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Precision Underwater Positioner System Specification

1 Introduction  (SW)
1.1 Objective

A Precision Underwater Positioner (PUP) is needed for use with the MBARI Laser Raman Spectrometer (LRS).  The LRS uses a 532 nm laser to excite a target of interest and analyzes the spectrum of the returned, Raman scattered light.  This spectrum is a “fingerprint” of the chemical and molecular make-up of the target.  The spot size of the laser is less than 1 mm and the focal depth varies from 0.3 to 3 mm.  Thus, precision positioning is required to obtain good quality spectra from the LRS on the seafloor.

The two approaches to precision positioning are: 1) present the target to a stationary probe head, or 2) present the probe head to the stationary target.  The key advantage of the LRS over other techniques is the ability to non-destructively analyze a specimen in situ without any sample preparation.  In order to maintain the experimental flexibility that the LRS provides, the positioning-the-probe-head approach is favored.  Ideally, the PUP would be generic enough to support the LRS in various configurations.  Also, it would be able to serve the needs of other types of instrumentation that may require precision positioning.

1.2 Definitions

HoloGRAMS – LRS control software provided by Kaiser Optical Systems, Inc.

Immersion optic – an LRS probe head optic with a focal distance of ~4 mm in air.  It is a 0.5” diameter tube which extends from the probe head housing and is sealed with a packing gland seal.

Laser Raman spectrometer (LRS) – an analytical instrument (purchased from Kaiser Optical Systems, Inc.) that consists of an exciting laser, a holographic filtered probe head, and a spectrometer with a CCD camera.  MBARI’s LRS is divided into three pressure housings (the probe head housing, the electronics housing, and the spectrometer housing) and weighs ~450 lbs. in air.

Probe head – the portion of the laser Raman spectrometer which emits the laser beam and collects the Raman scattered light, and is housed with a 30 x 15 x 15 cm titanium pressure housing.

Probe head optics – a number of different lens configurations that can be used on the probe head.

PUP – precision underwater positioner.

ROV – remotely operated vehicle.

Sensor head – the generic term for the LRS probe head or the portion of any other sensor that may be mounted on the PUP.

Stand-off optic – an LRS probe head optic with a focal distance of 2.5” in air.  It is used behind a dome window in the probe head housing.

2 Top Level Specifications  (SW)
2.1 Functional Requirements

The Functional Requirements are listed in Appendix A.  Essentially the precision underwater positioner should be an ROV-deployable system that can mount a sensor head up to 30 kg in weight in either a horizontal or vertical orientation, and move it precisely (with a precision of 0.1 mm) within a range of 15-20 cm in each axis.

2.2 Use Scenarios

The LRS is used to acquire a Raman spectrum from a target irradiated by a laser beam.  The user determines the exposure time and the number of accumulations that are obtained though the HoloGRAMS control software.  The Raman scattering efficiency is different for different materials, so the optimum exposure time must be determined by the user – trading off the length of time needed to acquire a strong signal with the length of time that is available for acquiring data (limited by ROV time, or by a changing process that is being measured).  Multiple (10 or more) accumulations are acquired to reduce noise by averaging.  It should be noted that the peak of interest may not be the highest peak in the spectrum.  


Proper positioning is required to place the target of interest in the focal volume of the laser beam.  This requires precision of ~0.1 mm.  This is a trial-and-error process – spectra are rapidly obtained with the LRS in “focus” mode, while the target or positioner is being moved.  In the lab, Raman spectra are obtained on a spot-by-spot basis, and we expect this to be true on the seafloor as well.  What is most important is collecting quality data from points on a target that will be determined by the user – quality rather than quantity.  Simply collecting spectra from a pre-determined grid plan may provide the user with a number of spectra that do not have scientific significance.

2.2.1 Focusing probe head

Focusing the probe head is accomplished by moving the probe head to where the collected signal is at a maximum.  HoloGRAMS software has a focussing mode in which spectra are continuously collected and displayed.  The probe head will be moved during focusing – first coarsely to the desired target, then in small 0.1-0.5 mm increments until the signal is maximized.  In addition to having the probe head in the correct focus position, it must also be in the proper orientation.  The signal is strongest when the laser beam is perpendicular to the surface (within 10 degrees of normal).  Thus, the ability to gimbal the beam about the focal point is desirable.  We expect that on the seafloor, as in the lab, this will be a trial-and-error process.

2.2.2 Profiling a target

Obtaining a profile of a target provides information on how the composition of a target changes along a given dimension.  This will most likely be done on semi-clear materials (e.g., across a seawater-liquid CO2 boundary).  To profile a target, we would collect spectra from discreet points at some interval determined by the user (e.g., as small as 0.1 mm, or as large as 1 cm).  In some cases, focussing the probe head may be necessary at some of the points.  It is not expected that this would be an automated procedure.

2.2.3 Penetrating sediments

When vertically penetrating sediments with the immersion probe, the tip of the probe will not be visible.  Thus it is important both to be able to move the probe head in defined increments and to have feedback on the position of the probe head.  

2.2.4 Rotating probe head

In an environment such as hydrothermal vents, it is likely that we would want to use the probe head in both the horizontal and vertical orientations (without recovering the vehicle to re-orient the probe head).  It is preferable but not necessary for the transition from one orientation to the other to be automated. 

3 Design

3.1 Overall Specifications  (ML)
Range of motion (diagrams)

Stability

Joint definitions

Kinematic performance

3.2 Mechanical Specifications  (MB)
Weights

Physical parameters

Center of gravity, buoyancy

Corrosion considerations

3.3 Electrical Specifications  (SJ)
DCon Specifics

Power issues

3.4 Software Specifications  (DC/RH)
Controller specifications

4 Analysis  (BK)
4.1 Primary Analysis

Fault tolerance

Error budgets

4.2 Supporting Reasoning

5 Operations

5.1 Test requirements  (ML)
5.2 Cable Management  (MB/BK)
5.3 Maintenance

Spare needs

Tools

Field repairs

Modularity

5.4 Environmental concerns
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