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Abstract. The mass and strength of skeletal muscles decrease with increasing
age, especially those of the knee extensor muscles. For elderly people, the
decrease in force-generation capability of the knee extensor muscles reduces
their ability to perform activities of daily life. Hence, the maintenance and/or
improvement of knee extensor muscle strength is very important for elderly
individuals. Home-based squat training without any special equipment or venue
is considered to be useful for preventing age-related decreases in strength of the
knee extensor muscles. The current study was designed to develop an admin-
istration system for elderly people to routinely perform body mass-based squat
training at home. The characteristics of the new system are the use of ono-
matopoeia to allow participants to self-check their movements during squat
training, and the provision of feedback functions for maintaining motivation
towards the training. We performed an experiment to test the validity of our
vision using a pilot version of the administration system. However, clear
effectiveness of our proposed system was not proven. In this experiment, we
used onomatopoeia for only one position, despite the fact that onomatopoeia are
useful for evaluating and focusing upon differences in movements involving
multiple joints. Hence, it is reasonable to assume that the full benefit of ono-
matopoeia was not realized with the current experimental design. Judging from
the current results, our plan related to this system requires further refinements.

Keywords: Video annotation � Onomatopoeia deformation �
Advice feedback � Muscle mass and strength

1 Introduction

It is well known that the mass and strength of skeletal muscles decrease with increasing
age, especially those of the knee extensor muscles (Candow and Chilibeck 2005; Kubo
et al. 2007; Overend et al. 1992). For elderly people, the decrease in force-generation
capability of the knee extensor muscles reduces their ability to perform activities of
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daily life, such as walking (Kim et al. 2000) and standing up from a chair (Hughes et al.
1996). Hence, the maintenance and/or improvement of knee extensor muscle strength is
important for elderly individuals.

Resistance training is effective for preventing this age-related decrease in muscle
strength. For example, many people may consider going to a training gym to routinely
perform resistance training, because of the availability of special equipment and pro-
fessional trainers. However, this is not convenient or practical for everybody. In
addition, for people without the appropriate knowledge of resistance training methods,
it can be dangerous to perform resistance training using such equipment. Taken
together, resistance training at a training gym is not a universal solution, especially for
elderly people.

There is a possibility that squat training improves the strength of the knee extensor
muscles. Here, we investigated the effectiveness of promoting body mass squat training
at home and without special equipment, in order to reduce injury risks, while facili-
tating continuation of the training. Our previous study (Ema et al. 2017) identified two
problems with such resistance training: (1) Elderly people cannot easily check their
own movements during squat training, and (2) It is difficult for elderly people to
maintain their motivation towards home-based squat training. In order to address these
problems, the current study aimed to develop a new promotion system for home-based
squat training that includes automated feedback and support.

Performing squat training with correct form is important for reducing the risk of
injury and maximizing the training effect. Hence, a system that enables users to
objectively confirm their training motion is thus desirable. A smartphone or tablet can
easily be used to capture moving images while performing the home-based squat
training. Moreover, if an objective evaluation of the motion during exercise is auto-
matically generated, based on the moving images, users can check their own motion. In
addition, users should be able to easily interpret the evaluation of the motion. One
possible approach to help with users’ comprehension is to use onomatopoeia. Ono-
matopoeia are words whose sound is imitative of a sound made by or associated with
its referent, such as “bang”, “bow-wow”, etc. In the new system, we incorporated
onomatopoeia in a video of squat training recorded using a smartphone and/or a tablet
camera. Moreover, we tried to maintain the motivation for users to train, because
training interruption can induce a decrease in muscle strength among elderly individ-
uals. The current study thus aimed to develop an administration system for elderly
individuals to routinely perform body mass-based squat training at home.

2 System Summary

2.1 Sensors

A method for monitoring the speed of body movements in training is required, because
the relationship between the speed and comprehension of onomatopoeia is a significant
point on the feedback video. In order to obtain the speed data, we designed a wearable
device incorporating 3-axis magnetic accelerometers and gravity sensors, to evaluate
joint position, angle, angular velocity and acceleration. We also considered
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affordability and ease-of-use in the device and interface design, as follows: (1) the
sensor and the video environment are easy to obtain; (2) the price of the sensor and the
video system are low; (3) the sensors are small enough to affix to the hip and knee
joints; (4) the video system can be easily installed; and (5) manipulation of the sensors
and the video can be managed by elderly individuals. We used hook-and-loop fastener
tape for the sensors, to make them easily attachable and detachable, and adopted video
capture equipment such as a smartphone on a tripod or a webcam for visual monitoring.

2.2 Onomatopoeia

Based on the sensor data, our system generates a visual transformation in which the
shape or size of a relatable image, i.e., the characters of onomatopoeia, changes as a
training hint, assisting comprehension of the correct or required movement. First,
because our system is used for squat exercises, we selected the word “Gu” as the
onomatopoeia because this word can enable Japanese users to instinctively evaluate the
degree of their effort. The displayed character size and shape transform according to the
joint angle and its change, respectively. For example, if a joint is flexed rapidly, a large
and thin letter is displayed, and vice versa. Additionally, the color of the character
changes based on the presence or absence of motion. A red character is used during
squatting, and a green character when standing. These visual effects were intended to
help users understand their body posture and movement speed. Furthermore, by
imparting onomatopoeia to each of the joints involved in the physical exercise, users
can obtain information about each joint motion and can understand the overall motion
of their bodies. Therefore, the onomatopoeia transformation can express differences in
the movements of plural joints by using different sizes, speeds and angles.

As shown in Fig. 1, the user’s squatting motion and characters of onomatopoeia for
each joint are simultaneously displayed on the screen of a smartphone or tablet with our
web application installed. Users are able to check their overall motion from the squat
animation displayed on the left side. The web application has a zoom function that
enables users to easily distinguish the precise differences between joint motions based
on the changes in character size and shape of onomatopoeia. By selecting a specific
body part, an enlarged view of interest is displayed in the right side of the display. The
degree of magnification can be adjusted using a slide bar.

2.3 Feedback

In addition to the combined use of animation and onomatopoeia, a real time feedback
function was designed to help users visualize their efforts to train. As shown in Fig. 2,
users record an animation with a smartphone or tablet. The video data are automatically
transmitted to a cloud and onomatopoeia are added to the training motion of the
animation data. After finishing the training session, the user can start a web application
to confirm their motions with onomatopoeia. If they performed the squat exercise
accurately, the character size of the onomatopoeia changes smoothly (Fig. 3(b)). The
onomatopoeia shown in Fig. 3(a) indicates an inaccurate form during squat exercise.
As shown in the conceptual diagram (Fig. 4), we can compare the two animations
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displayed on the web application: one is a sample animation of the experienced
instructor, and the other is the users’ animation during the squat exercise.

A second feedback function indicates the improvement of muscle strength. Users
perform muscle strength testing every month using a dynamometer (CON-TREX MJ,
PHYSIOMED, Germany) and the results are stored in the proposed system and shown
as a graph. This function is designed to maintain and/or increase motivation regarding
the continuation of home-based squat training among elderly users.

Fig. 1. Screen of the web application installed in a tablet/smartphone

data stored in the cloud
automatic analysis by application
advice to user

feedback

clouduser
training
animation with tablet/smartphone

data

Fig. 2. Flow of the administration system
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Fig. 3. Specific examples onomatopoeia of inaccurate form (a) and accurate form (b) during
squat exercise

Gu Gu

user instructor

Fig. 4. Conceptual diagram of the two animations displayed on the web application
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3 Pre-study

In the pre-study, we first verified the operation of the web application. The participant
was a young male. To quantify the joint position and angular velocity during squatting,
the sensor devices were attached to the greater trochanter, knee joint cleft and lateral
malleolus. The participant performed several squat repetitions, and we recorded the
motion.

The web application identified the sensors as the center of rotation of each joint,
and detected the position and angular velocity of the sensors. Thus, we confirmed that
the squat motion can be quantified appropriately by using the web application, and that
an animation with onomatopoeia based on the device data of devices could be
generated.

4 Experiment

4.1 Participants

Eight young men participated in the study (age: 23 ± 1 year; body height:
172.3 ± 5.8 cm; body mass: 65.3 ± 9.1 kg; mean ± standard deviation). The par-
ticipants were divided randomly into two groups in order to evaluate the usefulness of
the feedback function with onomatopoeia for improvement of squat motion. In both
groups, the squat motion was recorded from a sagittal plane. In Group A, the partic-
ipants were able to check their own motion using the feedback function, which displays
the squat animation superimposed by numerical data of joint position and angular
velocity (Fig. 5). In Group B, the squat animation with onomatopoeia, intended to help
the user instinctively understand their joint position and angular velocity, was used as
an alternate feedback function (Fig. 6). The character size of the onomatopoeia rep-
resented the joint angle and angular velocity. Specifically, the font size was small when
the knee joint was extended, and increased in size with knee flexion. In addition, to
indicate a standing position, the character color changed with hip position. When the
device attached to greater trochanter was in the initial highest position (i.e., standing),
the character became orange (Fig. 7). In other positions, the character was red (Fig. 8).
The participants in this experiment had received no direct instruction on squat training
from an athletic trainer, but they had some information about squat form.

4.2 Protocol

In order to evaluate the improvement of squat motion, all participants performed squat
exercise four times for two days. Considering the difference in knee extensor strength
between young and elderly individuals (Overend et al. 1992; Kubo et al. 2007), a 20 kg
barbell was used as a load in this experiment. As in the pre-study, the sensor devices
were attached to the greater trochanter, knee joint cleft and lateral malleolus. Before the
squat training on the second day, the participants viewed their own motion from the
first day using the feedback function. They then established a learning objective for the
second day by comparing their own squat animations with numerical data (Group A) or
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Max angle:
Min angle:

Current angle:
Max velocity:
Min velocity:

Current velocity:

94.3°
24.0°
47.4°
1.15°/frame
0.01°/frame

-0.76°/frame

Fig. 5. Feedback by the animation and numerical data in Group A

Fig. 6. Feedback by the animation and onomatopoeia in Group B
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Gu

Fig. 7. Onomatopoeia at the standing position

Fig. 8. Onomatopoeia at large knee flexion angle
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onomatopoeia (Group B) with those of the experienced instructor. For instance, if they
felt that their hip position at the lowest point of the squat on the first day was higher
than the posture of the instructor, they set an objective to try to lower their hips. After
the training, we interviewed the participants as to what extent were they able to achieve
their learning objective, based on viewing their training motion from the second day.

4.3 Results and Discussion

In Group A, three participants were able to achieve their learning targets (Table 1).
They indicated that the position of the waist during the downward phase of the squat
exercise was easy to understand. This seemed to be due to the display of the joint
angles. In contrast, it was difficult for the members of Group A to perform squat
exercises at a constant speed because of the time-course changes in the displays of joint
angle and angular velocity.

In Group B, two participants were able to achieve their learning targets (Table 1). It
was easy for the participants of Group B to instinctively understand the differences in
motion during squat exercise between the downward and upward phases, because of
the displayed onomatopoeia. However, two participants could not achieve their
learning objectives. In this experiment, we displayed onomatopoeia in only one
position. As described above, however, the use of onomatopoeia is effective for
expressing differences in movements of plural joints. In other words, the full benefit of
onomatopoeia may have been difficult to realize using the current experimental design.
We thus could not demonstrate a clear difference in the usefulness of the system
between Groups A and B.

Table 1. Learning objectives of Group A and Group B
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5 Conclusion

We proposed a new administration system for elderly individuals to routinely perform
body mass-based squat training at home. The characteristics of this system are to
include onomatopoeia and real time or long-term feedback functions. Judging from the
results of our experiment, however, our plan requires further refinements.
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