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Fluid modeling for hypersonic applications is currently a
field of great interest, though these models are currently
limited without empirical data to verify the models on.
Typical high-speed wind tunnels often impart geometric
constraints along with harsh flow environments, making
observation of the flow difficult. To improve models,
high resolution and high frame rate imaging systems are
required in order to capture the behavior of the flow. With
higher resolution and frame rates, there is a requisite
increase in data throughput, which further exacerbates the
geometric constraints present in most wind tunnels. To
decrease required data throughput, various methods of
data compression have been proposed: multi-level
processing to determine pixel relevancy [1], in pixel
analog-to-digital conversion [2], and even removal of
redundant pixels through a bio-inspired solution, typically
known as event-based camera operation.

Event cameras differ from conventional cameras in that
each pixel is read out asynchronously, depending on
whether there have been any changes in light detected in
the pixel. Due to this, only new image data is transmitted
from the sensor, dropping redundant pixels that have not
changed in the observed scene. The primary benefit to
asynchronous sampling for event cameras is that for
scenes that have primarily still scenery with motion in the
foreground, the area of motion is sampled at a much higher
rate than the still background. For high speeds
characterizing supersonic and hypersonic flows, this focus
on motion is paramount.

Due to the difficulty of integrating a new camera system,
this work utilized a simulation-based approach to
determine the efficacy of event cameras for high-speed
fluid flows. Synthetic images were generated at varying
particle densities to simulate a particle image velocimetry
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(PIV) experiment, and a model of an event camera was
created to process these generated images. The highest
particle density trial can intuitively be seen to be the trial
that would create the most events. As each particle moves
through the simulated scene, it generates events, so more
particles entail more events for a given flow field.

With the highest density trial, on average, only 30% of
pixels between generated images showed change in
lighting significant enough to warrant registering an event,
indicating that the majority of data collected by a standard
frame camera for the same scene would be redundant from
frame to frame.

With these benefits come certain restrictions. First,
particles used for PIV measurements need to be carefully
selected so that they reflect enough light to trigger an event
in a real event camera system. Second, high speed PIV
applications rely on pulsed light sources to help mitigate
motion blur, though pulsed light sources may generate
false events in a real event camera system. Both limitations
must be weighed carefully before implementation, which
is not an insurmountable situation.

Event cameras are continually evolving and becoming
more effective at sampling scenes with high motion
content and pose a serious opportunity for more effective
fluid flow measurements, particularly showing promise
for PIV experiments. Other fluid flow experiments, such
as oil flow visualization and pressure sensitive paint
methods, may also experience benefits from event
cameras. Simulations can be conducted for these types of
experiments in future work, leveraging the results of the
efforts of this project.
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