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Precision Underwater Positioner Functional Requirements

Functional Requirements

General requirements

1) Ability to be carried and deployed (off-loaded) by an ROV

2) Ability to mount a sensor in either horizontal or vertical position (possibly the ability to change position during deployment)

3) Ability to accommodate uneven ocean floor (slopes up to 30 degrees)

4) Ability to return to a given position (location feedback)
5) Dual speed positioning

6) GUI control/display software portable to use defined/existing computer

7) External camera and lighting, and two lasers for positioning reference on the sensor mount (possibly a second camera with pan and tilt mounted to the frame)

Performance requirements


Minimum position travel of the beam spot (each dimension)
15 cm



Maximum travel increment of the beam spot (each dimension)
0.1 mm


Maximum movement hysteresis (each dimension)
0.1 mm


Maximum time to travel full range (each dimension)
1 minute


Relative precision (each dimension)
0.1 mm


Relative accuracy (each dimension)
1 mm


Maximum deviation of the laser beam from normal to the


target surface
10 degrees


Maximum sensor weight allowed on mounting surface (in air)
30 kg 


Maximum sensor size allowed on mounting surface
30 x 15 x 15 cm


Maximum weight of complete system (in air)
100 kg


Maximum positioner size (excluding electronics housing)
70 cm W x 70 cm H x 88 cm D

Maximum size of electronics pressure housing
35 x 35 x 88 cm 


Input prime power from Tiburon
240 VDC, 1 KVA max


Input prime power from Ventana
110 VAC, 1 KVA max


ROV stand-off distance
5 m minimum


Operational depth
4000 m 


Operating temperature (ambient)
0 to 50 degrees C

Interfaces

1) Power:  Electro-mechanical or Electro-hydraulic

2) Communications (feedback):  Ethernet or serial

3) Visualization: electrical wiring needed for at least one camera, two lasers, and lights

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 program.  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.

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.

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, and 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 proceedure.

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.  

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 not necessary for the transition from one orientation to the other to be automated.  If the probe head could be mounted on a rotating mount, the ROV manipulator could be use to rotate the probe head.  
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