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Thesis Summary

In the biomechanics of marine animals such as sea turtles and penguins, swimming speed relative to ocean
currents, known as relative waterflow speed, is a key parameter for evaluating swimming locomotion and related
ecological behavior. Because long-term direct observation of marine animals is difficult in their aquatic habitat,
biologging methods using sensors attached to animals have been widely used. Conventional propeller-type
waterflow sensors are commonly employed; however, their moving parts make them weak to fouling by floating
debris, which limits long-term reliability and prevents high-temporal-resolution or multi-axis measurements. To
overcome these limitations, this study developed a Pitot-type waterflow sensor that estimates waterflow speed
using differential pressure sensor elements embedded in the sensor housing. By sealing incompressible fluid
beneath a membrane covering the inlets, the sensor achieves robust and high-temporal-resolution measurements,
while multiple inlets and sensing elements enable two-axis velocity estimation. The one-axis waterflow sensor
was integrated into a biologging system, which was then used to validate the proposed sensor effectiveness
through field experiments with wild sea turtles.

Chapter 1 introduces the background and objective of this research work.

Chapter 2 describes the principle, design, and fabrication of the one-axis Pitot-type sensor, beginning with
requirements derived from sea turtle swimming characteristics and followed by formulation of the measurement
principle, physical model, and prototype development.

Chapter 3 evaluates the sensor’s basic characteristics: differential pressure tests are compared with model
predictions, environmental disturbances are applied to confirm robustness, and water tunnel experiments yield an
equation for converting sensor output to waterflow speed.

Chapter 4 presents the two-axis sensor, introducing its physical model, analyzing pressure distributions, and
constructing a neural network (NN) to estimate speed and direction. A prototype sensor is fabricated, tested in
controlled waterflows, and the NN is trained with the results, demonstrating accurate two-axis measurements.

Chapter 5 presents field tests of the one-axis sensor integrated into a biologging system. Aquarium experiments
are performed to verify correspondence between the sensor outputs and the swimming behavior captured in video
recordings. Next, a motorized fishing rod test compared waterflow speeds measured by the sensor and a propeller
logger. Finally, a biologging experiment is conducted in a natural marine environment by attaching the sensor
system to a wild sea turtle. The results demonstrate that the developed sensor system measures the relative
waterflow speed of loggerhead turtles under field conditions.

Chapter 6 presents the overall conclusions obtained from this research.
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