A Study on Methodology of Measurement for the Physical Burden on Preschool Children
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Abstract

Measuring the burden placed on the body of a preschool child is difficult and has rarely been measured
using motion capture. In this paper, the AnyBody Modelling System was used to verify whether it is
possible to calculate the burden on the preschool child's body using motion capture. The lumbar burden
value for preschool children was calculated, defining the burden on the lumbar region as the burden on
the body as a whole. Few measurements have been made on young children with the AnyBody Modelling
System. Therefore, the validity of the pre-school child figure was verified by comparing the lumbar burden
with that of adult male. In addition, by setting the adult male data based on the preschool child's height
and weight and comparing the calculated values with the preschool child's actual values, the possibility of
simulating children's body burden in various movements using adult body models in the future was

examined.
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1. Introduction

In contemporary Japan, where the decline in children's
physical fitness [1] is an issue, it is very meaningful to
analyze the physical activity of children, especially pre-
school children, by various methods.

Methods for measuring physical activity include
continuous heart rate recording, electromyography,
pedometers, calorie counters and accelerometers
[2],[31,[4]. However, analysis with motion capture data
is less common in pre-school children. Possible reasons
for this include the inability to accurately read body
movements due to their small size, and the fact that
children often move differently from adults and cannot
respond to these movements.

In this paper, we have examined whether it is possible
to calculate the burden on the body of pre-school children
using motion capture, using the AnyBody Modelling
System [5], a musculoskeletal mechanics analysis
software that is widely used worldwide. The lumbar
burden values for pre-school children were calculated
based on the definition that ‘the burden on the lumbar
region is the burden on the body’. Few measurements
have been made on pre-school children using the
‘AnyBody Modelling System’. Therefore, the lumbar
burden values of adult males were compared to those of
preschool children to verify the validity of the preschool
children's values. In addition, the adult male data was set
to the height and weight of a girl, and the calculated
values were compared and examined with those of a pre-
school child to verify whether it would be possible to

simulate the burden on a child's body in various
movements with an adult's body in the future.

2. Methodology

The subjects were one 5-year-old girl and one adult
male. Their respective heights and weights are shown in
Table 1. To verify whether it is possible to calculate the
burden on the infant's body using motion capture, videos
of ‘balancing’ and ‘squatting” (Fig. 1) were taken and the
burden on the lower back was calculated using the
AnyBody Modelling System. To verify whether the
values were valid, videos of the two movements were
also taken of adult males and compared with the
calculated values. In addition, the adult male data was
analyzed with the height and weight of a 5-year-old girl
set and compared and examined with the actual values for
a 5-year-old girl to verify whether simulation of the
movements by an adult would be possible in the future.

Table 1. Adult male squatting

Preschool Child Adult Male
Height 100 180
(cm)
Weight
17 78
(kg)
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Fig. 1. Adult male squatting

The AnyBody Modeling System's analysis procedure

After the video was recorded, the video was converted
to mp4, the part to be analyzed was cut out for about 10
seconds, and motion capture data (hereinafter referred to
as BVH) was created. The lumbar burden was calculated
as the burden on the most painful lumbar vertebrae L4L5.

3. Results and Discussion

3.1. Relevance of the definition

For the purposes of this paper, we define “the burden
on the hips is the burden on the body. Fig. 2 shows a 5-
year-old girl performing a series of balancing movements
from behind. The color of the muscles used is changed to
indicate the areas of high burden. The color of the lower
back in addition to the color of one leg, which is weight-
bearing, indicates that the burden is placed mainly on the
lower back. Fig. 3 shows a series of crouching
movements viewed from behind. The fact that the two
movements are mainly burdened on the lower back shows
that they meet the definition of “the burden on the lower
back is the burden on the body”.
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Fig. 2. Sequence of balance movements from behind
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Fig. 3. Sequence of squat movements from behind

3.2. Comparison of Values between a 5-year-old
girl and an adult male

The burden on the body, based on the standing posture,
is approximately 100 [N] for a weight of 10 kg. Therefore,
a 5-year-old girl weighs 17 kg, so the burden on her body
in the standing posture is approximately 170 [N]. An
adult male weighs 78 kg, so the standard is approximately
780 N. The burden increases when the body is carrying a
load in its hands or when the body axis is tilted.

The average and maximum values of the burden value
of the lower back in the balancing movement were
257.866[N] and 425.870[N], respectively, for a 5-year-
old girl (Fig. 4). A 5-year-old girl's maximum value
posture is posture 8 in Fig. 2, in which the body is tilted
due to loss of balance. The mean and maximum lumbar
strain values for the balancing movements of adult males
were 1012.574 [N] and 1939.441 [N], respectively (Fig.
5). The posture with the maximum value for the adult
male was the same as that of the 5-year-old girl, in which
he was off-balance, and his body was tilted.
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Fig. 4. Graph of lumbar burden values for Balance in
a preschool child
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Fig. 5. Graph of lumbar burden values for Balance in

an adult male
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The mean and maximum values of the squatting burden
were 310.173[N] and 556.171[N], respectively, for the 5-
year-old girl (Fig. 6). The mean and maximum lumbar
strain values for the squatting motion for adult males

were 1101.497[N] and 2456.474[N], respectively (Fig. 7).

The posture with the maximum value is the most
squatting posture.
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Fig. 6. Graph of lumbar burden values for Squat in
a preschool child
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Fig. 7. Graph of lumbar burden values for Squat in
an adult male

The difference between the criterion for 5-year-old girls
and the mean value of the balance movement was about
88 [N], and the difference between the criterion and the

mean value of the squatting movement was about 140 [N].

The difference between the mean values of balance and

A Study on Methodology

squatting movements was about 232[N] and 321[N],
respectively, from the standard for adult males.
Considering the body leaning and squatting movements,
we believe that both values are reasonable. In addition,
when comparing the average values between the 5-year-
old girl and the adult male, the difference in balance
movement was about 755[N] and the difference in
squatting movement was about 791[N], which we
consider to be a reasonable difference since the difference
is thought to be caused by differences in height and
weight.

3.3. Analysis of adult male data in the setting of a
5-year-old girl

Using the adult male BVH and analyzing in the setting
of a 5-year-old girl's height and weight, the mean and
maximum values for the balance movement were
290.559 [N] and 418.476 [N], respectively. (Fig. 8) The
mean value for squatting movements was 342.096 [N]
and the maximum value was 560.767 [N]. (Fig. 9)
Compared to the figures for 5-year-old girls, the
difference in mean values for balance movements was
about 33 [N] and for squatting movements about 32 [N],
a small difference for both balance and squatting
movements, Simulation of children's movements with
motion capture data is considered to be possible for adults.
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Fig. 8. Graph of lumbar burden values for Balance in
an adult male

Lumbar Burden(N)
i N @ N @ @
1) 5] 11 S o o
8 8 38 3 8 3

o

0.27
0.67
1.07
147
187
227
267
3.07
347
3.87
4.27
4.67
5.07
547
5.87
6.27
6.67
7.07
7.47
7.87
8.27
8.67
9.07
9.47
9.87
10.27
10.67

Time(s)

Fig. 9. Graph of lumbar burden values for Squat in
an adult male
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4, Conclusion

The figures calculated in this paper are shown in Table
2. Reasonable results were obtained in all comparisons of
the values of the two movements with the 5-year-old girl's
standards, with the adult male's standards and with the
values of the two movements, and with the values of the
5-year-old girl and the adult male. In addition, values
analyzed using the adult male BVH with the height and
weight of a five-year-old girl were calculated to be almost
identical to the actual values of a five-year-old girl. This
suggests that it is possible to simulate children's
movements in adults with an awareness of the amount of
physical activity in children's movements. In the future,
many movements should be analyzed.

Table 2. Figures calculated in this paper

Adult for
Adult Male | Preschool Child
HLRAE | TSSO i Seting
Average[N] 1012574 257.866 290.559
Balance
Max[N] 1939.441 425870 418.476
St Average[N] 1101.497 310.173 342,096
ua
i Max{N] 256474 h56.171 560.767
References

1. Ministry of Education, Culture, Sports, Science and
Technology
https://www.mext.go.jp/sports/b_menu/toukei/chousa04/t
airyoku/kekka/k_detail/1421920_00011.htm (Last viewed
on 14 December 2024)

1. A. Sugimoto, “The Measurement of Physical Activity : A
Review of Recent Progress”, The Japanese Journal of
Rehabilitation Medicine, vol. 37, 2000, pp. 53-61.

2. S. Tanaka, “A Study of the Relationship between Young
Children’s Motor Abilities and Physical Activities :
Focusing Five Year Old Children’s Physical Activity
Countsina Day, The Hoikugaku Kenkyu vol. 47, no.2,
2009, pp. 8-16.

3. R. Tsuda, M. Watanabe and K. Suzuki, “Daily physical
activities of public nursery school children during
winter : a case study of eight public schools in Ishikawa
Prefecture”, the Japan Journal of Human Growth and
Development Research, vol. 90, 2021, pp. 57-64.

4. M. Damsgaard, J. Rasmussen, S. T. Christensen, E. Surma
and M. D. Zee, “Analysis of musculoskeletal systems in
the AnyBody Modeling System”, Simulation Modelling
Practice and Theory, vol. 14, 2006, pp. 1100-1111.

Authors Introduction

Ms. Sachiko Kido
She received her M.S. from Nakamura
Gakuen University, Graduate School of
Human Development in 2015. Currently
enrolled in the doctoral program at the
Graduate School of Agriculture and
Engineering, University of Miyazaki.
f Assistant Professor, Department of Early
Chlldhood Education, Higashikyushu Junior College,
2010. Lecturer, Faculty of Education, Miyazaki
International University, since 2019. Her main research
interest is the development of motor skills in young
children.

Prof. Hiroki Tamura

. He received the B.E. and M.E. degree
from Miyazaki University in 1998
and 2000, respectively. From 2000 to
2001, he was an Engineer in Asahi
Kasei Corporation, Japan. In 2001, he
joined Toyama University, Toyama,
Japan, where he was a Technical
Official in the Department of
Intellectual Information Systems. In
2006, he joined Miyazaki University, Miyazaki, Japan,
where he was an Assistant Professor in the Department of
Electrical and Electronic Engineering. Since 2015, he is
currently a Professor in the Department of Environmental
Robotics. His main research interests are Neural Networks
and Optimization Problems. In recent years, he has had
interest in Biomedical Signal Processing using Soft
Computing.

© The 2025 International Conference on Atrtificial Life and Robotics (ICAROB2025), Feb.13-16, J:COM HorutoHall, Oita, Japan

588



http://www.tcpdf.org

