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Approach to the problem
We propose 1-year Feasibility Study to identify the existing technologies, emerging technologies, or possibility of new technology development which are adaptable to small low-power autonomous platforms. For this Study, we will focus on LRAUV, but some or our findings may be applicable to similar autonomous platforms that require small size, low power consumption, and automatic unattended operation for their payloads. 
Specifically, project goals include: 
· Identify a cytometer technologies that can be integrated with autonomous platform such as LRAUV, within resources and capabilities available at MBARI

· Determine the trade-off matrix of scientific “performance” and complexity, power, size and other engineering characteristics for these technologies. 

We propose the following Evaluation Criteria for selecting candidate cytometer technologies:

· Adaptability to autonomous platform (REFERENCE: Appendix A): 

· Size

· Power

· Immunity to shock, vibration, orientation and other aspects associated with motion 

· Pressure rating and possibility of its improvement and minimizing risk of flooding

· Communications  and other aspects as needed

· Scientific “performance”: 

· Classes of organisms identified

· Sensitivity and operation range (e.g. open ocean, coastal regions, etc) 

· Throughput, frequency of useful detection events

· Measured parameters, method, (scattering/ fluorescence, etc.)
· And ultimately, what is the scientific application and questions with technology can provide?   

· Operational complexity and stability: 
· Alignment or realignment requirement in a field

· Sensitivity to biofouling 
· Calibration and re-calibration requirements  

· Self-clearing of clogging (e.g. jelly fish) 

· “Health” reporting to main CPU to optimize usage of on-board battery
· MTBF in unattended operation mode at least matching vehicle endurance 

· Real time actionable data availability: 

· Ability to provide the data for making a real-time on-board decisions for adaptive sampling

· Transferrable via low bandwidth telemetry channel (e.g. to redirect other resources etc)

· Cost:

· Development cost

· Fabrication cost

· Operational cost 

In addition, we would evaluate how technologies fit into LRAUV Concept of Operations. These CONOPS aspects may include:  

· Multi-vehicle operation 

· Validation to lab cytometer on board the ship (CANON?)

· Provide low-resolution data to direct other assets or alter the mission

· Adaptive sampling in the area of interest

· Sample screening for 3G ESP instrument 

Appendix A. 

Draft requirements, specific to adaptation to LRAUV:

· Depth Rating: 300 meters; functional depth rating can be smaller, for instance 150 meters
· Vehicle endurance: system should be possible to repeatedly turn on and turn off, go to low power mode.  
· Electrical 16V nominal, 12-18V full range, 3A nominal max, 5A rush current

· Mechanical: pressure housing needs to fit into 12” OD fairing, length of pressure housing 12” preferred, 24” absolute maximum

· Safety/sinking: instrument may not cause change of AUV buoyancy. If instrument floods, it might sink vehicle. +/- 50g of buoyancy change max. 
· Orientation: instrument shell be operational within +/- 45 degrees Pitch, +/- 10degrees Roll.
· No moisture allowed in pressure hull, even in case of power loss, other vehicle problems; flow path should be isolated from main electronics volume; flood and humidity protection
· Shock/vibration: Must deal with moderate mechanical shocks (transportation, launch and recovery) - this could affect optical alignment
· Thermal/transportation: can get hot sitting on deck, thermal excursions in transit. Applies to transportation, launch, recovery, storage
· Thermal/operational: -2 to +35 degrees operational range.
· Intake should be clear of boundary layer.
· Lag between intake and flow cell should be well-understood
· Status reporting: need remotely accessible health status; e.g. how do we know it's clogged? Optical alignment OK?
· Low resolution data reporting: provide data to be transmitted to shore, to make decisions/ redirect assets.
· Self-clearing, de-clogging capability
· Maintenance: if the flow cell is used, it needs to be relatively easy accessible for replacement, preferably without opening pressure housing.
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