EyeRIS Biological Carbon Pump Requirements
· System will work in a profiling mode taking images over the full depth rating of the platform/systems. Later stage versions will be 300-6000 m rated depending on platform, funding and other factors.
· The camera will return ≥1 image per m of depth. 
· We will image particles from ~150-400 µm in the smaller sizes to ~3 cm (or larger, larvacean sinkers as larger end of target spectrum). 
· It would be ideal to be able to automatically determine size know the size +/- ~100 µm (or finer). Smaller objects could be measured from a smaller effective viewed volume than larger objects. Guessing that depth resolution will not be the limiting factor in determining size.
· The number of frames per m of depth can be managed by platform descent rates. In order to achieve detection of sinkers a volume of ~100 m3 may need to be imaged. 
· Imager should look horizontally.
· Because viewed volume depends on object size, free working distance and depth-of-field, and reconciling the prospective vs. true camera performance, we may need an algorithm to help scope tradeoffs and hone in realistic requirements/specifications. e.g for 25 mm c-mount lens with what is lateral resolution at closest point in depth-of-field.
· The requirements for file storage may be moot for the moment until we know more about resolution and viewed volume.
· [bookmark: _GoBack]The lower end size requirement can also be tensioned against the specifications for a holographic microscopic imager to cover some of the range from ~20 to 1000 µm, which would form part of a separate effort.

Image analysis
· We will use a variant of long-established ‘line transect’ methods (see Buckland et al. 1993), were each object size category, and even object types or groups of object types, can have their own probability distance function which is used to estimate viewed volume for each, thus facilitating concentration calculation. Uneven illumination can also be addressed with this method.




Other systems for particle quantification across a wider size spectrum, where synoptic deployment would come at later stages or follow on project:
OBS: We will use duplicate particulate optical backscattering (bbp) 700 nm systems on a Wetlabs Eco Puck system that will return ≥1 bbp measure per m of depth on every profile of the AUV. The bbp, will be filtered for spikes that can be indicative of >20 µm particles with the remaining data indicative of 0.2-20 µm particle concentrations (sensu Briggs et al. 2011). OBS applications for BCP research are already at TRL 9.
Holocam: We will develop a holographic particle sensing system that improves power use, depth rating and form factor. It will collect ≥1 image per m of depth per profile and have unobstructed exposure to the water outside the vehicle hull. Holographic imaging has TRL 9 for use in the marine environment, but BCP applications are limited (e.g. Cross et al. 2015). Automated routines have been demonstrated for particle size distribution calculation as histograms of equivalent spherical diameter (ESD) across ~30 size bins; fixed viewed volume, 25-2500 µm in size (available at http://holoproc.marinephysics.org/). Importantly, the system can work at speeds of up to 0.4 m s-1, which is suitable for Autosub LR operation. Holocam also renders images where objects can be assigned to category types (e.g. diatom, dinoflagelate, cocolithophore, hetrotrophs, protists, marine snow aggregates and complexes, and several zooplankton categories, as well as calcifying/non-calcifying and trophic-level categories). Recent trials of a LISST-HOLO holographic particle sensing system at PAP-SO (a 300 m rated device) demonstrated its capability to quantify size- and type- distributions (see figure 1&2). Nimmo-Smith, a project partner, is the originator of this technology. 

Figure 2. Holographic montage images (flattened hologram) showing left to right: small unidentified particles, diatom chain, dinoflagellate, marine snow, and a copepod. 
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