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Abstract

In the case of evaluating the physical performance, the experts can evaluate the performance
easily because of their knowledge which were accumulated as their experiences. Though the
subjective evaluation were efﬂcient, it is difficult to quantify because the experiences are upique
for the experts and the knowledge are subjective. If these subjective evaluate criterion were defined
as a numeric data, it can make the unique individual criterion accumulate as the experience data.
The accumulating knowledge are very important to find the improving point for physical
performance. So the purpose of this study is to propose the evaluation method for Shou-men
Striking of Kendo based on Fuzzy Reasoning ) and indicate the efficiency of these ervaluating'
method with comparing experts and systems. The following results were obtained:

1. We can express the knowledge of experts based on Fuzzy Reasoning and quantify the

experience. ‘

2. It is possible to evaluate the physical performance using the knowledge which were quantify
by fuzzy rule data base.

3. We can construct non liner evaluation based on Experts knowledge.

1  Introduction

criterion were defined as a numeric data, it can make

In the case of evaluating the physical performance,
the experts can evaluate the performance easily
because of their knowledge which were accumulated
as their experiences. Though the subjective evaluation
were efficient, it is difficult to quantify because the
experiences are unique for the experts and the

knowledge are subjective. If these subjective evaluate

the unique individual criterion accumulate as the
experience data. The accumulating knowledge are
very important to find the improving point for
physical performance. So the purpose of this study is
to propose the evaluation method for Shou-men
Striking of Kendo based on Fuzzy Reasoning, and
indicate the efficiency of these evaluating method

with comparing experts and Systems.
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2 Method

2.1 Subjects

Subjects are 6 male student and graduate student
of University of Tsukuba. The characteristics of
subjects are shown in Table 1. The experts are 3
experts who have been practising Kendo and have got
hight degree of grade. The characteristics of experts

are shown in Table 2.

Table 1. The characteristics of subjects

Average = SD
age 25.0 £ 2.83
height(cm) | 167.0 & 4.32
weight(kg) | 72.2 £ 10.18
grade 2.2+ 195
experience 7.7 £7.63

Table 2. The characteristics of exerts

Average = SD
age 23.3 £ 2.36
height(cm) | 178.0 & 2.83
weight(kg) | 76.3 = 4.64
grade 4.33 £ 0.47
experience 15.0 %+ 2.94

2.2 Fuzzy Reasoning

In the Fuzzy Reasoning, the proposition such as
““degree is high " are defined as a fuzzy sets. So
basing the membership value, the matching level
can be calculated of each fuzzy rules. Then the Fuzzy
Reasoning can estimate the approximate reasoning,
which can calculate the result without input value

and antecedent completely matching.

Reasoning
results u(y)

0.0 0.0
1 X Y

input for reasoning
xis A’

resulty is B’

Figure 1. The Fuzzy Reasoning

2.3 Making membership functions

We make membership function basing the
evaluation criteria from experts. We use pi-shape
membership function”. Each pi-shape membership
function has 4 parameters (as, az, bs, bz) shown in
Figure 2. We set each parameter from experts who

had saw shou-men striking video.

(grade)
1.0 -

/as az\
A
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Figure 2. The Pi shape membership function

These parameters are;

- as the first quantile point

- az the second quantile point

- bs the 12.5 percentile point

* bz the 87.5 percentile point
So, the 1.0 value of membership function are 50
percent of subjects. We made antecedent and

consequent membership function these way.

3  Result

3.1 Derivation of experiences low
We use questionaire to construct fuzzy rule data

base for making subjective evaluation quantify. We
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sort out the subjective evz;.luation respect to Shou-men
striking on kendo. The following subjective rule are
driven:
+ If the Top of Shinai are not powerful, then
extend the step width.
« If the up-and-down motion of loin, raise up the
spine.
- If the loin was remain, quick the motion of left

leg.

3.2 Measure system

The fuzzy rule data base were made by
transforming IF-THEN rule from the subjective
evaluation as mentioned above. The employing
parameterswere shown Figure 3. The ir‘lput variables
were respectively, x1(the velocity of the top of
shinai), x2 (the up-and-down motion of the loin) , x3
(the angle of body) . “And the output variables were
y1(the step width), y2 (the angle of body), y3(the
motion time of reft leg) . IF-THEN rule using these
parameters are .

- Rule 1. IF X1 is no Power THEN y! is widen.

- Rule 2. IF x2 is big THEN y2 is rise

- Rule 3. IF x3 is small THEN y3 is quick.

Figure 4 were shown the membership function of

antecedent. And Figure 5 were shown the membership

X1(The velocity
of the top of
inai) ~

\
)
O\

X2(The up-and-down
motion of the loin)

Figure 3. The evaluation parameter

NEa
/

0.8 h
\ Not Powerul
0.¢ I‘
L \
° 11000 13000 13060 14060

The Velosity of The Top of Shinal (mmvs})

V4 Up-and-down
A Motlon of Loin

.
210 220 230 240 250 260 270 380

Up-and-down Motion(mm)

The Remalining
of Loin

138 140 142 146 146 148 150 152

The Angle of The Body(deg)

Figure 4. The membership function of antecedent
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Table 3. The comparison between system output and experts

subjects outputs Grade experts
no output - no problem
sub. 1 no output - good posture
no output - beauts ful
no output - stif f
sub. 2 raise the spine 1.0 no power
no output - widen step
no output - don't see around
sub. 3 raise the spine 0.99 raise the spine
quick the motion of left leg 0.01 -
no output — -
sub. 4 no output - move smoothly
quick the motion of left leg 0.8 -
no output - -
sub. 5 raise the spine 1.0 -
quick the motion of left leg 1.0 lean the body
no output - —
sub. 6 no output - -
quick the motion of left leg 0.01 slow leftleg
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Figure 6. The output Diagram of Reasoning

function of consequent. These membership functions
construct Fuzzy proposition based on IF-THEN rule.
The output of this system were shown Table 3. The
output from system which were constructed the way
shown in Figure 6 was very smiler the experts one,

The system make the experts knowledge re-useable.

4 Discussion

The output of system are similar the expert
evaluation. So We can construct the system which can
use expert knowledge and experiences. And our
system can perform non-liner evaluation because of
using expert knowledge and adapting IF-THEN rule.
The fuzzy evaluating system are very efficient to

evaluate human movement and sports activity.

5 Summary

The following results were obtained:
1. We can express the knowledge of experts based
on Fuzzy Reasoning and quantify the experience.
2. It is possible to evaluate the physical performance
using the knowledge which were quantify by
fuzzy rule data base.
3. We can construct non liner evaluation based on

Experts knowledge.



The Evaluate method for Shou-Men Striking of Kendo based on Fuzzy Reasoning 163

References

1) Yoshiyuki Matsaura (1985) Taiiku - Sports Kagaku no tameno Toukeigaku. Asakura shoten. Tokyo.

2) Mitsukimi Sugimoto and Kunio Goto (1995) Analysis of physical fitness based on Fuzzy Theory for Indi-
viduals with Mental Retardation. In /5th Japanese Journal of Sport Education Studies :41.

3) Mitsukimi Sugimoto and Takaaki Asami (1996) The possibility of improving the record of 1500m run based
on possibility liner regression analysis for parson with mental retardation. Journal of the Society of
Biomechanisms. 20(4):191-197.

4) Mitsukimi Sugimoto and Seiji Yasunobu (1996) Supporting System to Evaluate Physical Performance
based on Fuzzy Reasoning. Society for Fuzzy Theory and Systems. 8(1):89-94.

5) Hideo Tanaka (1990) The Application and Fuzzy Modelling. Asakura shoten. Tokyo.

6) Seiji Yasunobu (1991) Fuzzy Engineering. Shokodo. Tokyo.

7) L. A. Zadeh (1965) Fuzzy Sets. Information and Control. 8:338-353.

8) L. A. Zadeh (1968) Fuzzy Algorithms. Information and Control. 12:94-102.

9) L. A. Zadeh (1968) Probability Measures of Fuzzy Events. J Math.Analysis and Appl. 23:421-427.

10) L. A. Zedeh (1973) Outline of a new approach to the analysis of complex systems and decision processes.
IEEE Transaction on Systems, Man and Cybernetics. SMC-3:28-44.

11) L. A. Zadeh (1978) Fuzzy Sets as a Basis for a Theory of Possibility. Fuzzy Sets and Systems. 1:3-28.

12) L. A. Zadeh and Bellman R. E»(1970) Decision-making in a Fuzzy Environment. Management Science. 171B
141-164.




