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The purpose of this study is to propose a measurement system and analysis method to reveal
characteristics of snowboard turn. This measurement system that consists of 3D gyro sensor,
3-axis acceleration sensor, 3-axis magnetic direction sensor and PIC microcomputer is able to
measure angular velocity, acceleration and magnetic field through the digital communication.
We can simply conduct the experiment because this system is directly attached to the binding on
snowboard, even if a measurement range is very large like skiing ground. The analysis method
provides initial condition (slope) from gravity acceleration, edging angle from angular velocity
and gliding state (direction angle) from magnetic field.

As a result of experimental trial on the carving turn by the snowboarder in a skiing ground, we
could obtain the gliding information quantitatively. Furthermore, this proposed system could
catch a personal habit such as the difference of edging angle in the front side turn and back side
turn because edging angle and gliding state indicate the characteristic of the snowboard turn at
length.

Therefore, we can prove the effectiveness and the validity of this proposed system. This
measurement system can analyze the major features of snowboard turn and this analysis method

may be able to quantitatively evaluate the skill of snowboarders.
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Fig.2.10 Results for the forces component in left foot
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Fig.2.11 Results for the forces component in right foot
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Fig.2.12 Results for the moments component in left foot
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Fig.2.13 Results for the moments component in right foot
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Fig.2.15 Results for normalized force components of right foot in Expert and Beginner
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Fig.2.16 Results for normalized moments components of left foot in Expert and Beginner
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Fig.2.18 Results for the moments component about torsion and deflection of left foot (Expert)
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Fig.2.19 Results for the moments component about torsion and deflection of right foot
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The purpose of this study, we conducted the measurement experiment of Ollie motion by
expert snowboarder using the measurement system of control force by snowboarder and
reaction force from snow surface on the gentle slope, and we analyzed the Ollie motion using
the measurement information. We used the measurement system for applied force (3-axis force
and 3-axis moment) of snowboarder in the previous studies. The measurement system installs
the four 3-axis compact force sensors on the sole of feet (total 8 devices for both feet).

We indicated quantitatively the control force of the snowboarder in Ollie motion by the
measurement and analysis of Ollie motion on the gentle slope. The results can be used to a

milestone leads to clarify Ollie motion in mechanism of exercise.
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Fig.3.6 Results for the force of the right foot at the slope
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In this study, we conducted the measurement experiment and analysis of control force and
reaction force from snow surface of Ollie motion of expert snowboarder on the snowboard jump
kicker by using small device installing force sensors. This system was improved as simply
measurement system by using the compact data logger for the jump kicker experiment. We
conducted the motion measurement of snowboarder on the gentle snow slope and the
snowboard jump kicker using the measurement system, and we analyzed by focusing the force
and moment of right and left feet and total force of moment. These analytical results indicated
the difference of the Ollie motion conducted on the gentle snow slope and the snowboard jump
kicker, and the importance of Ollie motion was represented.

The analytical results indicated the quantitative information in Ollie motion by comparing the
difference the result of the slope and the jump kicker, and we represented the further
information to clarify the Ollie motion mechanism by comparing the result of the slope. It is
expected to establish analysis of Ollie motion mechanism and coaching indicator. These results

can be used for clarifying the mechanism of Ollie motion and the teaching of snowboard jump.
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Fig.4.6 Results for the left foot of force at snowboard jump kicker
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Fig.4.7 Results for the right foot of force at snowboard jump kicker
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Fig.4.8 Results for the left moment of force at snowboard jump kicker
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Fig.4.9 Results for the right moment of force at snowboard jump kicker
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Fig. 4.11 Results for the comparison of Z-axis left force
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Fig.4.12 Results for the comparison of Z-axis right force
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Fig. 4.13 Results for the combined force of X-axis
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This paper deals with the kinematics analysis for clarifying the mechanism of Ollie motions,
and the motion analysis was conducted by the joint angle of snowboarder for indicating the
advantage of Ollie motion in snowboarding. We used the motion sensors installing inertial
sensor for measuring the motion of snowboarder. The motion sensors were attached to the body
segments (upper body, lumbar, femur and lower thigh) of snowboarder. The 3D posture in local
coordinate system was estimated by using the unscented Kalman filter, and the joint angles
(lumber, hip and knee) was applied the inverse kinematics to the 3D posture. We conducted the
motion measurement of snowboarder on the snowboard jump kicker using the motion sensors
by an upper grade snowboarder and an intermediate grade snowboarder, and we analyzed by
using the joint angles. These analytical results indicated the characteristics of motion by using
the Ollie on the snowboard jump kicker, and the importance of Olliec motion was represented.
The obtained characteristics of motion can be used for clarifying the mechanism of Ollie motion

and the teaching of snowboard jump.
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Table.5.1 Definition of joint angle

@ | Lumbar flexion (+),

extension (-)

v, | Lumbear lateral fold to left (-),
to right (+)

@, | Left hip flexion (+),

extension (-)

v, | Left hip adduction (+),
abduction(-)
@5 | Right hip flexion (+),

extension (-)

v, | Right hip adduction (-),

abduction(+)

o, | Left knee flexion (-),

extension (+)

®s | Right knee flexion (-),

extension (+)
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Y global

ﬂ Pitch angle

Z global

y Yaw angle

X global

@ Roll angle

Fig.5.4 Definition of Roll-Pitch-Yaw angle
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Fig.5.5 Block diagram for joint angle calculation of snowboarder in the snowboard jump experiment
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Fig.5.6 Schema of kicker in the experiment
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Fig.5.7 Results for lumbar joint angle
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Fig.5.8 Results for left hip joint angle
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Fig.5.10 Results for left knee joint angle
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