     Concept of Operations:  Laser Raman Spectroscopy

                        And Precision XYZ Positioner

Background

         The Laser Raman Spectrometer (LRS) project is an approved task for year 2002.  The

         program consists of several subsystems that require integration to make the complete

         LRS system.  The LRS is not complete and is still in test.  The next phase of the program is 

         to develop a precision XYZ postioner for in water use with the LRS optical head.  The LRS

         uses a 0.5 to 1.0 mm focused laser light spot to generate the spectrum of light scattered 

         from specimens of interest.  Since the primary in water deployment mechanism is

         the MBARI ROVs, a way to precisely position the small diameter probing laser light 

         independent of the intrinsic ROV positioning capability is required, thus the need for some

         form of precision positing in-situ.  Two basic approaches are being considered to achieve

         this  - present the sample to the LRS optical head by placing it on a ROV mounted precision 

         positioner - or present the LRS optical head to the sample by using an off loadable precision 

         positioner.  The second approach provides significantly greater capability allowing in-place

         specimen/sample observation and greater science experimental flexibility - at a cost of 

         greater complexity - and is considered to be the favored approach.  The flexibility aspect of 

         the design requirements for this unit are extremely important because it is anticipated that 

         the positioner will become an MBARI wide asset serving the needs of other science projects 

         (i.e. microscopy, microprofiling, etc.) - not just those of the LRS.

Science use scenario for the Laser Raman Spectrometer

         Science use for the LRS will have two basic modes:

               1.  To inspect/analyze clear liquid and or transparent solid samples;

               2.  To inspect/analyze opaque solid (or liquid) samples.

         During the initial deployments of the LRS, interest will be in the clear liquids to begin with.

         These samples will be the easiest from which to obtain spectra  because focusing on a 

          specific spot will not be critical, as the focus can be on the interior of the fluid, and

         concentrations of the molecular species of interest will be high thereby providing

         strong signals.  Reference liquids (isopropanol and cyclohexane) will come first ; but

         seawater will also be of interest.  Sulfate and possible bisulfate ions in 

         solution will be next in order of importance.  Dissolved CO2, bicarbonate 

         and carbonate ions at high concentrations  near pools of liquid CO2 on 

         the seafloor are also of interest.  Additionally, the hydrate

         skin and solid hydrates of carbon dioxide and methane fall into this

         category as well.  In all cases, the clear and semi-transparent nature

         of these substances minimizes the need for critically controlling focus.

         However, this need quickly changes when looking at surface

         effects on the hydrates where a careful control of focusing depth and

         position is essential.  Likewise, in order to a study solid

         materials (a study that will have broad appeal at MBARI in both biology

         and geology) the need for carefully controlling the position of the laser

         to achieve a tight focus on the surface of a substance becomes most

         essential.  Controlling the position of the lens relative

         to the sample within +/- < 0.1mm is required for most solids.  Enhanced

         magnification (50X-80X vs 10X) is also required for many minerals.

         Before the precision XYZ positioner is available, we will be looking at seawater profiles

         with the LRS on the ROV as we transit the water column and will be scanning

         around CO2 releases and hydrate specimens on the seafloor by moving the

         probe head about using the manipulator arm(s).  Later, we will need to

         be able to have precise positioning (in x, y and z) for our studies of

         solids and sediments.  This will happen by placing the x-y-z

         stage on the seafloor or sample with the manipulator arm. This can only 

         happen if the stage moves under its own control for fine positioning of the sample

         or of the laser probe head and lens relative to the sample.  Later, Through the 

         lens visualization will also be required so that we will know exactly what the

         laser is pointed at.  This is especially true at higher magnifications.

Operations Concept

         The following concept of operations is based on LRS scenarios.  However, it is anticipated

         other science sensors mounted on the precision XYZ positioner will require the same steps 

         for usage as the LRS with step modifications appropriate to the sensor/instrument being 

         used.

          Pre Dive Operations

                   Verify probe head focal position in air and in water in lab.

                   Calibrate instrument wavelength and sensitivity using cal equipment in the lab.

                   Obtain spectrum of standard sample (Isopropanol, Cyclohexane) in the lab.

                   Install/load LRS instrument and XYZ positioner on ROV

                   Configure the probe head and/or stage horizontally or vertically on the positioner 

                   frame as called for by experimental protocol.

                   Verify that the as installed in air spectrum of the standard sample is the same as lab 

                   the lab measured spectrum.

                   Verify full motion capabilities of the XYZ positioner.

         Operations During Dive Decent
                   If desired, operate LRS during dive decent (and assent) to obtain the spectra of sea 

                   water as a function of depth.  For weakly responding molecular species, it may be 

                   required to stop the decent/assent in order to obtain a meaningful spectral response 

                   (maximum hold at a given depth should not exceed 200 seconds).  Because of the 

                   very high light scattering caused by the presence of the typical "marine snow",and in 

                   order not to mask/saturate the LRS measurements, it will be necessary to turn off the 

                   ROV lights during spectral acquisition.  If this measurement mode becomes "standard 

                   operating practice", it would be useful to design and utilize a light baffled flow through 

                   sample cell so that the lights off requirement could be negated. 

         Bottom Operations

                   Upon arrival at the measurement site called for by the science protocol of the day, the 

                   ROV remote manipulator arm will be used to off load the XYZ precision positioner 

                   and place it in the off ROV position called for by the protocol.  The ROV will then back 

                   away from the emplaced positioner approximately 3 meters and maintain that position 

                   for the duration of the measurement sequence.  Initially, the sample being measured

                   will be visualized by observing the LRS laser spot reflection with an ROV video 

                   camera (the LRS laser is always on whether a measurement is being made or not).  

                   Using this visual observation method, the sample measurement position resolution 

                   will be low which for uniform samples will not be a problem.  In the future, a 

                   "through the lens" visualization systems will be added to the LRS optical head which 

                   will allow for precise observation and documentation of where on a sample the 

                   measurement is being taken.  As discussed above, because of the high ambient ROV 

                   light back scattering caused by suspended particulate matter in the water, the ROV 

                   lights will have to be turned off during the actual acquisition of a sample LRS 

                   spectrum.  Spectral acquisition times will range from 1 second to 200 seconds 

                   depending on the sample being measured.  The measured spectrum is presented on 

                   a video screen to the "top side" operator upon completion of a measurement 

                   sequence.  Measured spectra are stored on the "top side" computer as individual files 

                   and will be annotated with protocol specific comments, measurement environmental 

                   conditions (optical bench and electronics pressure vessel internal temperature and 

                   relative humidity) and other comments a desired.  A diamond slab is permanently 

                   inserted in the optical path to provide a QC check for every spectral measurement. It

                   is assumed (but yet to be proven) that the diamond response is invariant under all 

                   environmental conditions.  Upon completion of the measurement sequences called 

                   for by the experiment, the precision positioner will be retrieved and stowed on the 

                   ROV for recovery.

         Post Dive Operations
                   The LRS will be removed from the ROV and returned to the lab for a post experiment

                   verification of instrument performance.

Initial Design Concept

         The unit will consist of a 3 axis positioner capable of moving a "standard generic " mounting 

         surface in the X, Y, and Z planes.  The "generic" mounting surface will be designed to 

         interface with the LRS optical head, with low power microscopes, and with other to be 

         determined chemical sensors.  The positioning mechanism will itself be mounted on a larger 

         frame which will be deployed remotely from the ROV using the ROV's remotely controlled 

         arm capability.  Both horizontal and vertical mounting of the positioning mechanism 

         anywhere on the frame will be accommodated.  Copper cables and fiber optical cables 

         (where local visualization is desired) will connect the remotely deployed positioner to an 

         electronics pressure vessel mounted on the ROV tool sled.  The electronics pressure vessel 

         will contain the required power supplies, motion controller electronics, video processing (if 

         required) and an ethernet communications capability which will interface with the ROV 

         standard communications protocol.  Topside, a standard laptop/desktop computer will be

         used to provide a GUI for command and control of the remote positioner.  Video - if used -

         will interface with existing ROV video channel capabilities. 

Functional Design Requiements

         The following is a minimum list of the functional design parameters as currently envisioned 

          for the XYZ positioner.  Please feel free to suggest any additions, modifications or 

          corrections to the list that you feel are appropriate.

              Maximum XYZ position travel                                                 20 cm

              XYZ position travel increment/control increment                    0.1 mm

              Maximum XYZ movement hystersis/backlash                        0.1 mm

              Minimum XYZ position translation velocity                             1 cm/sec

              Maximum weight allowed on mounting surface (in air)           15 Kg

              Maximum weight allowed on mounting surface (in water)       7.5 Kg

              Maximum sensor size allowed on mounting surface               30x15x15 cm

              Maximum weight of positioner and frame (in air)                     50 Kg

              Maximum weight of positioner and frame (in water)                30 Kg

              Maximum weight of electronics pressure vessel (in air)          40 Kg

              Maximum weight of electronics pressure vessel (in water)     20 Kg

              Maximum interconnecting cable(s) weight                              5 Kg

              Maximum frame size (exclusive of base )                                1 m x 1m

              Maximum electronics pressure vessel size                              30 cm x 30 cm x 90 cm   

              Input prime power from Tiburon                                               240 VDC nom., 1 KVA max

              Input prime power from Ventana                                              110 VAC nom., 1 KVA max

              ROV standoff distance                                                              5 m min

              In water operational depth                                                         4000 m min

              Operating temperature (ambient)                                              0 to 35 degrees C

Ideas for Possible Incorporation Into the Design

               Longer travel in at least one plane (which one?)

               Coarse/fine positioning - dual speed positioning

               GUI control/display software portable to user defined/existing computer

               3 axis simultaneous vs single axis sequential movement (power limitation?)

