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Dorado Memo
Date:  11/01/02
To:  Dorado Team

Cc:  
From:  Hans Thomas
RE:  Long Baseline  Boardset & Modem Recommendations

Introduction

The baseline Dorado functionality includes low-frequency long baseline navigation as well as acoustic communications capabilities. Technology improvements over the last five years, primarily in highly integrated digital signal processors (DSP’s) and wide dynamic range analog to digital converters (ADC’s), have resulted in several new solutions for navigation and communications which are more compact, lower in power, and more robust than their predecessors. In this memo, I will present the discussions we have been having with several developers and vendors of relevant hardware, and make recommendations as to how we should proceed in outfitting the Dorado vehicles.

History

In the past, long baseline navigation functionality for the Odyssey and Dorado AUV’s was provided by a modified Edgetech PS8000 boardset. These boardsets consisted of microcontroller-based synthesizer for tone generation, a power amplifier, and discretely tuned analog filters followed by hard limited detectors for reply tone detection. A wideband pre-amplifier (an octave in width) was applied to the raw transducer signal prior to filtering and detection, making the system highly susceptible to any noise in the octave. The analog signal processing resulted in a fairly large package of electronics, but with a fairly low quiescent power draw. Benthos, Simrad, and Sonardyne use similar signal processing architectures in their current generation systems.

 A few commercial vendors and research labs are beginning to offer all digital solutions for tone detection and ranging. The transition to digital allows the use more sophisticated schemes of signal modulation, including spread spectrum coding, to improve the robustness of signal detection in complex noise and scattering conditions. Sonatech, for example, markets the NS-030 system, which utilizes a DSP to perform both tone generation and detection, and features the ability to operate across wide frequency ranges; this system is designed to utilize traditional narrowband coding.  Link-Quest, Oceano, and most recently Benthos all market systems utilizing spread-sprectrum coding to improve signal to noise ratio when operating in complex noise and multipath environments, or at long ranges with medium frequencies. Linkquest, for example, utilizes wideband coding of long-duration pulses to achieve centimeter-level measurement of two way travel time. WHOI is also developing a DSP-based long baseline capability using their Micromodem hardware, which will integrate narrowband and wideband coding for long baseline operation together with acoustic communications capability.

Vendor Discussions

The low-frequency acoustic requirement for Dorado is to provide a long baseline ranging capability compatible with the TR7000 transponders currently owned by MBARI. These transponders operate in the 7 to 15 kHz range, and require a narrowband interrogation pulse between 5 and 10ms long. An additional requirement is to provide a slave interrogation capability for emergency search and vehicle tracking.  At this time, the following vendors have been contacted regarding this acoustic hardware: Linkquest, Benthos, WHOI, Edgetech, Sonardyne.

Linkquest can provide a low-frequency spread-sprectrum modem, based on their UWM4000 system, which provides sequential spread sprectrum ranging to a number of Linkquest transponders. This system utilizes proprietary acoustic codes, and would not be compatible with our existing transponders.

Benthos can also provide a low-frequency spread-sprectrum modem, based on their ATM885 boardset, with the same sequential  spread-sprectrum ranging capability. In addition, they have offered to develop the necessary firmware to allow CW interrogation of the TR7000 units. This capability would preserve modem functions, as well as spread-sprectrum ranging capabilities. Benthos has provided a quote for this development effort ($16K), and can complete the firmware in the December/January timeframe; their DSP software developer estimates the time for this effort to be two weeks. In addition, the ATM885 modem boardsets provide an amplified analog signal from the transducer which can be recordered offboard for troubleshooting.

Lee Freitag at WHOI is developing CW ranging firmware as part of an NSF-funded upgrade program for ABE, JASON, and ALVIN.  In the future, WHOI would be moving to spread sprectrum interrogation, using micromodems and (possibly proprietary) spread sprectrum coding. Based on personal communication with Lee and with Dana Yoerger, the timeframe for this development would be between December and end of January.  If the development is successful, WHOI DSOG would standardize on these modems and transponders. These modems, in some configurations, provide a digital recording capability for playback and analysis.

Edgetech is working to replace their PS8000 boardsets with a new DSP based system. The main point of contact at Edgetech, Steve Smith, couldn’t provide any details regarding this effort. Edgetech expects to have this new system available in no sooner that 6 months.

Sonardyne is currently producing their AV-Track system. This package consists of an integrated long baseline/transponder boardset on the vehicle side, and is compatible with various USBL tracking systems, including Trackpoint. AV-Track utilizes analog signal processing, and provides no modem functionality. This system is in use by Maridan and Bluefin.

Recommendations

The key requirements for selecting this particular system are technical risk, in-system troubleshooting, and current/future compatibility. Spread sprectrum long baseline systems show the most long term promise for high accuracy and robust operation, and most vendors are moving in this direction. The current lack of standards, however, will make compatibility difficult to achieve, and will require a fairly intimate relationship with the vendor if custom acoustic codes are required for a particular operation.

The two most viable candidates are Benthos and WHOI. Systems currently being marketed by both organizations offer many of the required features, especially in-system troubleshooting, and both are working on developing the gated CW capability, with significant incentives to complete this work. None of the other vendors have expressed the desire to perform any customization, or, in the case of Link-Quest, are highly proprietary. I strongly recommend purchasing Benthos boardsets and funding the NRE necessary to implement the gated CW capability.  Benthos offers a supported commercial product, and intends to support long baseline capability as part of this commercial product line. In addition, they have a good working relationship with WHOI, and have worked in the past to make their modems inter-operable; both groups have expressed a strong desire to maintain compatibility in this area as well. Finally, Benthos has shown a strong willingness to work with MBARI on integration and troubleshooting issues.

