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Abstract- The Monterey Bay Aquarium Research Institute (MBARI) has developed and deployed a laser Raman spectrometer system named DORISS (Deep Ocean Raman In-Situ Spectrometer ) for measurements in the deep ocean. Quality spectra have been obtained of standards carried to the seafloor. The next stage of this development involves the ability to obtain spectra from natural targets of interest in the deep ocean and to maximize signal return from the sample. To accomplish maximum signal return the DORISS probe head must be properly positioned with respect to the sample. This is in contrast to laboratory work in which the sample is precisely positioned with respect to the probe head. This requirement has been the driver for a new device, the Precision Underwater Positioning system (PUP).

The positioning system has strict requirements for motion about the target. The DORISS requires very exact and repeatable motions with positional accuracies in the 1 mm range over a large workspace. The device must also let the user see where they are focusing, be able to move without disturbing the base position, and to stay stable over a variety of terrains. The system must also adapt to two separate power systems. The PUP system also has the requirement of returning relative position from a known home position once set in place. The device also has several operational constraints that impacted the design and operation of the system.

This paper outlines the science drivers, the operational considerations, and the engineering trades that were made to build the first two stages of the PUP. The test results of this system are also included demonstrating the devices actual performance against the specifications. In conclusion the paper outlines the next tasks and the direction the program is taking to fulfill the complete precision underwater positioning system requirements.
I. INTRODUCTION

Oceanographic science is in a constant struggle to bring the latest technology available to bear on the interesting problems of the world's deep oceans. These efforts lead to ever increasing requirements for increased precision and capability. Previously oceanography applications for high precision motion on the order of 1 mm or less were not treated as a general requirement. When precision of that magnitude was required at fine resolutions custom devices were made as part of the instrument and usually not as an independent piece of equipment. The Precision Underwater Positioner (PUP) is stand alone equipment and capable of yielding precise motion to a series of devices that fit within specific limits of weight, size, and power. PUP is specifically designed to satisfy requirements derived from several of the newest instruments under development at the Monterey Bay Aquarium Research Institute (MBARI), but one device is recognized as the main driver.  
The PUP system, although intended to address a series of instruments, has been developed under a key instrumentation program (DORISS - Deep Ocean Raman In-Situ Spectrometer) for in-situ laser Raman spectroscopy. The laser Raman system was selected for several reasons. The primary reason is the concept was generated within the DORISS program to address the problem of collecting Raman data from solid objects in-situ. The second reason was the team of scientists and engineers had already been assembled and demonstrated an understanding of the precision requirements determined from lab experiments and field experience.  DORISS requirements for accuracy, resolution, and repeatability were found to be much more difficult than requirements from other intended uses, such as in-situ microscopic cameras. 
PUP is 5 degree of freedom mechanical positioning stage for in-situ instruments. PUP is primarily intended for optical devices that are researching fine scale and microscopic conditions. However, the PUP system is not limited to optical devices alone. PUP is also an instrumented platform that gives the user feedback on the selected focal point. PUP also allows for uneven surface deployment and for deployment on slopes of a limited angular range. Although the full-up PUP system is not complete due to resource constraints, the designs and most of the parts are in-place to add the other 3 axes in the next iteration. As of this writing the PUP system has tilt sensing, video feedback, crossing lasers for visual feedback, remote lighting, and two of the 5 axis along with the supporting electronics for all axis. 
II. FUNCTIONAL REQUIREMENTS
PUP is 5 degree of freedom mechanical positioning stage for in-situ instruments. PUP is primarily intended for optical devices that are researching fine scale and microscopic conditions. However, the PUP system is not limited to optical devices alone. PUP is also an instrumented platform that gives the user feedback on the selected focal point. PUP also allows for uneven surface deployment and for deployment on slopes of a limited angular range. Although the full-up PUP system is not complete due to resource constraints, the designs and most of the parts are in-place to add the other 3 axes in the next iteration. As of this writing the PUP system has tilt sensing, video feedback, crossing lasers for visual feedback, remote lighting, and two of the 5 axis along with the supporting electronics for all axis. 
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