SONARDYNE INTERNATIONAL

COMMERCIAL IN CONFIDENCE

MBARI – AUV Docking Station  29th July 2005

Project : MBARI AUV Docking System 

4000m rUSBL HF Transceiver 

Delivery Date : 

Required early December 2006 

Transponders : £2,388 each 

Based on Type 7835-000-02 (Long Life Lithium Battery) 
Same mechanical design 
Fitting with Type 7815-000-07 Prospector sim LBL firmware 
Hardware modification for 300ms blocking period 

Transceiver : £22,500 each (special engineering price) 

Wooden packing box supplied 
Connector plus 20m tail 

Type : Based on Type 8024 HF SCOUT transceiver 
Engineering modification to 4000m rated for forward looking deep water USBL mode 
Compatible with Type 7835 beacons with Prospector LBL firmware 

Mechanical 
4000m rated Al housing, hard anodised. 
Standard AGM connector 
        Option for preferred connector choosen by Sonardyne (TBA) 
Single piece housing 
Pressure balanced RX + TX array 
As short a housing as possible 
NO MTi IMU sensor 
Dimensions to be supplied as soon as available 

Electrical 
RS485 interface 
Input voltage 18 to 50VDC 

Firmware Interface 
PAN command language interface 
Interrogation of standard OBC and Prospector beacons in simultaneous mode
Remote Head option

This will mean the remote transducer will be 175 to 205mm long x 148mm OD (6.9 - 8” long x 5.8 dia). The remote electronics pod will be 500mm x 148mm OD (19.7 x 5.83. 

The additional cables and connectors add cost and complexity. 

The NRE will be £5,000 (~$9k). The transceiver cost will be increased by £4,900. The total transceiver cost will therefore be £22,500 + £4,900 = £27,400 ($49,075 + $9k NRE - ~ $20k more than standard). 

Update Rate
The Type 7835 has a standard max update rate of 800ms (blocking period) + interrogation time + 2-way travel time. This is set in the transponder and is to reduce the chance the chance that in a multipath environment old interrogations will re-interrogate the beacons ie a reverb delay or hold off. This can be reduced. In addition the standard beacons have a long turnaround time (TATS) because there can be many thousands of interrogations. If the number of beacons being used is reduced, then the max update rate for the beacons can be reduced. 

In fact this is almost exactly what the beacons can do with slightly different firmware used in our mini LBL GPS calibrated PROSPECTOR system, see attached brochure. These have a simultaneous and sequential interrogation mode. Using the simultaneous mode both beacons would reply on different TATs under your control. Therefore the update rate for 2 beacons would be halved. The max update rate because of interrogation period is also much shorter. 

With relatively standard firmware 2 beacons would reply to the same interrogation within 275ms. Allowing a little bit of time for reverb to die down we could reduce the blocking period to say 350ms. Your max update rate would therefore be 350ms+ for 2 beacons. Would this be more acceptable?
Input Voltage:

Tx board has been designed to accept 18V to 50V, with nominal supply voltages of 24V and 48V.
	MECHANICAL
	

	Depth rating
	4000m 

	Size (Length / Outside Diameter
	560mm (22”) / 150mm (5.9”)

	Weight (Air / Water)
	14.8kg / 5.5kg

	Materials
	Aluminium Alloy, hard anodised


	ELECTRICAL
	

	DC Voltage
	24VDC

	Current (Typical / Peak) @ 24VDC
	900mA Max, 2.5A max

	Communications
	RS485 (half duplex)

	
	


	ACOUSTIC
	

	Range
	>1500 depending on beacon type

	Range accuracy
	Better than 0.2m (known SV)

	Positioning accuracy
	0.1 to 0.5% slant range

	Source Level
	195dB re 1uPa @1m


Wide Band 

Both the Fusion MF USBL system and the SCOUT USBL system are fully wideband (or digital spread spectrum) capable for both positioning and communications. The USBL systems on the Pt Lobos and the Western Flyer are of this type ie Wideband capable. Both systems from the front end digitally capture, sample and using digital correlation processing detect all signals to provide range, bearing and communications data. This provides significant advantages in detection capability. To enable full wideband operation the system must however be used with a wideband beacon that transmits wideband or spread spectrum signals. The Pt Lobos and Western Flyer do not have wideband beacons, yet. They can upgrade to wideband beacons (Compatt 5 and FSM (Fusion Sub Mini), and we are releasing a new wideband beacon for ROVs that would be very suitable for them. However to be honest wideband for their requirements does not make a significant difference because.. 

Wideband enables much higher speed and more rugged communications. 

Wideband enables many many more channels to be used in the water at the same time by using the available bandwidth better. This enables lots of vessels to track lots of different targets concurrently, at the same time in the same water column. We are using this in many places around the world where drilling/survey/ROV vessels etc are operating close together. MBARIs ROV positioning requirements are not really limited by the use of the bandwidth available. 

Wideband enables a dramatic increase in ranging precision. We are now achieving 10mm true accuracy, better repeatability, and dramatically better resolution over very long ranges. However USBL is not limited by range accuracy. 

It helps in noisy environment such as drilling vessels. Sonardyne USBL transceivers are extremely good anyway in noisy conditions because of their unique array design. The MBARI vessels are not that noisy anyway. 

It helps in deeper water because the signal length can be increased, so more energy is transmitted, but without reducing the ranging precision. 

It helps enable you to determine the true path, mitigate effects of mulipath. Multipath not really a problem for your application on the West Flyer. Might help of the Pt Lobos as the ROV comes close to the surface. 

It does not however improve bearing determination which is the key limiting factor for USBL accuracy. However the pitch, roll, heading sensors are ultimately the limiting factor in deep water. 

We have a wideband beacon that will work with SCOUT. However it is larger and a disadvantage of wideband is that the quiescent currently consumption will be higher. The FSM beacon would not provide you with the years of battery life available in the Type 7815 / 7835 beacons within a small package. Can Linkquest provide such good battery life in such a small package? 

In conclusion we have wideband or digital spread spectrum already in the transceiver. Using wideband transponder for your application would not be an advantage and would be detrimental to battery life/size.
IMU
We are happy to include it as it was in the proposal. It is a very good MEMS IMU, 3 axis acc + a axis gyro + magneto resistive elements. RS232/485 or USB pitch, roll, heading data. Or we can exclude it and save about 1.5 inches.
From Brochure
1.1.1 Technical Specifications 

	Feature
	Type 8024
	 

	Operating Frequency
	HF (35–55kHz)
	 

	Operating Range 
	500 Metres 
	 

	Acoustic Coverage
	±90° below transceiver
	 

	Accuracy
	±2.75% of Slant Range (With integrated heading/pitch/roll sensor)
±0.5% of Slant Range (With external heading/pitch/roll sensors)
	 

	Tracking
	Simultaneous tracking of multiple subsea targets
	 

	Integrated Sensors
	Magnetic heading (0.5deg) and Pitch/Roll (0.25deg)
	 

	Deployment Method
	Through-hull or Over-the-side (Aluminium Bronze)
	 

	Dimensions (LxDia) 
	500mm (19.7”) x 145 mm (5.7”)
	 

	Power
	48VDC
	 

	Communications
	RS485
	 

	Weight in Air
	10Kg
	 

	Weight in Water
	2.2Kg
	 

	Materials
	Aluminium alloy (hard anodised) & plastic
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Commercial In Confidence
This document has been prepared for MBARI, regarding Sonardyne's supply of a forward looking Scout USBL System.  It contains Sonardyne proprietary information and is issued commercial-in-confidence.

The contents of this document must not be divulged to any third party without Sonardyne's written permission.

S O N A R D Y N E   I N T E R N A T I O N A L   L I M I T E D

Blackbushe Business Park  Yateley  Hampshire  GU46 6GD  United Kingdom

Tel :+44 (0)1252 872288    Fax :+44 (0)1252 876100
USBL System
Price:

~ 22,500 pound sterling ($40,309)
Existing Sonardyne USBL systems

Existing Sonardyne USBL systems combine GPS, heading and attitude data on a vessel to compensate for the vessel motion and determine an absolute position of an acoustic beacon fitted to a target(s).

The systems normally operate in the vertical mode ie looking down. However because all of the signal processing electronics is built into the instrument or transceiver it is designed to operate in both the horizontal (forward looking) and vertical (inverted) upward looking mode.

Two types of motion sensors or Attitude Heading Reference Sensors (AHRS) are typically used:

· External – high accuracy gyro compass/VRU or combined Ring Laser Gyro.

· Internal – Integrated pitch/roll sensors with the option of an attitude corrected  magnetic compass (fluxgate or magneto-resistive).

The solution proposed in this proposal is based on the Sonardyne SCOUT USBL system transceiver which incorporates an integrated pitch/roll/magneto-resistive heading sensor. This system is fully developed and operating in the field with numerous customers.
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SCOUT System topside power supply and computer unit in operation.
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SCOUT transceiver being mounted prior to deployment.

Relative Accuracy

· Range accuracy is better than 0.2m (0.66 feet) (assuming the correct speed of sound is known).

·  System performance better than 0.5% 1Drms slant range (63% of fixes)

· All transceivers tested to better than 0.1% of slant range.

Modifications for Oceaneering Application

To meeting Customer’s requirements a number of modifications are required:

Pressure Housing
The SCOUT transceiver pressure housing must be modified to within in excess of 4000m pressure. This is a simple task. The pressure housing can be designed and tested with Finite Element Analysis (FEA) techniques to test the performance prior to manufacture.

USBL Transducer Array
The USBL transducer array and endcap must be modified to be with 4000m depth. This is more complex requiring the pressure balancing of the array, however the design and testing work have already been completed for the SCOUT transceiver sister instrument. This therefore only requires minor modification to the design.

Serial Command Interface

To provide control to the MBARI AUV control system we need to modify the serial interface protocol to provide a custom command interface. This will be a master / slave interface where the MBARI system must request a positioning cycle with prior commands to set-up acoustic parameters, max range etc. The instruments will reply with x,y,z position of the beacon relative to the transceiver reference frame.
Detailed note on the serial protocol are attached in Appendix A.
Power Supply
To operate on the platform the transceiver needs to be powered from a 24VDC supply rather than a 48VDC supply. This is a matter of changing the particular DC-DC converter used internally.

Shallow Water Trials

By the end of July 05 we will have a demonstration SCOUT USBL system in our office in Houston. This could be made available for a shallow water demonstration. The transceiver is designed to be deployed below a vessel and therefore the transducer array is designed to withstand pressures of no more than the equivalent of 100m (300 feet).

If the trials could takes place in water shallower than this depth then this system could be used to demonstrate the system concept and performance within the next few weeks. The tests would use Sonardynes’ USBL software to display the position relative to the transceiver reference frame.

If the system is required to be operated by the Customer system then we will require 3-4 weeks to implement the firmware changes necessary to provide a dedicated serial protocol and interface. 

Transceiver Specifications

Specifications in italics are estimates based on the existing Type 8024 SCOUT transceiver design.

	MECHANICAL
	

	Depth rating
	4000m 

	Size (Length / Outside Diameter
	560mm (22”) / 150mm (5.9”)

	Weight (Air / Water)
	14.8kg / 5.5kg

	Materials
	Aluminium Alloy, hard anodised


	ELECTRICAL
	

	DC Voltage
	24VDC

	Current (Typical / Peak) @ 24VDC
	900mA Max, 2.5A max

	Communications
	RS485 (half duplex)

	
	


	ACOUSTIC
	

	Range
	>1500 depending on beacon type

	Range accuracy
	Better than 0.2m (known SV)

	Positioning accuracy
	0.1 to 0.5% slant range

	Source Level
	195dB re 1uPa @1m


Connection Details :

Connector Type : AGP 8-way Female

	Pin
	Use
	Tail colour
	Comments

	1
	Ground
	Screen + Drains
	Used

	2
	+ Ve 24VDC Supply
	Red
	Used

	3
	RS485 +
	White
	Used

	4
	RS485 1
	Blue
	Used

	5
	O volt coms
	Green
	Not necessary

	6
	- Ve Supply
	Black
	Used

	7
	RS232 RX Aux Data (Motion Sensor)
	Orange
	Not necessary

	8
	RS232 TX Aux Data (Motion Sensor)
	Yellow
	Not necessary

	N/A
	Not used
	Brown
	Not used


Update rate

The maximum update rate will be ~900ms at zero range with an additional 40ms per 100 feet range.

Mounting Issues

The SCOUT transceiver should be mounted at the front of the platform with a clear line of sight to the beacon on the structure. Shown below is a similar instrument mounted to a work class ROV. The red coloured transducer array is shown to be clear visible at the front of the ROV.
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         ROV-Homer Instrument mounted on an work class ROV

Optional compensation for platform attitude & heading

We can provide a mechanically integrated low-cost AHRS. This is a MEMS based pitch/roll and magneto-resistive heading sensor combination built into the SCOUT transceiver. The data output is via an RS232 or 485 interface.

This pitch / roll / heading data can be made available on the platform for integration within the Oceaneering system. 

Optionally the data could be used, or alternative higher grade AHRS, for compensation of the platforms dynamics by Sonardyne software. This would enable platform motion corrected positions to be output to the platform DP system.  

Deep Water Trials

To make the design modifications required and produce a prototype unit will require a period of 8 weeks from go ahead.

Beacon Specifications
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	Type 7835
	

	Depth rating
	4000m (13,200 feet)

	Size (Length / Outside Diameter
	353mm (13.9”) / 64mm (2.5”)

	Weight (Air / Water)
	1.9kg / 1.2kg

	Materials
	Aluminium Alloy, anodised

	Source level
	183dB re 1uPa @ 1m

	Listening Life (Alkaline / Lithium)
	18 months / 36 months

	Acoustic Channels
	>3000


Prices :

TBA
DELIVERY

Sonardyne would confirm the delivery schedule of the items listed in this proposal upon receipt and acceptance of an order.  

INSTALLATION, COMMISSIONING, TRAINING AND SYSTEM SUPPORT

Installation and Commissioning

Should an engineer be required to assist with the installation and commissioning of the system, then he will be charged at Sonardynes' standard offshore day rate, which is currently £817 per day for work in Norwegian waters and £743 per day for work in the rest of the world.

Travel and expenses will be re-charged to the customer at cost plus 15% unless paid directly by the customer.

Support

Sonardyne operate a 24 hour / 365 day a year emergency helpline, which is able to answer technical questions and provide a high level of support.  The helpline staff have access to Sonardyne technical documentation and can also help organise the supply of emergency spares if required.

Sonardynes’ main office is located in the UK at Yateley in Hampshire.  This location houses the manufacturing and engineering departments of Sonardyne International Ltd.

Sonardyne also has regional offices in Houston Texas, Singapore, Aberdeen and Macae in Brazil.  The offices in Houston and Singapore are able and competent to carry out repairs to returned Sonardyne equipment locally, thus ensuring a fast turn-around time for repairs.  They also carry spares stock, enabling a quick delivery of items to the vessel.  The regional offices are also able to offer first line technical support.
TERMS AND CONDITIONS

· Sonardyne’s standard terms and conditions of sale would apply to any sale arising from this proposal.  A copy of these terms and conditions is available upon request.

· The prices listed do not include quarantine certificates, certificates of conformity or any special packing requirements or taxes that may be required.  These costs will be re-charged to the customer at cost plus 15% unless paid directly by the customer.

· Equipment is supplied in Sonardyne standard packaging.
· All prices are quoted in Pounds Sterling, packed ex-works Blackbushe, UK.

· This proposal is valid for 60 days from its date of issue.  After this period Sonardyne International Ltd must revalidate it.

SONARDYNE COMPANY PROFILE

Sonardyne International is an established worldwide market leader with over twenty years of experience in the specialist technological design and manufacture of hydro-acoustic systems for the Marine and Offshore Oil & Gas Markets.  In 1994, as recognition for the technological advancements made in the field of acoustic design and engineering, Sonardyne was awarded The Queens Award for Technological Achievement.  The 1999 Queens Award for Export has subsequently followed this.

Sonardyne is a privately owned British company with its headquarters in Hampshire, some 60 kms west of London.  A regional office is located in Aberdeen, Scotland and subsidiary companies are established in the global centres for the oil and gas industries, Houston, USA; Singapore, Oslo, Norway and Macaé, Brazil.  In addition to these offices, an international network of representative agents and support centres also exists to service and support our clients’ worldwide.

Sonardyne design, manufacture, supplies and operate a comprehensive range of hydro-acoustic positioning and telemetry instruments for a wide range of applications.  These include the accurate subsea positioning of equipment and structures on the seabed such as oilrigs, pipelines, wellhead equipment, templates, anchors and turret mooring systems.  Other applications include hydro-acoustic navigation reference systems for dynamically positioned vessels.

In the field of subsea engineering, Sonardyne are world leaders in acoustic telemetry.  Acoustic telemetry is utilised for remote data acquisition and logging of downhole sensors, pipeline sensors, in-ocean experiments and control/monitoring of wellhead valves and other subsea equipment.

Sonardyne is the world leader in the supply of marine seismic streamer positioning equipment for which it won the above award.  The experience and expertise within Sonardyne in the positioning of large seismic system arrays for both multi-boat and multi-streamer is unique and unparalleled.

In the general marine market Sonardyne manufactures a range of oceanographic instruments, these include telemetering tidegauges and acoustic releases.

The key to this success has always been unrivalled expertise and reliability coupled with Sonardyne’s commitment to continuous product development, which is geared for flexible custom engineering.  The high level of reliability has been achieved by manufacturing all products in-house thereby ensuring total quality control which in turn has produced instruments with a reputation for 100% performance under the harshest environmental conditions.

The Sonardyne range of products include:

· Long Baseline Positioning Systems (LBL)

· Short Baseline Positioning Systems (SBL)

· Ultra Short Baseline Positioning Systems (USBL)

· Integrated Long & Short Baseline Positioning Systems (LSBL)

· Integrated Long & Ultra Short Baseline Positioning Systems (LUSBL)

· Integrated Long, Short & Ultra Short Baseline Positioning Systems (LSUSBL)

· Marine Riser Angle Monitoring Systems

· Acoustic BOP control Systems

· Acoustic Positioning Software

· Construction Installation Monitoring Equipment

· Seismic Streamer Positioning

· Acoustic Telemetry, Data Loggers

· Transition Zone & Ocean Bottom Cable Positioning Systems

· Acoustic Actuators

· Transponders, Beacons

· Pingers, Responders

· Diver Tracking

· Through-Water Communications

Sonardyne International is accredited to the quality standard ISO9001:2000.
Appendix A

The Syntax examples show the command in bold, which is then echoed in the reply along with response.

Transceiver Configuration:

	Mnemonic
	Function
	Syntax example
	Details

	RS
	ReSet
	RS
	Reset the transceiver (can also be done via a "serial break")

	FV
	Firmware Version
	FV V8.01 HMF,XC,LB,USBL
	Retrieve the transceiver firmware version

	PG
	Preset Gain
	PG0 PAN TDR GAIN: VLOW

PG1 PAN TDR GAIN: LOW

PG2 PAN TDR GAIN: MEDIUM

PG3 PAN TDR GAIN: HIGH
	Set Transceiver gain level - defaults to HIGH

	PL
	Power Level
	PL0 PAN POWER: VLOW

PL1 PAN POWER: LOW

PL2 PAN POWER: MEDIUM

PL3 PAN POWER: HIGH
	Set Transceiver power level - defaults to HIGH


	ESV
	Estimated Sound Velocity
	ESV1485.0
	Estimated Sound Velocity (m/s) - the transceiver requires an estimate of Sound Velocity, SV, in order to derive accurate direction information and turn acoustic travel times into distances. (Default = 1485.0m/s)


	LW
	Lbl Wait
	LW3
	Maximum receive window (s) - determines maximum working range (=LW*SV) to beacons. (Default = 3s)


Positioning:

The following command provides the ability to range to and derive the position of any beacon:

	Mnemonic
	Function
	Syntax
	Details

	POS
	POSition beacon
	POS V103,6 R100.00,X80.00,Y0.00,Z60.00

POS B54 R50.00,X30.00,Y40.00,Z0.00

POS B54 R50.00

POS B82 R0.00

POS CCIF,8,250 R150.00,X120.00,Y0.00,Z90.00
	Range to and position of the specified beacon (in transceiver frame)

R = range (m), X = starboard (m), Y = forward (m), Z = down (m)

If the direction can not be determined (e.g. due to poor acoustics), only a range value will be returned.

A range of zero (R0.00) indicates that no reply signal was detected.

Supported beacon types are:


Sonardyne SST/OBC Beacons (Vadd,rep) (add = Address, rep = Reply)


HPR-400s (Bxx) (xx = HPR Address)


Sonardyne COMPATTs (Cint,rep,tat) (int = Interrogation, rep = Reply, tat = Turn Around Time)

The command can take up to LW + 0.5s before replying.
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