Haptic Directional Instruction System for Sports
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Abstract. In this study, we propose a new haptic instruction system for sports
training that coaches and instructors can use to provide players with direction
instructions when the players are on the field. The system consists of a
stimulation unit (SU) to be worn by the player and an instruction unit (IU) for
the instructor. Players wear the SU around their waist and can receive
instructions about the directions they should go in and watch, by way of
vibrations generated by 13 vibration actuators on the SU. The IU sends a signal
containing direction instructions to the SU via wireless communication modules
when a joystick of the IU is tilted by the coach or instructor. Preliminary
experiments confirmed that no participant felt the slipping away of the SU, and
all participants were able to recognize its vibrations when running at 5 km/h and
10 km/h, and when standing (0 km/h). However, at 15 km/h, a participant who
has a plump body hardly detects the vibrations on the back of their waist. Future
improvement will entail improving the method of providing stimuli at the back
of the waist. By using the system, instructors and directors can provide
directions to a field player without the need for voice or gestures.
Keywords: Haptic device, vibration, support system, direction instruction,
superhuman sports
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Introduction

Using voice and gestures to instruct a player on the field on how to approach the ball or
which direction they should go in and watch relation to other players is a very common practice
used by coaches and instructors in sports. However, if the player cannot hear the instructor’s
voice or look at the instructor while they are gesturing, it is difficult to receive any instructions
about the direction the instructor wants him or her to move in. Moreover, when an instructor
says or points to the “right” when the player is running around the field or playing the game,
the player does not, in many cases, understand which direction is being referred to. Yet
instructors need to indicate specific directions especially for beginners who often do not always
know what to do in the field as compared to professional players. We propose a new system
that uses neither voice nor gestures to give the correct direction instruction to players while
they are running or standing on the field.
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A few researchers have developed haptic devices for indicating directions using vibrations
[1-3], but have not yet confirmed if these devices can be applied in field sports where players
are in constant vigorous motion. In the related study [4], they proposed the tactile system for
sports [4], however, the system provides only left and right direction for the players. On the
other hand, in this study, we propose the system which is more effective for beginner players
by providing more detail vibration areas and improving the accuracy of direction. Therefore, it
is necessary to verify the feasibility of haptic devices for indicating the detail directions of
movement in these sports.
The purpose of this research is to develop a new haptic instruction system and to confirm
that players wearing it can correctly recognize which direction the coach intended them to go or
give attention, even when they are running.
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System Overview

The developed haptic system consists of a stimulation unit (SU) and instruction unit (IU) as
shown in Fig. 1 (a). The SU has a microcomputer (The Switch Science mbed HMR1017), a
wireless communication module (XBee-PRO ZB), a geomagnetic sensor (LSM9DS0), and 13
vibration actuators (T.P.C FM34F). The vibration of the actuators is 17.6 m/s2, which is
approximately equal to that of a mobile phone. The SU also has two vibration actuators at the
back position (i.e. actuator number 7 in Fig.1 (a)) to make the stimulation stronger because
human beings have lesser sensory organs at the back than the front and side of the lumbar [5].
The geomagnetic sensor measures the directions of the player’s trunk. Players in the field wear
the SU around the waist as shown in Fig. 1(b). The player can adjust the positions of the
vibration actuators according to his or her body shape. The SU provides field players with
vibration sensory stimulations in 12 directions. The instructors, such as coaches and directors of
sports teams indicate the direction using a joystick, which is part of the IU. The IU can
communicate with the SU at least 100 m away. The weight of the SU is approximately 150 g
with the battery included and can be used for at least an hour before recharging.
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Fig. 1. Developed haptic system

The player’s trunk and the joystick are divided into 12 divisions (indicating 12 directions).
The direction of the joystick corresponds with that of the player’s trunk. First, to calibrate both
in various directions, instructors and players match the direction of their body, then, the
instructor using the IU pushes a calibration switch. When the joystick is tilted to the front and
to the direction of the IU, the front part of vibration actuator, i.e. no. 1, is activated (Fig. 2 (a)).
In the case that the joystick is tilted to the front and the direction of player’s trunk rotates
approximately 60° in the clockwise direction, the actuator located at the left side of player’s
body, i.e. no. 11, is activated (Fig. 2 (b)). The SU provides field players with the vibration
stimulation at the relative direction of the instructor.

(a) No rotation of player’s trunk

(b) Rotation in clockwise direction

Fig. 2. Relationship between directions of player’s trunk and joystick
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Experiment

We carried out preliminary experiments to confirm that the players wearing the SU could
feel the vibration stimulation and correctly understand the instructed directions while they are
running.
In the experiment, we measured gaps between the actual instructed directions and the
stimulation positions that players recognized, and we evaluated the subjective strength of
stimulations and the wearability of the SU as well. We applied the system for five participants,
and used a treadmill for the constant running velocity. The participants wore the SU and ran at
5, 10, and 15 km/h, and when standing (0 km/h). We gave instruction for 12 directions at
random for each participant without informing them that the stimulation had started, and asked
participants to respond to the position and the strength of the stimulations. The instruction
indicated 1 of 12 directions, i.e. direction number 1–12, as shown in Fig. 2 (a), and the
participants were asked to respond to the instruction as quickly as possible. In addition, they
responded to the subjective strength of the stimulations using an evaluation scale of 1–4
(unbearable, high-strength, low-strength, and not at all). To evaluate the wearability of the SU,

we asked the participants if they experienced any slipping of the SU on their waist and any
disturbance in movements caused by the SU at each velocity. Finally, we asked them whether
they felt the phantom vibrations [6] that were experienced by some participants owing to
vibration stimulations around their waist after taking off the SU.
From the results of the subjective evaluation, it was concluded that the SU did not slip away
from the participants’ waists and did not cause a disturbance to their motion while running. All
the participants recognized all the stimulations at 0, 5, and 10 km/h, but at 15 km/h, a
participant that had a plump body hardly recognized the stimulations at the back of their waist,
i.e. the vibration from actuator number 7. Based on the participants’ comments, three
participants concentrated on the stimulations when they were running and no participant
experienced phantom vibrations after taking off the SU.
Table 1 shows the means of all gaps between the actual instructed directions and the
stimulation positions. There were no differences in the size of gaps between each velocity.
Table. 1. Means of gaps between the actual instructed directions and the stimulation positions
Velocity [km/h]
0
5
10
15
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Mean
0.33
0.38
0.34
0.34

Standard deviation
0.1
0.19
0.1
0.2

Discussion

We proposed a new haptic directional instruction system to indicate a lot of correct
directions as given by an instructor to the field players. We confirmed that the SU exhibited
satisfactory wearability for application in sports, and that it was able to provide the instructed
directions using vibration stimulations to the players while they were running. The accuracy of
directions would be improved because the system has more vibration comparing related study
[4]. However, because it was not as effective with players who have a plump body as other
players, we need to improve the method of providing stimuli at the back of the waist. In
addition, the developed system can be used for only one field player, whereas in actual sports,
coaches and directors instruct many players. We also need to improve the communication
protocols and system’s interface in order to switch from one player to another.
Beginners often do not know what they should do next. The proposed system would be
effective for them because it can help the instructor to instruct them on how to approach the
ball and which direction to go and watch in relation to that of an opponent player, by using
haptic stimulation. We need to test the effectiveness of the system through actual sports training
and games for beginners. Moreover, in this research, we confirmed that participants
concentrated on the vibration stimulations from the SU when they were running. However, in a
sports game, field players should concentrate on various things such as the position of the ball,
position of other players and combination plays. We also need to confirm that players wearing
the SU can understand which direction they are being instructed to go in and watch, even while
they concentrate on their game.

In this study, we assumed that an instructor indicates the direction of attention to the field
players, however, it is also possible to indicate the direction of “movement”. Therefore, we are
planning to consider how to provide these information. One possibility is providing the
different strength and frequency of stimulation.
We also plan to apply the system for augmented sports instruction delivery in actual training
fields and superhuman sports [7].
Additionally, by using this system, sports instructors and directors can provide direction
instructions to a field player without voice or gestures. Therefore, the system can be used not
only for ordinary players but also for hearing- or visually-impaired players. We also intend to
demonstrate the effectiveness of our system with such hearing- or visually-impaired players in
our future research.
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