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Understanding water flow around a swimmer is key to reducing water resistance when
swimming and improving propulsive force. However, existing water flow measurement
technologies are not suitable for measuring human swimmers because they can only measure
a limited area and have potential adverse health effects. In this research, we propose a
harmless method of water flow measurement using food-grade particles and a harmless light
source. Proposed water flow measurement technology for swimmers may contribute to
creating a more efficient swimming form, which remains unexplained thus far. To improve
propulsive force, reducing the resistance of water and creating specific vortexes of water at

certain points is important. Some studies show that aquatic animals such as fish and aquatic



insects make vortexes of water, creating a backwards jet steam to swim faster, and their
streamlined bodies significantly help reduce water resistance. Measurements of water flows
of aquatic animals, as well as objects such as swimsuits and pipelines, have been achieved
using existing methods. However, it is still not feasible to measure the water flow of swimmers’
strokes due to measurement limitations and possible adverse effects on humans when using
current methods. Wider-field water flow measurements reveal the position and cause of
turbulent flows, which are the main source of water resistance. Three-dimensional water flow
measurements would improve our understanding of the mechanism of swimming forms that
create a propulsive force in the water and aid in discovering better swimming forms that can

achieve more speed.

Flow measurements can be assessed using tracer particles that are scattered in fluids. Cameras
track the movement of these particles to measure water flows. Most existing fluid
measurement technologies use micro-order plastic particles as tracer particles and a laser light
source to visualize the particles. When a laser light is cast into the measurement environment,
the tracer particles become sufficiently brighter than their surroundings. This improves the
trackability of tracer particles using cameras and image processing to detect particles.
However, this method has potential adverse effects on humans, such as accidental swallowing
of the particles and laser burns. Generally, category 4 or category 3 laser light sources are
required for wide-field fluid measurement large enough to cover the size of an average human,
which can cause severe eye and/or skin damage. Therefore, water flow measurements in a
large space like a swimming pool have not yet been feasible. Another reason for this is that
the measurable area of existing methods has been limited due to limitations in optical systems,
such as the capacity of the laser and the speed and resolution of cameras. Enlarging the optical

system is technically difficult.

Given these factors, we propose a water flow measurement technology that uses tracer
particles suitable for a swimming pool. Furthermore, we propose a polarization-based
technique for visualizing the tracer particles. This method would extend the measurable area
compared to previous methods because it does not require the use of optical systems, whose
views are difficult to enlarge. Therefore, measuring tracer particles in wider spaces would be
more feasible than with existing methods. The proposed tracer particles must also be
functional; that is, they should move in accordance with water flows in the measurement field
and must be visible by cameras. Creating tracer particles with these characteristics and

proposing a visualization method for them would make a significant contribution to water



flow measurement in swimming pool environments.

In this research, we propose safer tracer particles that are composed only of food-grade
materials and an optical setup to make the particles trackable by cameras that utilize a
harmless light source. The tracer particles are less harmful than those traditionally used, even
in cases of accidental swallowing, and the optical setup used to visualize the particles has no
adverse effects on either human skin or eyes because the light intensity is lower than that of
lights used in a typical room. We use an optical property of tracer particles called optical
anisotropy that rotates the plane of polarization of polarized light to visualize the particles. By
placing the tracer particles between right and left circularly polarized plates, the tracer
particles become brighter than their surroundings. The dark background is due to the light
shielding caused by the combination of the two circularly polarized plates. The particles
become brighter because each particle rotates the angle of polarized light through its optical
anisotropy. In this research, we investigated the feasibility of the polarization-based water
flow measurement technology using tracer particles with optical anisotropy. We measured
water flow in a swimming environment with several swimmers. To test the capabilities of the
proposed water flow measurement technology for measuring slight water flows, such as
turbulent flows, we prepared objects of various shapes, including a spherical object (high
resistance), streamlined objects (low resistance), and a human-shaped doll posed in several
swimming forms, and put them into a water tank with a steady water flow. Proposed water
flow measurement technology has the potential to make contributions not only to swimming
but also a wide range of applications, such as hydraulic model testing for underwater
architecture, validation of fluid simulation, space-user interaction in underwater
entertainment systems, and education. The specific contributions of this paper are

enumerated below:

A setup of a safer and wider-field water flow measurement technology for swimmers.
Proposed tracer particles that are food-grade and harmless, even if they are swallowed by
swimmers, and move smoothly in accordance with the water flow caused by swimming
motions.

® An optical setup for making the tracer particles trackable uses a harmless light source,
while similar existing technology requires a strong laser light source.

® Demonstration of the proposed tracer particles and optical setup on real water flows

caused by swimmers and objects in a steady water flow.



