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string instability”

We have successfully captured the flight of geese and other migratory birds
at a migratory bird arrival site in Miyagi Prefecture using stereo cameras. In addition, we have
gathered data on wind direction and other factors. We have developed a high-precision tracking
system combining a convolutional neural network and a Kalman filter to estimate the position, speed,

acceleration, and flapping phase of each individual goose and swan with high accuracy. We have
collected approximately 1,500 flight events. The system successfully estimated effective parameters
such as “ spring constant” and “ damping coefficient” with high reproducibility based on actual
data. It also clarified the conditions for flock stability. This was achieved by assuming an
equation of motion model that takes into account the positional relationship and velocity difference
between each other during flight.
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