
Figure 1 - Fluid Lensing results from UAV-based mapping of coral reefs (Samoa, 2013)

Step 4 - Experimental Setup. A series of query videos with various marble drop 
locations are used to test the accuracy of our proposed algorithm.

Step 5 - Detection and results.
The results of our method are visualized using arrows positioned at each of the 8 possible wave locations. 
The length of each arrow is proportional to the relative score of a particular library entry; a longer arrow 
indicates a higher relative score. These arrows are superimposed on the frames of the original query video, 
and updated at each time step. 

TheThe results from three test videos are presented in this project. In basic simulation data with a centered 
9x9 grid of black dots of equal size to those found in the library, the wave origin is easily detected with little 
error. Skewing the grid and translating it away from the center of the image led to greater error, as indicated 
by the arrows of non-zero length located at the image corners; however, in this case the droplet origin can 
still be resolved. The test footage from the experimental setup had a significantly higher level of error than 
the simulated data, although in certain cases the wave direction was properly resolved. One of the 
successful test cases fsuccessful test cases from captured video footage is shown below. 
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Abstract
  Fluid Lensing is a theoretical 
model (Chirayathi) for fluid-optical 
interactions in turbulent flows as well as two-fluid surface 
boundaries that, when coupled with computational imaging and an unique 
image-processing pipeline, may be used to not only remove strong optical 
distortions along the line of sight, but also  significantly enhance the angular 
resolution of an otherwise underpowered optical system. Fluid Lensing has 
recentrecently been used to map coral reefs underwater from an aerial UAV-platform 
at sub-cm scale for the first time and enabled 3D reconstruction (Figure 1), 
which has proved a valuable tool in modern marine research and for marine 
environment conservation. 

In our final project, we explore an unsolved problem in ocean optics - the 
inverse problem of Fluid Lensing. Namely, from a raw high-frame-rate video 
sequence, rather than just produce a distortion free image, is it possible to 
uniquely characterize the wave field at an instance in time? If so, this 
information can not only provide an order of magnitude improvement to 
future Fluid Lensing implementations, but also a powerful remote sensing 
ability to detect features betraying ocean circulation patterns, flow properties, 
wawave breaking and even the presence of underwater submersibles and marine 
fauna. In this project, we implement a basic proof of concept using a theoretical 
fluid model to generate templates of surface wave fields coupled with optical 
simulations to match a measured optical distortion, as identified and tracked 
by SIFT descriptors, to a library of wave distortion templates. An experimental 
setup was constructed to demonstrate that the algorithm can accurately 
determine the position of a dropped marble into a small pool just by observing 
hhow a test pattern gets distorted as a function of time by surface ripples in a 
small region of the pool.
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Methodology (short version)

Step 1 - Simulate optofluidic interaction using modified 2D Helmholtz wave 
equation + laws of refraction & create video library of simulated marble 
drops at various locations.

StepStep 2 - Library of SIFT image descriptors generated from eight simple wave 
simulations. Each wave is generated through a single perturbation to the fluid 
surface at a specific point within a simulated 512x512 pixel container.

Step 3 - Wave detection and matching with iterative SIFT score-keeping

Figure 2 - RAW frame showing 
distortion (above image), 
middle frame resolved after 
Fluid Lensing (middle image), 
hypothetically computed wave 
surface determined from using 
middle figure as baseline and 
momore raw data for 
measurement of optical 


