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The purpose of this brief memo is to provide a parameterization of flow cytometry performance to allow evaluation for performance on an AUV.  The key components of the parameterization are:  a) relationship of organism abundance to detection rate, b) detectability of organisms, and c) energy and time used per ‘observation.’
Relationship of Organism Abundance to Detection Rate and Signal to Noise:
Flow cytometers function by passing a stream of fluid past the detection optics.  If the volumetric rate of flow is f, and the population number density of organisms in the fluid is p, then rate at which organisms will pass by the detection optics is rp:
	
Detection of a particular organism will be accomplished by running the cytometer for a period of time, say , and counting the number of detection (assuming the organisms are optically detectable – see next section).  The number of organisms, P, detected in the measurement interval will be:
	
The fluctuation in the detected number of organisms will simply be N, so the signal to noise ratio (SNRvol) will be:
	
So for a desired SNRvol and a given number density of organisms, the required integration time will be:

Optical Detectability of Organisms:
The ability of the cytometer to detect a particular organism depends on a number of factors, including the characteristic being measured (e.g. absorption, fluorescence, or scattering), the wavelength of the illumination, the intensity of illumination of the organism (photons/unit area/time), the amount of time for a measurement, the optical characteristics of the organism (size, photons generated/scattered per illumination photon at a given intensity), the detection efficiency (photons detected per photon generated/scattered by the organism), and the background noise level.  Subtleties abound.  So we will massively simplify this.
For the purposes of comparing performance of systems, it is useful to condense the optical performance of the cytometer for a given class of measurement and organism into a single number:  the optical efficiency opt.  The optical efficiency, as defined here, measures the number of photons detected per illumination photon emitted for the target organism.  So if s illumination photons are emitted by the source per unit time, then the number of detected photons from the organism will be:

If the background noise level is b photons per unit time, then the signal to noise achieved for a measurement time t will be:

If the background noise level is low, the SNR can be written:

Power per Measurement:
In this simplified formalism derived above, the SNR is improved by either increasing optical efficiency, or emitting more photons from the source.  Each photon has an energy, so for a given optical efficiency, the required energy to achieve a given SNR is fixed.  If the source efficiency is power, then neglecting background noise, the energy required to make a single measurement is:

Now let’s return to the original problem of counting organisms with a number density of p in the ocean.  To achieve a given SNRvol,a volume of water V must be interrogated, where V  is determined by:

If each flow cytometer measurement interrogates a volume of water V, then the total number of interrogations, N, that must be made is to achieve a given SNR for the population estimate is:

Note that the V for each measurement clearly cannot be too large, or the system runs the risk of having multiple particles in the measurement volume.  So the measurement volume cannot be too much larger than the particle size.  
With the total number of interrogations determined, the total energy required to make a single population estimate is:

A final step is to generalize the calculations above for a range of organism sizes.   Olson et al. [footnoteRef:1] find that for organisms with volumes from < 1 to >100 l, the volume is proportional to the side scattered signal to the 1.1088 power.  This allows us to frame the optical efficiency in terms of a reference organism with characteristic volume vref for a system measuring side scatter.  In effect: [1:  Olson, Robert J., Alexi Shalapyonok, and Heidi M. Sosik. "An automated submersible flow cytometer for analyzing pico-and nanophytoplankton: FlowCytobot." Deep Sea Research Part I: Oceanographic Research Papers 50.2 (2003): 301-315.
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