Hi Adam,

[bookmark: _GoBack]Here are some answers to your questions. We were able to get better specifications on the camera we would like to purchase and I think this will address some of the issues raised.


Do you have a clear idea of the imaged volume?  From the 8000 cm^3 volume specification, is it 20 cm x 20 cm x 20cm?  


For our application, we anticipate the maximum size of the imaging volume will be 20 cm x 20 cm x 20 cm. This imaging volume can be increased or decreased depending on the camera lens used. Please refer to the table below, which illustrates how the same Raytrix camera can be used with different lenses to obtain a wide range of fields of view and depths of field (and the subsequent changes in the x, y, and z resolutions). 

FOV= field of view, DoF = depth of field
[image: ]

 
If there’s material moving by at 1 m/s, it only going to be in that box for 1/5 sec, so the frame rate needs to be high enough to sample that several times.  Ten times would need 50 frames/sec.  

Based on the online specifications of older versions of the R25 Raytrix camera, the frame rate at maximum resolution is 60 Hz. Recent discussions with engineers at Raytrix has also revealed that newer version of the camera will be able to collect image data at 80 Hz, which is sufficient for our needs. There are also clever sampling modes that we have worked with in the laboratory to enable the measurement of high flow rates with limited temporal camera resolution like frame straddling. See the link here for more information about how this method works. Most of the flows we expect to encounter for the primary science use cases will max out on the order of ~10 cm/s and will not require frame straddling. 

 
It's unclear how precisely each position will be known, but I suppose the requirement on depth resolution of 1 mm is a clue. 

Plenoptic imaging is similar to stereo imaging, which involves using parallax between two+ images (either using multiple cameras or a microlens array) to resolve the third dimension (or depth). Drawing epipolar lines between the optical center of each camera to the particle/object in the image plane will result in an intersection point, giving the depth information for that particle/object. Using this “epipolar constraint” to find the z-position of a particle/object effectively reduces the correspondence problem to a 1D search along conjugate epipolar lines.



That makes the data cube 8 megapixels.  If you were sampling that 50 times a second, that’s 400 mega pixels per second and if it ran for 24 hours as specified, that’s 4 x 10^13 pixels so that’s at least 10^14 bits. 10^15 is a petabyte.  I would be very surprised if the autonomous vehicle had that kind of storage.  Will this be a limitation?

To clarify, we would not be sampling continuously for 24 hours. The 24 hr requirement pertains to the instrument power budget, or in other words, we would need to provide sufficient battery power such that the controller is operational for 24 hrs. Often in systems like these, the power consumed by the computer (i.e., the hotel load), would be far greater than the camera. In terms of data sampling for autonomous use cases, we expect to capture image data in bursts with long periods of inactivity in between. Therefore, we expect our data storage needs to be on the order of several TB.


Can you explain more what's meant regarding the ability to “resolve” 30 cm objects? 

Apologies for any confusion. We mistakenly wrote 30 cm when we meant that the largest object in our imaging volume would be about 20 cm. If we were interested in larger objects, as the table above shows, we could choose a different lens.
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