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“WEARABLE SYSTEM FOR MONITORING A SWIMMER'S PERFORMANCE”
DESCRIPTION

The present invention relates to a wearable system for monitoring a swimmer's performance.
In particular, the present invention relates to a system composed of a sensor-fitted garment
and a device coupled thereto, capable of providing data about the heart rate, movement and
acceleration of the swimmer wearing it. The present invention is intended, therefore, to be
used mainly by the user during swimming practice in order to improve his or her performance
and increase fitness, or to measure the effects of a water-based rehabilitation therapy.
Swimming is a widely-practiced sport in our society, since it is an all-round sport that,
compared to many other sports, moves the whole body and trains a wide range of muscles,
which is why it is often recommended for children and people with particular back problems
involving the muscles and bones.

At the same time, swimming does not require any costly equipment, but rather only a
costume, a pair of goggles and a swimming cap.

The sport’s popularity can also be attributed to the large number of sporting events that feature
it, for example the Olympic Games, where swimming is one of the major sports and one of
those most followed by the public.

These and other factors have helped to create a large number of amateur and semi-amateur
swimmers who practice and follow the sport regularly.

In most cases, this category of swimmer is not followed by a trainer and does not make use of
advanced instrumentation to analyse their sports training in order to improve their
performance and optimize the time used for training.

Swimming is a cyclical sport, the aim of which is to move through water smoothly and
quickly.

To achieve this, it is fundamental to have perfect coordination between the various parts of
the body and excellent technique.

Technique and coordination are of similar, if not greater, strategic importance as athletic
abilities. Indeed, when swimming, if one changes by even the slightest amount a movement or
position of the body, for example the angle of rotation of the head or the stroke speed, it can
result in a significant improvement of deterioration in performance.

Unfortunately, it is not always easy to identify how to improve performance precisely because
it 1s difficult to understand how to change one's body movements to one's own advantage.
Indeed, even with the help of a trainer, difficulties can arise due to the fact that most

movements take place under the surface of the water and are therefore difficult to observe.
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There are currently several products available on the market that can help and improve
training for sports men and women. In particular, there are monitoring systems that can assess
physical performance using the swimmer's heart rate associated with their speed and the
amount of time that has elapsed.

These products have certain limitations, however, when they are used for swimming, since the
electronic instrumentation may have problems caused by coming into contact with water, and
may also be inadequate from the functional point of view when used for a technical sport such
as swimming.

Furthermore, these products can be uncomfortable for the swimmer since they prevent the
arms and legs from remaining free, or at least free of bracelets or ankle-bands, which can
interfere with the swimming stroke and can even influence the swimmer's performance in
terms of fluid-dynamics.

US PATENT 2011/0172549 describes a heart rate and Electrocardiogram (ECG) monitoring
system for use in high-motion conditions, and even under water. The system features a strap
on which both electrodes and the processor that analyses the signals from the electrodes are
positioned. This processor is positioned on the chest of the swimmer, which however proves
uncomfortable and bulky when swimming, and when practicing any other water sport.
Furthermore, the use of a simple strap for positioning the electrodes and the processor, can be
disadvantageous, since the swimmer's movement together with the presence of water, which
acts as a lubricant, can cause the strap to slide along the swimmer's body, thereby
compromising the detection of the ECG signal and the performance of the swimmer, who
may now find an object hanging around his or her waist.

WO 2010/113134 describes a monitoring device for swimming wherein there is a sensor for
detecting the position of the swimmer during physical activity. The device, which can also be
fitted a heart rate detection system, presents certain problems in relation to the position of the
sensor both in terms of stability and in terms of its bulk and the discomfort it may cause the
swimmer. In particular, the position of the sensor in the centre of the swimmer's chest can be
uncomfortable and impractical for swimming. Furthermore, the chest strap on which it is
positioned can move easily when swimming, thereby changing the position of the sensor and
invalidating the signal reading.

It would therefore be desirable to have a system for monitoring the physical performance of a
swimmer, which can detect parameters of movement and physical performance of the athlete
when under exertion in the water.

It would also be desirable to have a monitoring system that is easy to put on and stable during
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sporting activity, in other words a system that does not change its position as a result of the
swimmer's movements.

Lastly, it would be desirable to have a system that enables the parameters to be monitored
constantly without compromising the swimmer's performance and without causing any kind
of discomfort because of its position.

An aim of the present invention is therefore to provide a system for monitoring the physical
performance of a swimmer that can also operate easily under water.

A further aim of the present invention is to provide a monitoring system that can be easily
worn by the swimmer and at the same time is stable and not uncomfortable during physical
exertion and movement.

Another aim of the present invention is to provide a monitoring system that can assess both
the swimmer's technique and his or her physical performance, so as to obtain complete
training data.

These and other aims and advantages of the invention, which will become more apparent
from the following description, are achieved by means of a garment for practicing water
sports, characterized in that it comprises two or more heart rate and/or ECG signal sensors, an
inertial system for detecting movement comprising an accelerometer, a heart rate and/or ECG
signal detection circuit, a microprocessor for analysing the data from said heart rate and/or
ECG signal detection sensors, and a transmitter for sending said data to a receiver unit; said
movement detection inertial system, said microprocessor, said circuit and said transmitter
being contained in a casing placed on the back portion of said garment so that said casing is
placed along the spinal column in a position corresponding to thoracic vertebrae T6-L.3 when
the garment is worn by the user. In this manner it is possible to monitor the physical
performance of a swimmer practicing the sport in the water, in a stable, repetitive manner,
without causing any discomfort to the swimmer and without risking movements or
malfunctions of the sensors and of the movement detection inertial system.

Preferably the heart rate detection sensors are positioned on the thoracic-abdominal portion of
the garment, so that said sensors are positioned in the upper thoracic-abdominal strip area in a
position corresponding to ribs 9-12. This guarantees correct contact with the skin in the best
position for detecting heart rate.

Preferably the movement detection inertial system comprises a gyroscope, so that it is
possible to detect with great sensitivity the position of the swimmer in space.

Preferably the heart rate sensors are positioned along an elastic strap in the abdominal portion

of the garment. This guarantees the correct position of the sensors and limited discomfort for
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the swimmer even when breathing heavily during physical exertion.
Preferably the heart rate sensors are made of textile material. This guarantees an excellent
contact with the skin so as to obtain a precise signal at all times.
Preferably the heart rate sensors have a convex profile turned towards the inside of the
garment. In this way, contact with the swimmer's skin is maximized even in the event of a
slight movement of the garment on the swimmer's body.
Preferably the casing containing the movement detection inertial system, the circuit, the
microprocessor and the transmitter is made of an impermeable material. This will guarantee
the optimal operation of the components even when operating in water, thereby making it
possible to monitor the swimmer's performance while swimming.
Preferably the impermeable material the casing is made from is selected from the group made
up of polyethylene, polypropylene and polystyrene. More preferably, the casing is made from
high-density polyethylene. This will guarantee the optimal impermeability of the components
while keeping the system as light as possible and also helping it to float.
Preferably the garment for practicing water sports according to the present invention
comprises a data display unit comprising a receiver unit and a display. In this way it is
possible to assess the swimmer's physical performance in real time and after the end of the
training, so that both the technical components of the swimming stroke and the swimmer's
physical performance can be improved based on the data obtained.
Preferably the garment for practicing water sports according to the present invention
comprises a storage unit for recording the data analysed by said microprocessor, thereby
making it possible to store data during the training session and transfer them subsequently to
the receiver unit.
Further characteristics and advantages of the present invention will become more apparent
from the following detailed description of a preferred embodiment thereof, illustrated by way
of non-limiting example in the accompanying Figures, in which:
- Figure 1A shows a front view of an embodiment of the garment according to the
present invention, for a female model;
- Figure 1B shows a side view of an embodiment of the garment according to the
present invention, for a female model;
- Figure 1C shows a rear view of an embodiment of the garment according to the
present invention, for a female model;
- Figure 2A shows a front view of an embodiment of the garment according to the

present invention, for a male model;
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- Figure 2B shows a side view of an embodiment of the garment according to the
present invention, for a male model;
- Figure 2C shows a rear view of an embodiment of the garment according to the
present invention, for a male model;
- Figure 3 shows a schematic view illustrating the position on the swimmer's back of the
casing containing the accelerometer, microprocessor and transmitter;
- Figure 4 shows a schematic view illustrating the position on the swimmer's upper
body of the heart rate sensors;
- Figure 5 shows a graph of the front-rear, lateral and vertical acceleration when doing
crawl;
- Figure 6 shows a graph of the front-rear, lateral and vertical acceleration when doing
the breaststroke;
- Figure 7 shows a graph of the front-rear, lateral and vertical acceleration when doing
the backstroke.
With reference to the accompanying drawings, the garment for water sports consists of a
costume, in other words a garment made from a material suitable for use in water when
practicing sport as commonly recognized, which can be worn on the upper body of the
swimmer, and in particular can be worn as a bib. This particular embodiment allows the
garment to be comfortable and prevents it from moving and slipping along the swimmer's
when swimming, which would alter the measurements and create discomfort, and the area of
the electrodes in contact with the skin is made impermeable.
As illustrated in figures 1 and 2, the garment 10 can be used by both female and male athletes,
thanks to the cut and shape of the fabric used. This enables swimmers to have a garment that
fits perfectly and is therefore comfortable both for female users and male users.
The garment 10 according to the present invention comprises two or more heart rate and/or
Electrocardiogram (ECG) signal sensors 100, positioned along an elastic strip 110 placed on
the abdominal portion of the garment, as illustrated in figures 1A and 2A. In particular, the
sensors 100 are placed such that they are in a position corresponding to ribs 9-12 once the
garment has been put on by the swimmer, as illustrated in figure 4. This guarantees perfect
reception of the electrical signal generated by the heartbeat. Furthermore, this position is also
the ideal position from the ergonomic point of view, since it creates the least possible
discomfort for the swimmer during periods of physical activity.
The elastic strip 110 serves the dual purpose of keeping the garment in the correct position, by

adhering perfectly to the swimmer's upper body, and of guaranteeing the correct contact of the
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heart rate sensors 100 with the swimmer's skin, thereby guaranteeing continuous, effective
reception of the electrical signal needed to monitor heart rate, although the area in question is
impermeable to prevent short circuits between the electrodes caused by the presence of water.
In a second embodiment of the present invention, not illustrated in the figures, the garment
comprises a series of sensors positioned along the elastic strip in order to detect not only the
heart rate but also to make it possible to obtain an electrocardiogram trace, so as to have
additional, more detailed information about the swimmer's fitness.

In a preferred embodiment of the present invention, the heart rate and/or ECG signal sensors
100 are made of a textile material, in other words they are made of a fabric that can conduct
electricity, which is applied to the elastic strip 110 in the inner portion of the garment so as to
ensure a better contact with the swimmer's skin.

In order to further improve the contact with the swimmer's skin, in a preferred embodiment of
the present invention, the sensors 100 are padded with soft, inert textile material so as to be
slightly rounded and therefore to have a convex profile turned towards the inside of the
garment 10. This guarantees a better contact of the electrodes on the skin, without creating
discomfort for the swimmer.

The electrical signals detected by the sensors 100 are picked up by an electrical circuit and
analysed by a microprocessor - according to the state of the art - which is connected to them
by means of normal electrical connection systems.

The garment 10 according to the present invention comprises an inertial system consisting of
at least one triaxial accelerometer or a series of uniaxial accelerometers capable of detecting
and measuring the swimmer's acceleration and therefore capable of detecting movement along
the three Cartesian axes X, Y and Z so as to have a precise indication of the movement of the
swimmer's body in order to assess the technical component in relation to the various
swimming strokes.

In a further embodiment of the present invention, not illustrated in the figures, the garment
comprises a gyroscope capable of precisely detecting the swimmer's position in space, so as to
be able to understand exactly the position of the swimmer's body during the various stages of
the different swimming strokes, thereby making it possible to correct any errors of positioning
or movement.

In particular, using the acceleration along the Front-rear axis, it is possible to evaluate the
amount of propulsive thrust generated by the swimmer in the different swimming strokes.
Acceleration along the lateral axis makes it possible to evaluate arm and feet movements in

crawl and backstroke. Acceleration along the vertical axis makes it possible to evaluate

6



WO 2015/155069 PCT/EP2015/057066

progress when doing the breaststroke.

The signals from the accelerometer are also collected and analysed by a microprocessor, in
the same way as the signals coming from the heart rate sensors.

In a further embodiment of the present invention, not illustrated in the figures, the garment
comprises a gyroscope capable of precisely detecting the swimmer's position in space, so as to
be able to understand exactly the position of the swimmer's body during the various stages of
the different swimming strokes, so as to be able to understand exactly the position of the
swimmer's body during the various stages of the different swimming strokes.

According to the present invention, the inertial system and the microprocessor for processing
the signals both from the inertial system itself and from the heart rate and/or ECG signal
sensors, are contained in a casing 200 made of an impermeable material.

The casing 200 containing the inertial system and the microprocessor, is positioned on the
back portion of the garment 10, as illustrated in figures 1B, 1C, 2B and 2C. In particular, it is
placed along the spinal column of the swimmer so that it is in a position corresponding to
thoracic vertebrae T7-T12 when the garment is put on by the swimmer, as illustrated in figure
3.

Preferably, the casing 200 is placed in a position corresponding to vertebrae T6-1L.3.

Even more preferably, the casing 200 is placed in a position corresponding to vertebrae T9-
L1

Figures 5, 6 and 7 show the graphs of the accelerations recorded by the accelerometer with
reference to the three main swimming strokes. In particular, figure 5 shows the graph of
accelerations for crawl, in which the individual strokes are indicated by the peaks of lateral
acceleration and the propulsive forward thrust is indicated by the Front-rear accelerations,
corresponding to each individual stroke. The figure also shows the moment of the turn by the
swimmer after a length of the pool, so that it is possible to evaluate each individual length in
detail, and any deterioration in the swimmer's performance over time.

Figure 6 shows the graph of accelerations for breaststroke, in which the phase of entering and
exiting the water is indicated by the vertical accelerations.

Figure 7 shows the graph of accelerations for the backstroke, where the individual strokes are
also indicated by the lateral accelerations.

The position of the casing 200 on the back portion of the garment 10 is particularly suitable
both from the point of view of recording of the kinetic movement parameters by the inertial
system, and from the point of view of comfort for the swimmer. The position on the back

enables the accelerometer to record precisely the lateral, rear and vertical accelerations for the
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purpose of assessing the swimmer's movement during the three swimming styles, so as to
have precise indications of any technical errors to be corrected while swimming, as illustrated
above. Furthermore, as far as the swimmer's comfort is concerned, this position creates the
least possible discomfort for the swimmer, thereby allowing him or her to swim naturally, and
therefore enabling a real, effective evaluation of the swimming stroke to be made.

The impermeable material of which the casing 200 is made must guarantee a high degree of
impermeability to water, so as to allow the electrical components to operate correctly, but at
the same time it must be a light, easily-worked material, so as to create the minimum possible
discomfort for the swimmer during physical activity, and to allow easy installation of the
components during the assembly phase. This impermeable material is selected from the group
made up of polyethylene, polypropylene and polystyrene. Preferably, the casing 200 is made
from high-density polyethylene (HDPE) so as to ensure adequate impermeability while at the
same time keeping the weight of the whole garment down.

In order to evaluate the data obtained, the casing 200 contains a transmitter, connected to the
microprocessor, capable of transmitting to a receiving unit the speed and heart rate data
recorded. In particular, the data are transmitted to an external unit such as a PC, tablet or any
other electronic device comprising a signal receiving unit and a display on which to evaluate
the signals recorded.

These signal receiving and display instruments may be equipped with a data processing
program that will enable the quality of the recorded data to be evaluated automatically,
thereby providing precise indications relating to the swimmer's training and consequently to
any technical changes to be made in order to optimize the swimming stroke and improve
performance.

In a further embodiment of the present invention, the garment comprises a storage unit for
recording the data analysed by the microprocessor. In this way the recorded data can be
transferred to the display unit at any time, including not during the actual training session.
This means that the recorded data can be analysed even after several training sessions and not
after or during each individual training session.

In the case of other sports, this system offers the same information about heart rate and/or
ECG signal and about the kinetic parameters relating to the movement or gesture made.

Similar information is obtained in the case of water-based motor rehabilitation.
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CLAIMS
Garment (10) for practicing water sports, characterized in that it comprises two or
more heart rate and/or ECG signal sensors (100), an inertial system for detecting
movement comprising an accelerometer, a heart rate and/or ECG signal detection
circuit, a microprocessor for analysing the data from said heart rate and/or ECG signal
detection sensors, and a transmitter for sending said data to a receiver unit; said
movement detection inertial system, said microprocessor, said circuit and said
transmitter being contained in a casing (200) placed on the back portion of said
garment so that said casing is placed along the spinal column in a position
corresponding to thoracic vertebrae T6-L3 when the garment is worn by the user.
Garment (10) according to claim 1, characterized in that said movement detection
inertial system comprises a gyroscope.
Garment (10) according to claim 1, characterized in that said heart rate sensors (100)
are positioned on the thoracic-abdominal portion of said garment, so that said sensors
are in a position corresponding to ribs 9-12.
Garment (10) according to claim 2, characterized in that said heart rate sensors (100)
are positioned along an elastic strip (110) of said thoracic-abdominal portion of said
garment.
Garment (10) according to claim 1, characterized in that said heart rate sensors (100)
are made of textile material.
Garment (10) according to claim 1, characterized in that said heart rate sensors (100)
have a convex profile turned towards the inside of the garment.
Garment (10) according to claim 1, characterized in that said casing (200) is made of
an impermeable material.
Garment (10) according to claim 6, characterized in that said impermeable material is
selected from the group made up of polyethylene, polypropylene and polystyrene.
Garment (10) according to claim 7, characterized in that said casing (200) is made
from high-density polyethylene.
Garment (10) according to claim 1, characterized in that it comprises a data display
unit comprising a receiving unit and a display.
Garment (10) according to claim 1, characterized in that it comprises a storage unit for

recording the data analysed by said microprocessor.
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