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Dr. Steven Ackleson

Office of Naval Research

800 N. Quincy Street

Arlington, VA  22217

April 8, 2005

Dear Steve:

This brief planning letter is to follow up on our earlier conversations, the presentation I made to ONR staff on the occasion of the MBARI site visit, and on recent e-mails documenting our progress in making Raman measurements in the ocean. We believe that the goals outlined here can be achieved, although the budget we suggest is modest. We have chosen not to promise that we can actually deploy a system on an AUV in the 3 year period. To facilitate the testing and debugging of the new deep-sea Raman system, we plan to first deploy it on one or both of MBARI's Remotely Operated Vehicles (ROVs) so as to observe the response of the instrument and the data acquisition in real time prior to porting to an AUV. Although MBARI operates Dorado-class AUVs, these vehicles are not well suited for the station-keeping required for making the raman measurement. Once we have identified a candidate AUV suitable for these measurements, we will work with the developers of that vehicle to deliver to them the AUV-deployable system.

Please let us know if you are interested in our proceeding further with this project, and we will be happy to submit a proposal.

Sincerely,

Peter G. Brewer
Laser Raman Identification of Sub-Sea Targets with an AUV Deployable System

Principal Investigators: Peter G. Brewer, William J. Kirkwood (MBARI)

Co-Investigator: Sheri S. White (WHOI)

The recent remarkable development at MBARI of laser Raman spectroscopy for deep-ocean research has opened up new possibilities for the non-invasive identification of targets on the ocean floor, including those of potential Navy interest. Raman spectroscopy depends fundamentally on the molecular scattering of light. It is a vibrational spectroscopy technique, and as such it can uniquely identify whether an object on which the laser beam is focused is made of concrete or Kevlar, or is natural or man-made. Almost all man-made materiel will yield a Raman signature, and polymers in particular yield a unique and powerful signal.

The development program at MBARI is driven by the need to understand the natural ocean, and by deploying a prototype system on ROVs, identification of geochemical species at hydrothermal vents, the molecular structure of methane hydrates, and real time investigation of gas bubble fractionation at depth have all now been carried out. Investigations of the structure of water in seawater, and of biological systems are now underway.

These achievements already have much in common with Navy needs for identification of objects on the sea floor, and in early informal discussions with program managers we have explored this possibility. The advice we received was to consider whether a Raman system could be effectively deployed on an AUV. At first glance this would appear to be an almost impossible task. The prototype MBARI system weighs some 400lbs in air, it is composed of 3 bulky pressure housings, has significant power demands, and most importantly the strictures on spectrum acquisition from an opaque object require precise (mm scale) stable positioning of a laser spot for 10s of seconds.

However progress in our laboratory already shows great promise that these barriers can be overcome. We have taken delivery of a second generation Raman optical bench from Kaiser that is far smaller and more rugged; an alternate smaller system from Jobin-Yvon (developed under a NATO program) is also available. The system need only be powered during spectrum acquisition, and this demand can easily be met. And thus the remaining conceptual challenge is the ability to obtain a spectrum of an opaque object from an AUV that will necessarily have some residual motion, providing dither of the laser spot on the target.

In the laboratory a target out of focus will never yield a signal. In a system where the laser spot is in quasi-periodic motion some of the target will be in focus some of the time; we have observed this effect during ROV dives. The effect is to obtain a weaker target signal, and to have a greater seawater signal, present in the spectrum. If the seawater signal can be subtracted with high accuracy then the residual target spectrum can be readily identified. We have already made great progress here.

We propose a 3-year attack on this problem in collaboration with colleagues at WHOI. In Year 1 we will use the existing MBARI system to investigate the problem of probe head motion, the accurate recognition and stripping of the ubiquitous seawater signal, the effects of low-level natural light on the spectrum obtained, and the problem of fluorescence. We will survey candidate AUVs, with a bias towards those that can hover, or be stable at very low speeds, and specify the Raman system requirements for successful installation and operation. 

Note that the existing Raman system transmits data via an ROV tether; provision for internal recoding will be required for an AUV system.

If this is successful we will propose acquisition and testing of a novel Raman system in Year 2. In Year 3 we will propose completion of a system designed for integration into one or more AUV systems and initial field-testing on artificial targets via a hovering ROV. 

Note that we cannot specifically promise installation into a specific AUV at this time. We are simply not able to commit those resources that are the purview of P.I.s outside our immediate team.

The MBARI team will consist of Peter Brewer, William Kirkwood, Edward Peltzer, Alana Sherman, and Peter Walz. The WHOI team will be Sheri White and Norman Farr. Dr. White has recently completed her Post Doctoral work at MBARI and is a critical contributor to the Raman team. Her new position in the Deep Submergence group at WHOI opens the door to a wide range of opportunities.

The budget for this effort must be negotiated as discussions over the level of effort proceed, and thus we can only make a very rough estimate at this time.

With this caution in mind we estimate:

Year 1: MBARI $250K  WHOI $33K

Year 2: MBARI $350K  WHOI $70K

Year 3: MBARI $400K  WHOI $75K
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