trigger_O/Cs to the selected ROV solenoid valve. If a “Detritus” is not selected, ie: “None” the Joystick commands are directed to DOs  on the CSI wago stack (available to be read by existing MBARI Tool-sled software).
3.2.17 A menu/graphic item called “Tools” will be available to the user (A1-Pg56-57), it will display a mutually exclusive selection of “stbd_drawer”, “port_drawer”, ”port_swing_arm”, “ port_spare1”, “port_spare2, Swing_Arm Brake, Stbd_Spare2 and “None” (7 options). The display names of these items should be easily changeable as in sec 3.2.5, allowing the operator to customize the use. On selection the control system will direct input from the Pilot Station JS_Rocker_dep/ret to the selected ROV solenoid valve. If a “Tool” is not selected, ie: “None” the rocker states are directed to DOs  on the CSI wago stack (available to be read by existing MBARI Tool-sled software).
3.2.18 (This item moved to 3.2.4.1 just to help with organization)
3.2.19 The UI will generate a graphic item that displays Thruster RPM. In addition to a “counter” input from an ROV MODbus module a “period” will be settable by the user. This will determine how much time the RPM value is averaged over (A1-Pg23). 
3.2.20 The UI will generate a graphic item that displays system communication status to each of the nodes/modules it is connected with as well as data streams it relies upon for operation such as the paroscientific or the DVL (A1-Pg1 upper-right and A1-Pg23). An error count will be displayed (reset upon restart or user input). An error graphic along with a message in the “Alarm” page will be generated. (see sec. 3.2.24)
3.2.21 The UI will generate a page or menu item that controls Ventana’s video switch (A1-Pg74) and accesses camera control software (MBARI & 3rd party)(A1-Pg71-73) An API will be provided to Greensea Inc. to access this functionality.
3.2.22 Primary lighting control (8) will be through a graphic that positions the lights on the ROV and activates them via touch screen or mouse input (A1-Pg1 and A1-Pg52). An “all off button” should also be incorporated into the graphic. When “all off” is activated the physical ROV lights will shut off and the graphics will indicate the same.
Lighting isolation (8) related to each of the above lights will prevent a “light on” cmd from happening if a particular light is isolated and a “light on” will prevent a light from being isolated until the status is changed to “light off”. Lighting isolation access will be a drop down menu item or a right click on the individual light icons in the above graphic (A1-Pg54).
Either graphic or drop down will be available or display configurable on each instance of the UI.
3.2.23 The UI will generate an ”Alarm” page/tab that displays all current and acknowledged alarms with buttons to “clear all” and acknowledge current alarms (A1-Pg63). In addition to the page/tab the UI will generate a visual flashing graphic item on the GUI (A1-Pg10). An acknowledge button on graphic will be included to clear it from the GUI. Alarm thresholds shall be configurable thru the UI and saved in the system configuration.
3.2.23.0 Alarm list will include:
3.2.23.0.1 Water alarms		( IO list)
3.2.23.0.2 Hydraulic over temp
Alarm on Over Temp (settable)
3.2.23.0.3 Analog ground fault signals	(thresholds settable) ( IO list) 
Main AC bus 
Subsea AC bus 
Subsea DC bus
3.2.23.0.4 Hydraulic level alarm Hi/Low
Generate DO to CSI if level goes above/below a certain level (settable). On an alarm condition, an output in the CSI will activate a relay (open contacts) in the Hydraulic Motor Start/Stop Cct, thus shutting down hydraulics. If triggered an override must be available to allow the operator to ignore the condition and restart the hydraulic motor.
3.2.23.0.5 Hydraulic Compensation Pressure Alarm Hi/Low
Generate DO to CSI if level goes above/below a certain level (settable). On an alarm condition, an output in the CSI will activate a relay (open contacts) in the Hydraulic Motor Start/Stop Cct, thus shutting down hydraulics. If triggered an override must be available to allow the operator to ignore the condition and restart the hydraulic motor. 
3.2.23.0.6 Humidity alarm
Alarm on high humidity (settable) Popup on Graphics/Overlay acknowledge from pilot clears alarm from screen
3.2.23.0.7 VB Flood Alarm
Based on VB Level sensor value, (settable). If the preset value is reached the flood valve is de-activated automatically. The alarm generates a flashing graphic on the Pilots overlay while the flood valve is activated. Must have an override in addition to an acknowledge button on the UI graphic.
3.2.23.0.8 [bookmark: _GoBack]VB Pump alarm ? Flashing graphic while the VB is running to indicate action to pilot. (reminder)
3.2.23.0.9 Communication Alarms
					Devices -> DVL, DepthTxdr, FOG, Aux Comp, Altimeter etc
Nodes -> Core, FO, Control, Valve Pack. Etc.
Generates an alarm on the UI if communication is lost to any of the devices.

3.3 Advanced Controls Interface

The Ventana control system currently supports an advanced controls interface that allows an external controller to receive real-time vehicle telemetry over a serial port.  Table 1 provides an example of the vehicle telemetry currently sent by the advanced controls interface.  The interface also receives simulated joystick signals over the same serial port, see Table 2 for an example.  The simulated joystick signals are summed with the pilot joystick signals and sent to the vehicle control system.  This allows the pilot to assist or disturb the external controllers efforts to control the vehicle.

Table 1
	Advanced Controls Interface Real-Time Telemetry

	Data
	Type
	Units

	Heading
	Float
	degrees

	Pitch
	Float
	degrees

	Roll
	Float
	degrees

	Depth
	Float
	meters

	Altitude
	Float
	meters

	AutoHead state
	Boolean
	N/A

	Summed Heading Thrust
	Float
	TBD

	Summed Lateral Thrust
	Float
	TBD

	Summed Axial Thrust
	Float
	TBD

	Summed Vertical Thrust
	Float
	TBD



Table 2
	Advanced Controls Interface Simulated Joystick Signals

	Data
	Type
	Units

	Heading Thrust
	Float
	TBD

	Lateral Thrust
	Float
	TBD

	Axial Thrust
	Float
	TBD

	Vertical Thrust
	Float
	TBD

	Advanced Controls Source Select
	Enum
	N/A



The new Ventana control system shall support a similar advanced controls interface to allow for the control of the vehicle by an external controller.  The new advance controls interface shall use the publish/subscribe protocol employed by the new control system as opposed to a serial port.  The advanced controls interface shall support two modes of operation.  In addition to the joystick summing mode currently supported a position tracking mode shall also be supported.  The new control system shall also monitor an emergency stop input to disable the advance controls interface immediately if problems should arise during testing.

Details of the advanced controls interface shall be fully defined during the new control system design process.

3.3.1 Joystick Summing Mode

As with the existing control system, simulated joystick signals shall be accepted and summed with the pilot joystick signals.  The simulated joystick signals shall not have any dead bands applied to them.  After the signals are summed with the pilot joystick signals the results shall be sent to the vehicle control system.

3.3.2 Position Tracking Mode

In addition to the joystick-summing mode, the new control system shall also support a position mode.  The position mode shall use an externally supplied position estimate for the automatic navigation of the vehicle.  The position estimate used for the automatic navigation modes shall be selectable between the internally generated position or the externally supplied position.

3.3.3 E-Stop Monitor

The advanced controls interface shall be controllable via the standard user interface.  In addition to the standard user interface, the control system shall also monitor an “E-Stop” digital input, which will disable the advance controls interface if asserted.

4 Control Room Hardware
4.1 New Configuration: (MBARI Supplied)
4.1.1 4 configurable instances of ROV control software User interface plus 2 nodes dedicated to other tasks (master control and overlay generation).
4.1.1.0 Pilot right display (touch screen interface)
4.1.1.1 Pilot left display upper (mouse/touch pad interface)
4.1.1.2 Pilot left display lower (touch screen interface)
4.1.1.3 Copilot left display (touch screen interface)
4.1.1.4 ‘Master’ control system, i.e. ‘no active’ gui to maximize control system communication/telemetry priority.
4.1.1.5 Video overly generation.
4.2 Sufficient Serial interface to connect to:
4.2.1.0 Subsea nodes (Main control can, Fiber optic can, Core can
4.2.1.1 RDI DVL
4.2.1.2 Octans 1000 FOG
4.2.1.3 PNI TCMXB
4.2.1.4 Mesotech 1007D
4.2.1.5 Paroscientific Pressure Txdr
4.2.1.6 Falmouth Acoustic Flow Meter
4.2.1.7  Mesotech 1071 330 khz
675 khz
4.2.1.8 Sonardyne Ranger USBL System
4.2.1.9          Ship Gyro info (NMEA 0183)
4.2.1.10 MBARI Data Logging System (RC Logger)
4.2.1.11 Control System Interface (Modbus u)
4.2.1.12 Pilot Station controller (Modbus u)
4.2.1.13 Belly Pack Controller (Modbus ModTCP).
4.2.1.14 Seabird CTD
4.2.1.15 NTSC 16->8 Video switch

5 Control System Interface (CSI)
5.1 Pilot foot pedals (4 DI)
5.1.1 Read 4 DIs “OR”ed with Pilot Upper Pan and Pilot Upper Tilt switches, primary destination Control Can. Naming convention TBD what follows is a description:
Pilot Foot Pedal Tilt Up
Pilot Foot Pedal Tilt Down
Pilot Foot Pedal Pan Left
Pilot Foot Pedal Pan Right
5.2 Power tray IO
5.2.1 Bypass Interlock (1 DO) is generated by the Bypass Command from the Pilot Station Interface (sec. 6.3.5). Interlock prevents the ROV Motor from starting in a High Pressure/loaded condition. If engaged a relay contact in the ROV Motor Start Circuit path is closed (pull low condition).
5.2.2 CS shall set 1 DO item which will be used to kill hydraulic power if CS>vehicle telemetry is lost. (see also 3.1.7)
5.2.3 NEW TO SYSTEM GF Ch selection (DO 2) Control system will generate two outputs that will automatically step through the sequence 00, 01, 10, 11 and repeat with timing between each change to be 2.5 secs (selectable). The values will select a ground fault analog channel to pass to the control system (sec. 5.2.3). The value passed will be displayed/available in a bar graph configurable as described in sec 4.2.6.
00 = Ship 480 VAC
01 = Console 120 VAC
10 = Hotel 2300 VAC
11 = Hydraulic 2300 VAC
5.2.4 Ground fault analog input (1 ADC) analog input for above
5.2.5 Ground fault DI (4) the ground fault system will generate an output if there is a fault condition. This “Alarm” will be displayed and handled as described in sec 3.2.23. The alarm descriptions are:
Ship 480 VAC
Console 120 VAC
Hotel 2300 VAC
Hydraulic 2300 VAC
Frequency




5.3 Discrete valve controller (DVC) (22 DI)
5.3.1 (Deleted)

5.3.2 Read 2 DIs, assignable with primary destination being the subsea valve pack controller: Naming convention TBD what follows is a description:
Swing Arm Brake On
Swing Arm Brake Off
5.3.3 Read 4 DIs “OR”ed with Pilot Trigger and Pilot Rocker switches, primary destination valve pack controller based on Tool (sec. 3.2.17) and Detritus (3.2.16) Item selections. Naming convention TBD what follows is a description:
Remote Trigger Open
Remote Trigger Close
Remote Rocker Deploy
Remote Rocker Retract
5.4 Digital Outputs (8 DO) 
5.4.1 To Power tray
5.4.1.0 Hydraulic level out of range
5.4.1.1 Hydraulic pressure out of range
5.4.1.2 Telemetry Lost
6 The Pilot Station Interface (PSI) All analogs in the PSI are 0-5 vdc but drive bipolar DAC outputs and should be scaled to be +/- 5vdc.
6.1 Joystick analogs (6 ADC) 
6.1.1 For/Aft cmd  This and the Turns cmd are merged into auto function and station keeping algorithms to produce thrust cmds (see sec 3.2.12/14)
6.1.2 Turns cmd provides “jog” input for the auto heading set point (see sec 3.2.12/14)
The for/aft and turns cmds are decoded into port and stbd thrust cmds by the software when the Auto heading command is not selected.
6.1.3 Lateral cmd provides pilot input to the lateral thrusters DAC
6.1.4 Main Camera Pan cmd provides setpoint to PID for Pan control
6.1.5 Main Camera Tilt cmd provides setpoint to PID for Tilt control
6.1.6 Main Camera Shld cmd provides setpoint to PID for Shoulder control
6.1.7 Add feature to be able to scale joystick thrust as a percentage of full scale.
6.2 Joystick digitals (5)
6.2.1 Spare Digital In
6.2.2 Pilot Joystick  Trigger Open  (see sec. 3.2.16)
6.2.3 Pilot Joystick Trigger Close
6.2.4 Pilot Joystick Rocker Deploy (see sec 3.2.17)
6.2.5 Pilot Joystick Rocker Retract

6.3 Pilot Left Pedestal Analogs (4 ADC)
6.3.1 Vertical cmd provides pilot input to vertical thruster DAC, this command input is disabled in Auto Depth or Auto Altitude mode. (see sec 3.2.13/14)
6.3.2 Variable Buoyancy (VB) pump cmd provides pilot input to VB Servo DAC
6.3.3 Spare 3000psi servo cmd provides pilot input to Spare Servo DAC
6.3.4 Spare analog cmd unassigned spare analog input.
6.4 Pilot Left Pedestal Digital in (28)
6.4.1 Auto depth- initiates a servo loop around the current depth reading
6.4.2 Auto altitude- (cross linked with auto depth to prevent simultaneous activation) initiates servo loop around the current altitude.
6.4.3 Auto Heading- initiates a servo loop around the current heading value. In this mode, the set point for auto heading is “jogged” by turning the joystick port or stbd. The more input the faster the rate of change. This should be tuned to allow changes as small as one (1) degree.
6.4.4 Cruise- (causes a write of current joystick thrust commands to be written to the output and held, any additional command input from joystick is additive)
6.4.5 Bypass (DI 1) - commands system to initiate a low pressure mode of operation usually around 600-800psi hydraulic pressure. Destination is the Subsea Valve Pack (DO 1) Controller and the Control System Interface (Bypass Interlock DO 1).
6.4.6 Jog up/Jog down( DI 2)- jogs the Auto depth/altitude set point up or down initially in increments of 0.1 meter, if held down the jog rate speeds up until the switch is released.
6.4.7 Upper Cam pan left/right(2)
6.4.8 Upper Cam tilt up/down(2)
6.4.9 Spare digital input(1)

The following inputs connect to a software program via DGH modules that communicates to Insite and MBARI camera packages.  In addition to taking input from the Pilot’s station the software sends setup information, WB cmds, BlkB cmds, auto focus, gain etc, a complete listing of the functionality will follow.
6.4.10 Camera Select Selects one of 8(DO) cameras in the control system which directs commands below to the selected camera.
6.4.11 Camera Focus Near (1)
6.4.12 Camera Focus Far (1)
6.4.13 Camera Zoom In (1)
6.4.14 Camera Zoom Wide (1)
The following inputs connect to software and hardware that run MBARI built toolsleds. The output of these inputs should be directed by the Control system to the CSI where they will drive the inputs to discrete (DGH) io modules
6.4.15 Toolsled Light Pan Left (1)
6.4.16 Toolsled Light Pan Right (1)
6.4.17 Toolsled Light Tilt Up (1)
6.4.18 Toolsled Light Tilt Down (1)
7 Belly Pack (BP)
7.1.1 Two x 2 axis analog joysticks (4/3 ADC)
7.1.1.0 Port thrust command
7.1.1.1 Stbd thrust command
7.1.1.2 Lateral thrust command
7.1.1.3 Spare analog
7.1.2 One x analog Potentiometer (1 ADC)
7.1.2.0 Vertical Thrust command
7.1.3 Two buttons (2 DI)
7.1.3.0 Autoheading On/Off (latching)
7.1.3.1 Kill (momentary)
7.1.4 LCD Serial output
7.1.4.0 Heading readout from Control system
8 Subsea Nodes 
	** The IO points listed here are approximate what is listed in the Master IO Excel  spreadsheet.  The where this differs, the Master spreadsheet takes precedenct  **
8.1 Main control can
8.1.1 10 DAC outputs
8.1.1.0 Main thruster servo valve pack
8.1.1.0.1 Port 
8.1.1.0.2 Stbd
8.1.1.0.3 Later
8.1.1.0.4 Vertical 
8.1.1.0.5 Spare (high flow)
8.1.1.1 Camera servo valve pack
8.1.1.1.1 Cam pan
8.1.1.1.2 Cam Tilt
8.1.1.1.3 Cam shld
8.1.1.1.4 VB pump (3000psi)
8.1.1.1.5 Spare (300psi Low flow)
8.1.2 __ ADC inputs
8.1.2.0  Main Cam Pan Sin
8.1.2.1 Main Cam Pan Cos
8.1.2.2 Main Cam Tilt Sin
8.1.2.3 Main Cam Tilt Cos
8.1.2.4 Main Cam Shld Sin
8.1.2.5 Main Cam Shld Cos
8.1.2.6 Main Hydraulic High Pressure
8.1.2.7 Main Hydraulic Secondary Pressure
8.1.2.8 Main Hydraulic Compensation Pressure
8.1.2.9 Electrical Compensation Presssure
8.1.2.10 Termination Compensation Pressure
8.1.2.11 Motor Compensation Pressure
8.1.2.12 Main Hydraulic Level
8.1.2.13 Control 24vdc sense
8.1.2.14 Valves 24vdc sense
8.1.2.15 GFI/Water 15vdc sense
8.1.2.16 Instrument 12vdc sense
8.1.2.17 Instrument 24vdc sense
8.1.2.18 DVL 48vdc sense
8.1.3 Digital Inputs (DI)
8.1.3.0 Water Alarms 24 DI
8.1.3.1 Ground fault alarms 16 DI
8.1.4 Digital Outputs (DO)
8.1.4.0 Solid state (high current 1.3 A 16 DO)
8.1.4.1 Solid State (low current <500 ma)
8.1.4.2 Dry contact (relay )
8.2 Fiber optic can 
8.2.1 24 DO (capable of sinking 30mA @24vdc DJO Tri switching card)
8.2.1.0 Stbd Sc 24 On/Off
8.2.1.1 Stbd Sc 12 On/Off
8.2.1.2 Port Sc 24 On/Off
8.2.1.3 Port Sc 12 On/Off
8.2.1.4 FO Sc 24 On/Off
8.2.1.5 FO Sc 12 On/Off
8.2.1.6 Aux Cam 1 On/Off
8.2.1.7 Aux Cam 2 On/Off
8.2.1.8 Aux Cam 3 On/Off
8.2.1.9 Main HD cam On/Off
8.2.1.10 Ctd On/Off
8.2.1.11 Schilling On/Off
8.2.1.12 Insite Zoom On/Off
8.2.1.13 Upper uC Cam On/Off
8.2.1.14 Laser On/Off
8.2.1.15 AFM On/Off
8.2.1.16 CTD Pump On/Off
8.2.1.17 Homer On/Off
8.2.1.18 Sonar On/Off
8.2.1.19 120VAC Ethernet Port On/Off
8.2.1.20 Ethernet Enable
8.2.1.21 USBL Power On/Off
8.2.1.22 VB Flood On/Off
8.2.1.23 Spare On/Off
8.2.1.24 Spare On/Off
8.2.1.25 Spare On/Off

8.2.2 6 ADC (to read PS voltages)
8.2.2.0 
8.2.3 6 DI to read GFI
8.3 Core can 
8.3.1 23 DO (lighting/instrument control) ( capable of sinking 25ma lighting relay card)
8.3.2 4 DAC (drive Minarek/SemiPower drives)
8.3.3 6 ADC (PS voltages)
8.3.4 6 DI (read HFSS index, GFI)
8.4 Valve Packs
8.4.1 32 DO (valve drivers)
8.4.2 2 ADC (PS voltage)
8.4.3 3 DI (gfi/water alarm)
	



Revision History

Revision 09112014  R.Schramm
2.1 Modified: Change OS from Redhat/Centos 64 to Debian, 32 or 64 and KDE window manager.

3.1.3 Clarified: each control system node shall prevent multiple instances from starting.

3.1.5 Corrected/clarified: interfaces to control room peripherals. Note bellypack is ModTCP.

3.1.6.3 Delete reference to Solenoid Valve Pack from sub-sea peripherals list
3.1.6.3 Added missing NTSC Video Mux/Switcher to sub-sea peripherals list

3.1.7 Clarified/simplified: actions required for loss of telemetry.

3.2.4.0 Added need for a way for pilot/copilot to enter the DiveNumber for the overlay.

3.2.12 Clarify that there are two turns counters and resets required (Ship and ROV). Added
       the requirement for way for pilot to manually enter an initial value, 

3.2.12.0.2 Replace KVH compass with PNI TCMXB compass
 
3.2.13.03 Clarified: Sonardyne is not a strain gauge, its a USBL with HPR309 telegram. 

3.2.14 Replace KVH compass with PNI, add Sonardyne HPR309 as an alternate depth sensor.
3.2.14 Added requirement that pilot shall be able to manually enter a value as the set-point for auto-functions.
3.2.14.0 Clarified, Bellypack can select auto heading only if Bellypack is enabled at the pilots station.

3.2.16 Clarified behavior of pilot joystick triggers
3.2.17 Clarified behavior of pilot rocker-switches
3.2.17 Added additional items to the "Tools" picklist.
3.2.18 Moved this overlay/annotation item to 3.2.4.1 since they belong together.

3,2,23 Clarified that alarms threshold should be settable and saved in the system configuration.
3.2.23.0.3 Removed digital groundfault signals replace with analogs.

4.1.1 Now envision up to 6 computers running Greensea CS code since no dual-head CPU's. 
4.2.1.0 Delete valvepacks serial lines as control has moved to Control Can Wago stack.
4.2.1.3 Changed reference to KVH compass to PNI.
4.2.1.5 Parosci sensors reports pressure, not depth

4.2.1.13 Bellypack is now to be ModTCP (to support wireless ethernet)
4.2.1.14 Added CTD
4.2.1.15 Added NTSC 16->Video switch (in case MBARI modbus>serial coms is not feasible)

5.2.2 Inserted DO item to kill hydraulic power if CS>vehicle telemetry is lost. (see also
      Change to 3.1.7)
5.3.1 deleted VALVE PACK#3 references
5.4.1 Telemetry lost DO (kill hydraulics).
5.4.2 Deleted toolsled controller DGH inputs. Functionality covered elsewhere.

6.1.7 Add feature to be able to scale joystick thrust as a percentage of full scale.

6.2.1 Change from Still Camera to Spare Digital In.
6.4.10 deleted meaningless "see sec 4.2.19" - section didnt exist.

8.0 Added caveat that IO Point Master Spreadsheet takes precedence over the IO points listed
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